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Abstract

Aim

To describe the patterns of discontinuation and reinitiation in new users of metformin mono-

therapy in New Zealand, overall and according to person- and healthcare-related factors.

Materials and methods

We created a cohort (n = 85,066) of all patients in New Zealand with type 2 diabetes mellitus

who initiated metformin monotherapy between 1 January 2006 and 30 September 2014

from the national data collections, and followed them until the earlier of their death or 31

December 2015. Discontinuation was defined as a gap in possession of metformin mono-

therapy of�90 days. We explored patterns of discontinuation and reinitiation using compet-

ing risks methods.

Results

After 1 year of follow-up, 28% of cohort members had discontinued metformin monotherapy

at least once; the corresponding figures after 2 and 5 years were 37% and 46%. The propor-

tions who reinitiated metformin monotherapy within 1, 2, and 5 years of their first discontinu-

ation were 23%, 49%, and 73%. Discontinuation after the first reinitiation was common

(48% after 1 year). Discontinuation and reinitiation varied by age, ethnicity, and other per-

son- and healthcare-related factors.

Discussion

Our findings highlight the dynamic nature of metformin monotherapy use, show that sub-

stantial periods of non-use are common, and identify priority populations for interventions to

facilitate adherence.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a growing threat to health globally; in 2019 there were an

estimated 463 million adults living with diabetes, an estimated 90% of whom had T2DM [1].

In New Zealand, an estimated 6.4% of adults were living with diagnosed T2DM in 2019 and

the prevalence was much higher among Māori (the indigenous people, 16.5% of the total pop-

ulation [2]), Pacific peoples, Indo-Asians, and those living in more socioeconomically deprived

areas [3, 4]. Part of the increase in T2DM over time is being driven by the steady decrease in

the age of T2DM onset [5], which is particularly concerning given evidence that earlier onset is

associated with more T2DM complications and poorer outcomes [6].

Metformin monotherapy is the first-line pharmacological treatment for T2DM in New Zea-

land [7, 8] and accounts for approximately 85% of the initial pharmacological agents pre-

scribed for T2DM [9]. In a previous paper, we reported that there were important differences

in long-term adherence to metformin monotherapy (measured using the medication posses-

sion ratio (MPR)) among population groups in New Zealand, with Māori, Pacific, and younger

people with T2DM having lower adherence [10]. While the MPR provides a useful population-

level indicator for identifying differences in adherence between population groups, an impor-

tant limitation is that it does not adequately address the dynamic nature of medication use.

For example, it does not readily distinguish between people who continue to take metformin

sporadically over a defined period of time and those who have repeated extended gaps in met-

formin possession. These are two quite different patterns of use with different implications for

glycaemic control and potentially different approaches to improving adherence.

Internationally, researchers have found that medication use among people with chronic

conditions is often cyclical, with some people going through multiple discontinuations and

reinitiations [11–15]. While this pattern has been observed among people taking metformin

for T2DM in other countries [16, 17], the degree to which it occurs in New Zealand was

unknown. To address this gap in knowledge, we undertook an analysis based on a national

cohort of people with T2DM who initiated metformin monotherapy to explore the extent to

which they continued with their prescribed therapy.

The primary aim of the study was to describe the patterns of discontinuation and reinitia-

tion in new users of metformin monotherapy in New Zealand, overall and according to per-

son- and healthcare-related factors. The secondary aim was to estimate the rate of

discontinuation of metformin monotherapy, both overall and by person- and healthcare-

related factors.

2. Materials and methods

This study was based on a cohort of people aged� 18 years who initiated metformin mono-

therapy for T2DM in New Zealand between 1 January 2006 and 30 September 2014 and who

had at least 455 days of follow-up. The methods for deriving this new user cohort, constructing

the metformin possession record, and defining covariates are described in detail elsewhere

[10]; we briefly summarise them below.

Where feasible, we have conformed to the EMERGE Guidelines for reporting medication

adherence studies [18]. However, we do not use the taxonomy described by Vrijens et al. [19]

and mandated by the EMERGE Guidelines because we feel that it is conceptually ambiguous

when considering adherence as a dynamic process as we do here. In particular, the taxonomy

does not address reinitiation of therapy after discontinuation. Instead, we have used the refill-

gap method as a more appropriate framework for examining the dynamics of medication

adherence [20].
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2.1 Data sources

The source population was the Ministry of Health’s Virtual Diabetes Register (VDR) [21, 22].

The VDR is an annually updated national register of people presumed to have diabetes mellitus

who are identified using records of diabetes-related hospital admissions and outpatient visits,

retinal screening, repeated HbA1c laboratory tests, and dispensings of antidiabetic medications.

Women with gestational diabetes and those taking metformin for polycystic ovary syndrome

are excluded. Past evaluations of the VDR have indicated it has good capture of people with

diagnosed diabetes [23–25]. The VDR for any given year excludes patients who died or were

not enrolled in a Primary Health Organisation during that year; however for this study we

asked the Ministry to retain recently deceased and unenrolled patients in the VDR dataset.

For each individual included on the VDR between 1 January 2005 and 31 December 2014,

the Ministry of Health provided demographic, health, and pharmaceutical dispensing data

from its national collections.

2.2 Derivation of the study cohort

The steps we took to derive the study cohort are outlined in S1 Fig. In brief, we identified all

individuals on the VDR who were dispensed metformin at least once between 1 January 2005

and 30 September 2014. The latter date was chosen to allow sufficient follow-up time between

cohort entry (the date of the first metformin dispensing) and the end of the study period (31

December 2015). We opted to employ a new-user design so we could track medication use as a

function of time from therapy initiation. We excluded people with a cohort entry date in 2005

as well as those with an initial metformin dose of more than 1,000mg per day (as new users of

metformin are unlikely to start on such a high dose) to reduce the likelihood of including past

users of metformin. Because our focus was on metformin monotherapy, we excluded people

who had received a dispensing of any other antidiabetic medication before, or within 14 days

after, cohort entry. As metformin is occasionally used in type 1 diabetes, we excluded people

with hospital discharge or death records consistent with a type 1 diabetes diagnosis at any time

before the end of the study period. We also excluded people for whom days’ supply data were

missing from all their metformin dispensing records, as this information was needed to calcu-

late metformin possession dates. We chose to focus on adults with T2DM, so excluded those

aged< 18 years at cohort entry. We excluded a very small number of people who did not

appear to be normally resident in New Zealand at the time of the first metformin dispensing.

Finally, we excluded people who died within 455 days of initiating metformin (because we

required > 455 days of follow-up in order to calculate discontinuation in the first year) and

people who permanently discontinued metformin < 100 days after initiation (as this group

was likely to include people who had an intolerance to metformin).

Cohort members were followed until the earlier of their date of death or the end of the

study period.

2.3 Construction of medication record

For each cohort member, we generated a metformin monotherapy possession record using

community pharmacy dispensing data (dates, days’ supply, tablet strength) from the national

Pharmaceutical Collection (Pharms) [26]. Pharms contains details of community pharmacy

dispensings of medications subsidised by the state (virtually all commonly used medications in

New Zealand), providing a comprehensive information source on community medication use.

Adjustments were made to correct for overlapping dispensings, simultaneous dispensings of

different metformin tablet strengths, and missing values for the days supplied variable (see

[10] for details).
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2.4 Discontinuation and reinitiation measures

We defined discontinuation of metformin monotherapy as a gap of� 90 days between the end

of one dispensed supply and the earliest of (i) a subsequent dispensing of metformin mono-

therapy, (ii) dispensing of another antidiabetic pharmacological regimen (defined as a com-

plete change in medication or the addition of another antidiabetic agent(s) to metformin), (iii)

death, or (iv) the end of the study period.

We chose 90 days as this represents the maximum days of supply that can usually be dis-

pensed at one time in New Zealand, making it unlikely that the gap was due to stockpiling. It is

also sufficiently large to represent a clinically relevant lapse in treatment. For cohort members

who discontinued, the first day on which they were no longer in possession of metformin

monotherapy was recorded as the first day of the discontinuation period.

We defined reinitiation of metformin monotherapy as receiving a new supply after a dis-

continuation period of� 90 days.

2.5 Covariates

We obtained information about person- and healthcare-related factors from the Ministry of

Health’s national collections. The baseline date for the analyses exploring the duration of the

initial period of metformin monotherapy, and the rate of discontinuation of metformin mono-

therapy, was the date of cohort entry. Baseline dates for the analyses exploring the time to rein-

itiation after discontinuation and the duration of reinitiated metformin monotherapy were the

date of discontinuation and the date of reinitiation, respectively.

We extracted, or derived, the following covariates for each cohort member: age at baseline;

gender; self-identified ethnicity; socioeconomic deprivation at baseline; district health board

(DHB) region of residence at baseline; Charlson Comorbidity Index (CCI, calculated based on

hospitalisations in the 5 years before baseline); history of cardiovascular disease (CVD) at base-

line; cancer registration and number of hospitalisations in the year before baseline; and, in the

6 months before baseline, evidence of diagnosed depression, number of non-diabetic medica-

tions, a glucose laboratory test (including HbA1c, fructosamine, glucose tolerance test and

serum glucose), and a urinary albumin/creatinine ratio test. These covariates were chosen

because they represented important population groups, were factors identified in the literature

as potentially influencing metformin adherence, or were tests recommended in New Zealand

as part of clinical monitoring for people with T2DM.

2.6 Statistical analyses

We used the refill-gap method as a framework for our analyses [20], along with time-to-event

analyses as recommended by Vrijens et al. [19, 27]. We used competing risk methods to evalu-

ate the duration of the first episode of metformin monotherapy, the time to first reinitiation of

metformin monotherapy, and the duration of reinitiated use. Dispensing of another antidia-

betic regimen and death were considered as competing risks, and follow-up was censored at

the end of the study period. We calculated cumulative incidences (referred to as proportions)

and 95% confidence intervals (95% CIs) for groups defined by person- and healthcare-related

factors using the method of Choudhury [28] as implemented in the stcompet function in Stata

version 15 [29]. We used competing risks regression to compare groups [30] and present sub-

hazard ratios (referred to as hazard ratios [HRs]) and 95% CIs. We fitted both univariable and

multivariable models, with multivariable models adjusting for the person- and healthcare-

related factors described in section 2.5.

We calculated the rate of discontinuation during follow-up, overall and by person- and

healthcare-related factors. The discontinuation rate is a function of whether a person
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discontinues at all, how long they discontinue for, and how many times they discontinue and

reinitiate. The rate is best viewed as an indicator of adherence volatility for a particular group,

with a higher rate indicating more frequent transitions between discontinuation/reinitiation

states. We censored follow-up at the earliest of a change to another antidiabetic regimen,

death, or the end of the study period. We used Poisson regression to calculate the rates of dis-

continuation per 10 person-years, as well as crude and adjusted rate ratios (RRs) for the per-

son- and healthcare-related factors, using the number of discontinuations during follow-up as

the outcome and log follow-up time as the offset. Robust standard errors were calculated to

allow for over-dispersion and were used to construct 95% CIs for the rates and RRs. We used

R v4.0.1 [31] to perform these analyses.

Since the proportion of missing data for person- and healthcare-related factors was very

low, we did not impute missing data.

2.7 Ethical approval

We obtained ethical approval from the University of Otago Human Research Ethics Commit-

tee (Health) (reference number HD17/027).

3. Results

3.1 Study cohort

The characteristics of the study cohort (n = 85,066) at entry are shown in Table 1. The median

follow-up was 3.6 years [IQR: 2.0–5.8 years].

3.2 Discontinuation

During follow-up, 2,072 (2.4%) cohort members died while still being dispensed metformin

monotherapy, 19,982 (23.5%) changed to another antidiabetic regimen, and 24,165 (28.4%)

continued to take metformin monotherapy through to the end of the study period. This left

38,847 (45.7%) who discontinued metformin monotherapy at least once.

Fig 1 shows the cumulative incidence of the first discontinuation of metformin monother-

apy, of changing to another antidiabetic regimen, and of death. At year 1 after cohort entry,

28.2% of cohort members had discontinued metformin monotherapy at least once, 9.0% had

changed to another antidiabetic regimen, and 62.8% had continued to take metformin mono-

therapy; by design, none had died. By the end of year 2, 36.8% had discontinued metformin

monotherapy at least once, 14.1% had changed to another antidiabetic regimen, 0.6% had died

without discontinuing metformin monotherapy, and 48.5% remained alive and had continued

metformin monotherapy; the corresponding figures at 5 years were 46.3%, 23.7%, 2.3%, and

27.7%.

The cumulative proportions of cohort members who discontinued metformin monother-

apy at least once differed according to person- and healthcare-related factors (Table 1). Some

groups already disproportionately affected by T2DM (Māori, Pacific, and Indian ethnic groups

and those living in socioeconomically deprived areas) were more likely to discontinue. There

was a marked inverse relationship between increasing age and discontinuation, and cohort

members with poorer health status at cohort entry, such as a higher CCI, a history of CVD, a

cancer registration, depression, and higher numbers of hospitalisations and non-diabetic med-

ications were less likely to discontinue. Similarly, cohort members with a recent glucose or a

urinary albumin/creatinine ratio test were less likely to discontinue than those who were not

tested. The proportions who discontinued varied according to DHB, while there was little dif-

ference by gender.
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Table 1. Comparison of cumulative proportions who discontinued metformin monotherapy at least once by person- and healthcare-related factors.

Person- or healthcare-related factor Study

cohort N (%)

Cumulative proportion (95% CI) who discontinued Hazard ratio

End of year 1 End of year 2 End of year 5 Unadjusted

(95% CI)

Adjusted� (95%

CI)

Age at cohort entry (years)

<25 752 (0.9) 61.7 (58.1–65.1) 70.4 (66.9–73.5) 74.6 (71.3–77.7) 1.64 (1.49–1.80) 1.46 (1.32–1.61)

25–34 3,613 (4.2) 54.1 (52.5–55.7) 63.5 (61.9–65.0) 69.5 (67.9–71.0) 1.34 (1.28–1.41) 1.24 (1.18–1.30)

35–44 10,965 (12.9) 42.2 (41.3–43.2) 52.0 (51.1–53.0) 60.7 (59.7–61.6) Reference Reference

45–54 21,434 (25.2) 32.6 (32.0–33.3) 41.9 (41.3–42.6) 51.2 (50.5–52.0) 0.76 (0.73–0.78) 0.82 (0.80–0.85)

55–64 23,292 (27.4) 23.9 (23.3–24.4) 32.2 (31.6–32.8) 41.6 (40.9–42.2) 0.57 (0.55–0.58) 0.69 (0.67–0.71)

65–74 16,670 (19.6) 18.2 (17.6–18.8) 25.5 (24.9–26.2) 35.7 (34.9–36.4) 0.46 (0.45–0.48) 0.63 (0.61–0.66)

�75 8,340 (9.8) 16.0 (15.2–16.8) 24.0 (23.1–25.0) 37.0 (35.9–38.1) 0.47 (0.46–0.49) 0.73 (0.70–0.77)

Gender

Female 40,140 (47.2) 28.7 (28.3–29.1) 37.6 (37.1–38.1) 47.5 (47.0–48.0) Reference Reference

Male 44,926 (52.8) 27.7 (27.3–28.1) 36.0 (35.6–36.5) 45.3 (44.8–45.8) 0.94 (0.92–0.95) 0.93 (0.92–0.95)

Ethnicity (prioritised)† ‡

Māori 13,596 (16.0) 37.1 (36.3–37.9) 46.5 (45.7–47.4) 55.6 (54.7–56.4) 1.71 (1.66–1.76) 1.48 (1.44–1.53)

Pacific 11,135 (13.1) 44.3 (43.3–45.2) 53.2 (52.2–54.1) 60.8 (59.8–61.7) 2.03 (1.97–2.09) 1.58 (1.52–1.63)

European 44,578 (52.4) 20.5 (20.1–20.8) 28.4 (28.0–28.8) 38.6 (38.1–39.0) Reference Reference

Asian (Non-Indian) 5,969 (7.0) 29.7 (28.5–30.8) 39.1 (37.8–40.3) 49.3 (47.9–50.6) 1.39 (1.33–1.44) 1.13 (1.09–1.18)

Indian 5,536 (6.5) 34.8 (33.6–36.1) 44.6 (43.2–45.9) 53.6 (52.2–55.0) 1.61 (1.55–1.67) 1.25 (1.20–1.31)

Other 1,187 (1.4) 30.2 (27.6–32.8) 41.2 (38.4–44.0) 53.2 (50.1–56.2) 1.52 (1.41–1.65) 1.25 (1.15–1.35)

Socioeconomic deprivation (NZDep13) at cohort entry‡

Quintile 1 10,308 (12.1) 24.5 (23.7–25.4) 33.1 (32.2–34.0) 43.3 (42.2–44.3) Reference Reference

Quintile 2 12,002 (14.1) 24.6 (23.9–25.4) 33.6 (32.8–34.5) 43.8 (42.9–44.8) 1.03 (0.99–1.08) 0.97 (0.94–1.02)

Quintile 3 15,054 (17.7) 25.0 (24.3–25.7) 33.2 (32.5–34.0) 43.4 (42.6–44.3) 1.04 (1.00–1.08) 0.98 (0.94–1.02)

Quintile 4 19,427 (22.8) 26.6 (26.0–27.3) 35.2 (34.5–35.9) 44.9 (44.1–45.6) 1.10 (1.06–1.14) 1.00 (0.96–1.04)

Quintile 5 28,271 (33.2) 33.8 (33.2–34.3) 42.4 (41.8–43.0) 51.1 (50.5–51.7) 1.39 (1.34–1.44) 1.03 (0.99–1.07)

District Health Board at cohort entry‡

Auckland 9,453 (11.1) 34.4 (33.5–35.4) 44.0 (43.0–45.0) 53.8 (52.8–54.9) Reference Reference

Bay of Plenty 3,665 (4.3) 24.9 (23.6–26.4) 32.6 (31.1–34.1) 42.3 (40.7–44.0) 0.72 (0.68–0.76) 0.80 (0.76–0.85)

Canterbury 7,634 (9.0) 24.2 (23.2–25.2) 32.7 (31.6–33.7) 43.3 (42.1–44.5) 0.73 (0.7–0.76) 0.87 (0.83–0.91)

Capital and Coast 4,505 (5.3) 25.7 (24.4–27.0) 34.2 (32.9–35.6) 42.0 (40.5–43.5) 0.72 (0.68–0.76) 0.75 (0.71–0.80)

Counties Manukau 14,700 (17.3) 35.5 (34.7–36.3) 44.4 (43.6–45.2) 53.3 (52.4–54.1) 1.00 (0.97–1.04) 0.95 (0.92–0.99)

Hawkes Bay 3,403 (4.0) 25.7 (24.2–27.1) 34.2 (32.6–35.8) 45.0 (43.3–46.8) 0.79 (0.74–0.83) 0.85 (0.80–0.91)

Hutt 2,811 (3.3) 25.1 (23.5–26.7) 33.8 (32.1–35.6) 41.6 (39.7–43.5) 0.71 (0.66–0.75) 0.75 (0.70–0.80)

Lakes 1,880 (2.2) 28.2 (26.2–30.2) 35.7 (33.6–37.9) 44.9 (42.5–47.3) 0.78 (0.73–0.84) 0.84 (0.78–0.90)

MidCentral 3,466 (4.1) 23.9 (22.5–25.3) 31.8 (30.2–33.3) 41.5 (39.7–43.2) 0.69 (0.65–0.73) 0.81 (0.76–0.87)

Nelson Marlborough 1,864 (2.2) 22.5 (20.7–24.5) 31.2 (29.1–33.3) 42.0 (39.6–44.4) 0.69 (0.64–0.74) 0.82 (0.76–0.89)

Northland 3,440 (4.0) 27.5 (26.1–29.0) 36.6 (35.0–38.3) 46.7 (44.9–48.4) 0.81 (0.77–0.86) 0.88 (0.83–0.93)

South Canterbury 1,066 (1.3) 21.3 (18.9–23.8) 29.1 (26.4–31.9) 38.0 (34.9–41.0) 0.62 (0.56–0.68) 0.80 (0.72–0.89)

Southern 4,939 (5.8) 20.1 (19.0–21.2) 27.9 (26.6–29.1) 38.4 (37.0–39.8) 0.62 (0.59–0.65) 0.80 (0.76–0.85)

Tairawhiti 999 (1.2) 31.5 (28.7–34.4) 39.6 (36.5–42.6) 49.4 (46.1–52.6) 0.90 (0.82–0.99) 0.90 (0.82–0.99)

Taranaki 2,049 (2.4) 20.6 (18.8–22.3) 28.1 (26.2–30.1) 39.2 (37.0–41.5) 0.65 (0.60–0.70) 0.82 (0.76–0.88)

Waikato 6,355 (7.5) 27.0 (25.9–28.1) 35.6 (34.4–36.8) 43.8 (42.5–45.1) 0.75 (0.72–0.79) 0.87 (0.83–0.92)

Wairarapa 857 (1.0) 22.1 (19.3–24.9) 31.5 (28.4–34.6) 42.4 (38.9–45.8) 0.71 (0.64–0.78) 0.86 (0.77–0.95)

Waitemata 10,103 (11.9) 29.1 (28.2–30.0) 38.0 (37.0–39.0) 47.7 (46.7–48.7) 0.84 (0.81–0.87) 0.94 (0.90–0.98)

West Coast 472 (0.6) 21.6 (18.0–25.4) 28.9 (24.8–33.0) 41.3 (36.5–46.0) 0.66 (0.58–0.76) 0.82 (0.71–0.95)

Whanganui 1,396 (1.6) 26.9 (24.6–29.2) 34.0 (31.5–36.5) 43.7 (40.9–46.4) 0.74 (0.68–0.81) 0.85 (0.78–0.93)

Charlson comorbidity index at cohort entry

0 73,315 (86.2) 29.5 (29.1–29.8) 38.2 (37.8–38.5) 47.6 (47.2–47.9) Reference Reference

1 8,125 (9.6) 21.3 (20.4–22.2) 29.0 (28.1–30.0) 39.4 (38.3–40.6) 0.77 (0.74–0.79) 0.97 (0.93–1.01)

2 2,662 (3.1) 17.8 (16.4–19.3) 25.9 (24.3–27.6) 37.0 (35.1–39.0) 0.69 (0.65–0.73) 0.94 (0.88–1.00)

�3 964 (1.1) 17.0 (14.7–19.5) 27.1 (24.4–30.0) 37.4 (34.2–40.6) 0.71 (0.64–0.78) 1.02 (0.92–1.14)
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After adjustment for person- and healthcare-related factors in the multivariate regression

model (Table 1), the differences in discontinuation by age, ethnicity, history of CVD, number

of non-diabetic medications, DHB, and having a glucose test remained. However, there was

no longer an association between discontinuation and deprivation, CCI, cancer registration,

depression, or having a urinary albumin/creatinine ratio test. Increasing numbers of hospital

admissions were associated with a higher likelihood of discontinuation in the adjusted model,

but this could be reflecting the strong positive association between non-diabetic medications

and the number of hospitalisations and the resulting collinearity.

3.3 Reinitiation

Of the 38,847 cohort members who discontinued metformin monotherapy, 14 were excluded

from the reinitiation analysis as they were recorded as living overseas at the time. Of the

Table 1. (Continued)

Person- or healthcare-related factor Study

cohort N (%)

Cumulative proportion (95% CI) who discontinued Hazard ratio

End of year 1 End of year 2 End of year 5 Unadjusted

(95% CI)

Adjusted� (95%

CI)

History of cardiovascular disease at cohort entry

No 64,558 (75.9) 31.2 (30.9–31.6) 40.1 (39.7–40.5) 49.4 (49.0–49.8) Reference Reference

Yes 20,508 (24.1) 18.6 (18.1–19.2) 26.2 (25.6–26.8) 36.6 (35.9–37.3) 0.66 (0.64–0.67) 0.86 (0.84–0.89)

Cancer registration in the year before cohort entry

No 84,561 (99.4) 28.2 (27.9–28.5) 36.8 (36.5–37.2) 46.4 (46.0–46.8) Reference Reference

Yes 505 (0.6) 18.6 (15.4–22.1) 26.1 (22.3–30.0) 35.5 (31.1–39.9) 0.72 (0.62–0.83) 0.87 (0.75–1.01)

Number of hospitalisations in the year before cohort entry

0 68,662 (80.7) 28.6 (28.2–28.9) 37.2 (36.8–37.5) 46.6 (46.3–47.0) Reference Reference

1 10,797 (12.7) 27.5 (26.7–28.4) 36.0 (35.1–36.9) 45.9 (44.9–46.9) 0.98 (0.95–1.01) 1.08 (1.05–1.12)

2–4 5,054 (5.9) 24.9 (23.7–26.1) 33.3 (32.0–34.6) 43.5 (42.0–44.9) 0.73 (0.51–1.05) 1.01 (0.70–1.47)

5–9 480 (0.6) 26.5 (22.6–30.5) 34.5 (30.3–38.8) 43.1 (38.3–47.8) 0.90 (0.86–0.94) 1.11 (1.06–1.17)

�10 73 (0.1) 19.2 (11.1–28.9) 28.9 (19.0–39.5) 37.0 (25.3–48.7) 0.89 (0.78–1.03) 1.29 (1.11–1.49)

Depression in the 6 months before cohort entry

No 77,807 (91.5) 28.7 (28.4–29.0) 37.2 (36.9–37.6) 46.6 (46.3–47.0) Reference Reference

Yes 7,259 (8.5) 22.3 (21.4–23.3) 32.0 (30.9–33.1) 43.0 (41.8–44.3) 0.86 (0.83–0.90) 1.03 (0.99–1.07)

Number of non-diabetic medications used in the 6 months before cohort entry

0–1 9,207 (10.8) 42.9 (41.8–43.9) 52.0 (51.0–53.0) 59.3 (58.3–60.4) Reference Reference

2–3 17,443 (20.5) 35.5 (34.8–36.2) 44.8 (44.0–45.5) 53.2 (52.5–54.0) 0.82 (0.8–0.85) 0.87 (0.84–0.90)

4–5 18,443 (21.7) 28.8 (28.1–29.4) 37.5 (36.8–38.2) 47.5 (46.7–48.2) 0.68 (0.66–0.71) 0.77 (0.75–0.80)

6–7 14,482 (17.0) 24.8 (24.1–25.5) 33.0 (32.3–33.8) 42.7 (41.9–43.6) 0.59 (0.57–0.61) 0.70 (0.67–0.73)

8–9 10,074 (11.8) 21.1 (20.3–21.9) 29.1 (28.2–30.0) 39.6 (38.6–40.6) 0.53 (0.51–0.55) 0.64 (0.61–0.67)

10–19 14,466 (17.0) 18.5 (17.9–19.2) 26.6 (25.9–27.3) 37.4 (36.6–38.3) 0.49 (0.47–0.51) 0.61 (0.58–0.64)

�20 951 (1.1) 14.5 (12.4–16.8) 23.0 (20.4–25.8) 33.4 (30.1–36.7) 0.41 (0.37–0.46) 0.51 (0.45–0.58)

Glucose test in the 6 months before cohort entry§

No 11,127 (13.1) 37.2 (36.3–38.1) 46.5 (45.6–47.4) 54.9 (53.9–55.8) Reference Reference

Yes 73,939 (86.9) 26.8 (26.5–27.1) 35.3 (35.0–35.7) 45.0 (44.7–45.4) 0.73 (0.71–0.75) 0.86 (0.83–0.89)

Urinary albumin/creatinine ratio test in the 6 months before cohort entry

No 49,632 (58.3) 29.4 (29.0–29.8) 38.4 (37.9–38.8) 48.4 (47.9–48.9) Reference Reference

Yes 35,434 (41.7) 26.5 (26.1–27.0) 34.5 (34.0–35.0) 43.4 (42.9–44.0) 0.87 (0.85–0.89) 0.89 (0.87–0.91)

� Adjusted for all other covariates in the table.
† In the New Zealand healthcare system, people can record up to six ethnic groups. For statistical purposes, each individual can be allocated–a single ethnic group using

a prioritisation algorithm [32]. The MELAA group (Middle Eastern, Latin American, African) was included in Other.
‡ Of the 85,066 people included in this analysis, ethnicity was unknown for 3,065, NZDep13 was unknown for 4, and District Health Board was unknown for 9.
§ Record of a laboratory test in the ‘blood glucose’ category (includes HbA1c, fructosamine, glucose tolerance, and serum glucose tests).

https://doi.org/10.1371/journal.pone.0250289.t001
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remaining 38,833, 887 (2.3%) subsequently died without restarting any antidiabetic medica-

tion, 2,008 (5.2%) started another antidiabetic regimen, and 7,310 (18.8%) were alive but had

not restarted any antidiabetic medication by the end of follow-up. This left 28,628 (73.7%)

who reinitiated metformin monotherapy during follow-up.

Fig 2 shows the cumulative incidence of metformin monotherapy reinitiation, of starting

another antidiabetic regimen, and of death. One year after the first discontinuation, 22.8% had

reinitiated metformin monotherapy, 1.3% had started another antidiabetic regimen, and three

quarters (75.9%) had not resumed pharmacological therapy. By the end of year 2, the propor-

tions of cohort members who had reinitiated metformin monotherapy and started another

antidiabetic regimen had increased to 49.0% and 3.0%, respectively, while 0.3% had died with-

out restarting pharmacological therapy and a further 47.7% were still alive but had not

Fig 1. Cumulative proportions who discontinued metformin monotherapy at least once, who changed to another

antidiabetic regimen, and who died.

https://doi.org/10.1371/journal.pone.0250289.g001

Fig 2. Cumulative proportions who reinitiated metformin monotherapy after the first discontinuation, who

changed to another antidiabetic regimen, and who died.

https://doi.org/10.1371/journal.pone.0250289.g002
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reinitiated any antidiabetic medication. The corresponding figures at 5 years were 72.6%,

5.0%, 1.7%, and 20.7%.

The cumulative proportions reinitiating metformin monotherapy after the first discontinu-

ation varied by person- and healthcare-related factors (Table 2). The groups disproportion-

ately affected by T2DM who were more likely to discontinue (Māori, Pacific, and Indian

cohort members and those living in socioeconomically deprived areas) were also more likely

to reinitiate use. Similarly, those DHBs where people were most likely to discontinue were also

those where people were most likely to reinitiate use. In contrast, people in the older age

groups were less likely to discontinue metformin monotherapy but, when they did, were also

less likely to reinitiate it. We also found this for cohort members with poorer health, who were

less likely to discontinue; in general, those with poorer health who had discontinued were less

likely to reinitiate metformin monotherapy than those with better health. For instance, people

with a higher CCI, a history of CVD, a cancer registration, depression, and higher numbers of

hospitalisations and non-diabetic medications were less likely to reinitiate. Finally, those with

a recent glucose or urinary albumin/creatinine ratio test were more likely to reinitiate.

The differences in reinitiation by age and ethnicity remained after adjustment for person-

and healthcare-related factors in the multivariate regression model (Table 2), although they

were attenuated, as were the differences by DHB. There was little difference in reinitiation by

socioeconomic deprivation. The general finding that people with poorer health at discontinua-

tion were less likely to reinitiate persisted after adjustment, as did the association between

receiving glucose or albumin/creatinine ratio tests before discontinuation and an increased

likelihood of reinitiation.

3.4 Second discontinuation

Of those who reinitiated metformin monotherapy after the first discontinuation, nearly half

(47.6%) had discontinued at least once in the first year following reinitiation (S2 Fig). The

cumulative proportions who discontinued varied by person- and healthcare-related factors,

with patterns similar to the first discontinuation (S1 Table).

3.5 Rates of discontinuation

The overall rate of discontinuations per 10 person-years was 1.98 (95% CI 1.96 to 1.99). The

rates, and crude and adjusted RRs, by person- and healthcare-related factors are provided in

Table 3. There were strong inverse relationships between increasing age and increasing num-

bers of non-diabetic medications dispensed in the 6 months before cohort entry and the rates

of discontinuation. There were also differences between ethnic groups; compared with Euro-

peans, Māori, Pacific, and Indian groups had higher rates of discontinuation. Increasing rates

were also observed with increasing deprivation, although this relationship largely disappeared

after adjustment for other person- and healthcare-related factors.

4. Discussion

Our findings from this national cohort study highlight the dynamic nature of metformin

monotherapy use in New Zealand and show that some people have substantial periods of non-

use. For instance, after 2 years of follow-up, just over a third of cohort members had discontin-

ued metformin monotherapy at least once without starting another antidiabetic medication,

dying or reaching the end of follow-up. After 5 years, almost half of those still in follow-up had

discontinued metformin monotherapy at least once. Of those who discontinued, three quarters

did not restart any antidiabetic medication in the year following their first discontinuation.

However, after 2 years 49% had reinitiated metformin monotherapy and 3% had started
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Table 2. Comparison of cumulative proportions who reinitiated metformin monotherapy after first discontinuation by person- and healthcare-related factors.

Person- or healthcare-related factor Cumulative proportion (95% CI) who reinitiated Hazard ratio

End of year 1 End of year 2 End of year 5 Unadjusted (95% CI) Adjusted� (95% CI)

Age at discontinuation (years)

<25 25.8 (22.0–29.7) 52.5 (47.9–56.9) 77.5 (73.1–81.2) 0.82 (0.74–0.92) 0.84 (0.75–0.95)

25–34 28.1 (26.3–30.0) 60 (57.9–62.0) 81.8 (80.0–83.4) 0.97 (0.91–1.02) 0.96 (0.90–1.01)

35–44 29.4 (28.2–30.5) 61 (59.8–62.3) 82.4 (81.3–83.4) Reference Reference

45–54 27.7 (26.9–28.6) 56.6 (55.6–57.5) 80.6 (79.7–81.4) 0.92 (0.89–0.96) 0.97 (0.94–1.01)

55–64 21.6 (20.8–22.5) 48.7 (47.7–49.7) 75.1 (74.1–76.0) 0.77 (0.74–0.79) 0.87 (0.83–0.90)

65–74 16.2 (15.3–17.1) 37.4 (36.2–38.6) 63.0 (61.7–64.2) 0.55 (0.53–0.58) 0.68 (0.65–0.72)

�75 10.2 (9.3–11.2) 23.5 (22.2–24.9) 41.7 (40.1–43.3) 0.31 (0.29–0.33) 0.46 (0.43–0.49)

Gender

Female 21.9 (21.3–22.5) 47.0 (46.3–47.7) 71.0 (70.4–71.7) Reference Reference

Male 23.7 (23.1–24.3) 50.8 (50.1–51.5) 74.1 (73.5–74.8) 1.10 (1.07–1.13) 1.07 (1.05–1.10)

Ethnicity (prioritised)† ‡

Māori 27.4 (26.4–28.4) 55.9 (54.8–57.0) 79.9 (78.9–80.8) 1.57 (1.53–1.62) 1.31 (1.27–1.36)

Pacific 31.2 (30.1–32.3) 62.9 (61.7–64.0) 84.3 (83.4–85.2) 1.85 (1.79–1.91) 1.40 (1.35–1.46)

European 17.5 (16.9–18.1) 39.7 (38.9–40.4) 63.7 (63.0–64.5) Reference Reference

Asian (Non-Indian) 21.8 (20.3–23.3) 50.0 (48.1–51.8) 73.8 (72.1–75.5) 1.32 (1.26–1.39) 1.07 (1.02–1.12)

Indian 25.4 (23.8–27.0) 54.7 (52.8–56.5) 79.2 (77.6–80.7) 1.53 (1.47–1.60) 1.18 (1.13–1.24)

Other 20.0 (17.0–23.3) 44.8 (40.9–48.7) 72.3 (68.3–76.0) 1.22 (1.11–1.34) 0.98 (0.89–1.08)

Socioeconomic deprivation (NZDep13) at discontinuation‡

Quintile 1 20.8 (19.6–22.0) 45.0 (43.5–46.5) 69.8 (68.4–71.2) Reference Reference

Quintile 2 20.5 (19.4–21.5) 45.1 (43.7–46.4) 69.8 (68.4–71.1) 1.01 (0.96–1.06) 1.00 (0.95–1.05)

Quintile 3 20.5 (19.5–21.5) 45.3 (44.1–46.5) 70.1 (68.9–71.2) 1.01 (0.96–1.05) 1.00 (0.95–1.05)

Quintile 4 21.3 (20.4–22.2) 47.5 (46.4–48.5) 70.5 (69.5–71.5) 1.05 (1.01–1.10) 1.01 (0.97–1.06)

Quintile 5 26.4 (25.6–27.1) 54.4 (53.6–55.2) 77.2 (76.5–77.9) 1.29 (1.24–1.34) 1.05 (1.01–1.10)

District Health Board at discontinuation‡

Auckland 24.6 (23.4–25.8) 53.2 (51.8–54.6) 76.9 (75.6–78.1) Reference Reference

Bay of Plenty 21.7 (19.7–23.8) 45.6 (43.1–48.1) 69.8 (67.3–72.1) 0.82 (0.77–0.88) 0.95 (0.89–1.02)

Canterbury 20.0 (18.7–21.4) 45.2 (43.5–46.9) 69.4 (67.7–71.0) 0.82 (0.78–0.86) 1.01 (0.96–1.07)

Capital and Coast 22.1 (20.2–24.0) 48.2 (45.9–50.5) 71.6 (69.4–73.8) 0.87 (0.81–0.92) 0.89 (0.83–0.95)

Counties Manukau 27.6 (26.6–28.6) 56.0 (54.8–57.1) 79.3 (78.4–80.3) 1.08 (1.04–1.13) 1.00 (0.95–1.04)

Hawkes Bay 20.5 (18.5–22.6) 45.0 (42.5–47.5) 67.9 (65.4–70.3) 0.79 (0.74–0.85) 0.87 (0.81–0.93)

Hutt 24.1 (21.6–26.6) 49.6 (46.7–52.5) 73.3 (70.5–75.9) 0.92 (0.85–0.99) 0.96 (0.89–1.04)

Lakes 25.9 (22.9–28.9) 49.6 (46.1–52.9) 73.1 (69.7–76.1) 0.90 (0.82–0.98) 0.93 (0.85–1.02)

MidCentral 19.3 (17.2–21.4) 43.4 (40.7–46.0) 67.2 (64.4–69.8) 0.75 (0.70–0.81) 0.87 (0.81–0.94)

Nelson Marlborough 17.2 (14.7–20.0) 42.0 (38.5–45.5) 64.7 (61.0–68.2) 0.71 (0.64–0.77) 0.91 (0.82–1.00)

Northland 19.7 (17.7–21.7) 45.1 (42.6–47.6) 69.3 (66.8–71.6) 0.80 (0.75–0.86) 0.84 (0.78–0.90)

South Canterbury 18.8 (15.2–22.8) 39.7 (34.8–44.5) 62.6 (57.4–67.4) 0.68 (0.59–0.77) 0.96 (0.84–1.10)

Southern 17.7 (16.0–19.5) 39.7 (37.5–42.0) 65.6 (63.3–67.9) 0.72 (0.68–0.77) 0.95 (0.89–1.02)

Tairawhiti 23.2 (19.6–27.0) 47.9 (43.4–52.3) 73.2 (68.8–77.1) 0.88 (0.79–0.98) 0.89 (0.79–0.99)

Taranaki 20.0 (17.3–22.8) 40.8 (37.4–44.2) 64.1 (60.6–67.4) 0.71 (0.65–0.78) 0.86 (0.79–0.95)

Waikato 22.6 (21.1–24.2) 50.1 (48.2–52) 73.7 (71.8–75.4) 0.91 (0.86–0.96) 0.98 (0.93–1.04)

Wairarapa 19.6 (15.6–23.8) 40.9 (35.7–46) 66.2 (60.7–71.1) 0.74 (0.65–0.84) 0.88 (0.77–1.01)

Waitemata 23.1 (21.9–24.3) 51.4 (49.9–52.8) 75.5 (74.2–76.8) 0.95 (0.91–1.00) 1.03 (0.98–1.08)

West Coast 16.0 (10.9–21.9) 33.8 (26.8–40.9) 58.7 (50.8–65.8) 0.59 (0.49–0.72) 0.82 (0.68–0.99)

Whanganui 22.6 (19.3–26.0) 45.2 (41.1–49.2) 72.0 (68.0–75.6) 0.86 (0.78–0.94) 0.97 (0.88–1.07)

Charlson Comorbidity Index at discontinuation
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another antidiabetic regimen; by 5 years the figures were 73% and 5%, respectively. Subsequent

discontinuation following the first reinitiation was common (48% after 1 year). Discontinua-

tion and reinitiation varied by age, ethnicity, and other person- and healthcare-related factors,

as did the discontinuation rate, a measure of adherence volatility.

Most of the associations we observed between person- and healthcare-related factors and

discontinuation, reinitiation, and adherence volatility were consistent with our previous study

Table 2. (Continued)

Person- or healthcare-related factor Cumulative proportion (95% CI) who reinitiated Hazard ratio

End of year 1 End of year 2 End of year 5 Unadjusted (95% CI) Adjusted� (95% CI)

0 23.8 (23.4–24.3) 75.3 (74.8–75.8) Reference Reference

1 18.9 (17.6–20.2) 51.1 (50.5–51.6) 63.5 (61.8–65.1) 0.73 (0.70–0.76) 1.03 (0.98–1.08)

2 13.4 (11.6–15.4) 40.7 (39.1–42.3) 48.3 (45.3–51.1) 0.48 (0.44–0.52) 0.84 (0.77–0.92)

�3 8.9 (6.9–11.2) 30.1 (27.5–32.6) 35.2 (31.5–38.9) 0.31 (0.27–0.35) 0.67 (0.59–0.77)

History of cardiovascular disease at discontinuation

No 25 (24.5–25.5) 53.4 (52.9–54.0) 77.1 (76.6–77.6) Reference Reference

Yes 15.7 (15–16.5) 34.7 (33.7–35.6) 58.6 (57.5–59.6) 0.60 (0.58–0.62) 0.85 (0.82–0.88)

Cancer registration in the year before discontinuation

No 22.9 (22.5–23.4) 49.2 (48.7–49.7) 72.9 (72.4–73.4) Reference Reference

Yes 10.1 (7.4–13.2) 27.4 (23.2–31.7) 47.6 (42.6–52.4) 0.50 (0.44–0.57) 0.89 (0.77–1.02)

Number of hospitalisations in the year before discontinuation

0 24.1 (23.6–24.6) 51.2 (50.6–51.8) 75.3 (74.8–75.8) Reference Reference

1 20.8 (19.8–21.9) 46.7 (45.4–48.1) 69.6 (68.2–70.8) 0.85 (0.82–0.88) 0.99 (0.96–1.03)

2–4 15.6 (14.3–16.9) 34.9 (33.2–36.6) 56.5 (54.7–58.4) 0.59 (0.57–0.62) 0.87 (0.82–0.92)

5–9 10.6 (8–13.7) 25.5 (21.5–29.6) 41.9 (37.2–46.6) 0.40 (0.35–0.46) 0.80 (0.69–0.92)

�10 6.4 (2.1–14.2) 17.5 (9.3–27.8) 36.8 (24.7–49.0) 0.31 (0.21–0.46) 0.60 (0.40–0.92)

Depression in the 6 months before discontinuation

No 23.5 (23.1–24.0) 50.2 (49.6–50.7) 73.7 (73.2–74.2) Reference Reference

Yes 15.3 (14.1–16.5) 36.4 (34.8–38.1) 61.5 (59.7–63.2) 0.70 (0.67–0.73) 0.87 (0.83–0.91)

Number of non-diabetic medications in the 6 months before discontinuation

0–1 25.9 (24.7–27.1) 54 (52.6–55.4) 76.9 (75.6–78.1) Reference Reference

2–3 26.3 (25.3–27.2) 56.7 (55.7–57.8) 80.3 (79.4–81.2) 1.08 (1.04–1.13) 1.07 (1.03–1.12)

4–5 25.1 (24.2–26.0) 53.0 (52.0–54.1) 77.4 (76.5–78.4) 0.99 (0.95–1.03) 1.03 (0.98–1.07)

6–7 22.9 (21.9–23.9) 48.8 (47.6–50.1) 74.0 (72.8–75.1) 0.90 (0.86–0.94) 1.01 (0.97–1.06)

8–9 20.7 (19.4–22) 44.8 (43.2–46.3) 68.5 (67.0–70.0) 0.78 (0.75–0.82) 0.97 (0.92–1.02)

10–19 14.9 (14–15.8) 33.8 (32.6–35.0) 56.4 (55.0–57.7) 0.56 (0.53–0.58) 0.82 (0.78–0.86)

�20 7.7 (5.6–10.1) 18.5 (15.4–21.9) 36.9 (32.7–41.1) 0.31 (0.27–0.35) 0.61 (0.53–0.70)

Glucose test in the 6 months before discontinuation§

No 15.9 (15.3–16.6) 43.2 (42.3–44.1) 69.4 (68.5–70.3) Reference Reference

Yes 25.7 (25.1–26.2) 51.4 (50.8–52.0) 74.0 (73.4–74.5) 1.20 (1.17–1.23) 1.23 (1.19–1.27)

Urinary albumin/creatinine ratio test in the 6 months before discontinuation

No 20.6 (20.1–21.1) 46.5 (45.8–47.1) 70.3 (69.7–70.9) Reference Reference

Yes 26.1 (25.4–26.8) 52.7 (51.9–53.5) 76.1 (75.3–76.7) 1.19 (1.17–1.22) 1.04 (1.01–1.07)

� Adjusted for all other covariates in the table.
† In the New Zealand healthcare system, people can record up to six ethnic groups. For statistical purposes, each individual can be allocated to a single ethnic group

using a prioritisation algorithm [32]. The MELAA group (Middle Eastern, Latin American, African) was included in Other.
‡ Of the 38,833 people included in this analysis, ethnicity was unknown for 1,346, NZDep13 was unknown for 28, and District Health Board was unknown for 671.
§ Record of a laboratory test in the ‘blood glucose’ category (includes HbA1c, fructosamine, glucose tolerance, and serum glucose tests)

https://doi.org/10.1371/journal.pone.0250289.t002
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Table 3. Rate of discontinuation of metformin monotherapy and rate ratios by person- and healthcare-related factors at cohort entry.

Person- or healthcare-related factor Rate per 10 person-years (95% CI) Crude rate ratio (95% CI) Adjusted rate ratio� (95% CI)

Age at cohort entry (years)

<25 4.12 (3.87–4.39) 1.31 (1.23–1.39) 1.20 (1.12–1.28)

25–34 3.98 (3.84–4.12) 1.26 (1.22–1.31) 1.17 (1.13–1.21)

35–44 3.15 (3.09–3.21) Reference Reference

45–54 2.35 (2.29–2.42) 0.75 (0.73–0.77) 0.81 (0.79–0.83)

55–64 1.65 (1.60–1.69) 0.52 (0.51–0.54) 0.64 (0.62–0.66)

65–74 1.24 (1.21–1.28) 0.40 (0.38–0.41) 0.54 (0.52–0.56)

�75 1.18 (1.14–1.23) 0.38 (0.36–0.39) 0.58 (0.55–0.60)

Gender

Female 1.99 (1.97–2.02) Reference Reference

Male 1.96 (1.92–2.00) 0.98 (0.96–1.00) 0.99 (0.97–1.01)

Prioritised ethnicity

Māori 2.76 (2.69–2.83) 1.90 (1.85–1.95) 1.54 (1.50–1.58)

Pacific 3.17 (3.10–3.25) 2.18 (2.13–2.24) 1.64 (1.59–1.69)

European 1.45 (1.43–1.47) Reference Reference

Asian (non-Indian 1.95 (1.88–2.02) 1.34 (1.29–1.39) 1.11 (1.07–1.15)

Indian 2.33 (2.25–2.41) 1.60 (1.55–1.66) 1.23 (1.18–1.27)

Other 2.14 (1.98–2.30) 1.47 (1.37–1.58) 1.18 (1.10–1.27)

Socioeconomic deprivation (NZDep13) at cohort entry

Quintile 1 1.67 (1.62–1.71) Reference Reference

Quintile 2 1.74 (1.68–1.81) 1.05 (1.01–1.09) 1.00 (0.96–1.03)

Quintile 3 1.74 (1.68–1.81) 1.05 (1.01–1.09) 1.00 (0.96–1.04)

Quintile 4 1.88 (1.82–1.95) 1.13 (1.09–1.17) 1.02 (0.99–1.06)

Quintile 5 2.40 (2.32–2.48) 1.44 (1.39–1.49) 1.07 (1.03–1.11)

District Health Board at cohort entry

Auckland 2.26 (2.20–2.32) Reference Reference

Bay of Plenty 1.80 (1.71–1.90) 0.80 (0.76–0.84) 0.90 (0.86–0.95)

Canterbury 1.68 (1.61–1.75) 0.74 (0.71–0.78) 0.92 (0.88–0.96)

Capital and Coast 1.86 (1.76–1.95) 0.82 (0.78–0.86) 0.86 (0.82–0.91)

Counties Manukau 2.46 (2.38–2.54) 1.09 (1.05–1.12) 1.00 (0.97–1.04)

Hawkes Bay 1.87 (1.77–1.97) 0.83 (0.78–0.87) 0.90 (0.86–0.95)

Hutt 1.85 (1.75–1.97) 0.82 (0.77–0.87) 0.86 (0.81–0.91)

Lakes 2.01 (1.88–2.16) 0.89 (0.83–0.95) 0.92 (0.86–0.99)

MidCentral 1.75 (1.65–1.85) 0.77 (0.73–0.82) 0.92 (0.87–0.98)

Nelson Marlborough 1.59 (1.48–1.71) 0.70 (0.65–0.76) 0.88 (0.82–0.95)

Northland 2.01 (1.91–2.12) 0.89 (0.85–0.94) 0.95 (0.90–1.00)

South Canterbury 1.41 (1.26–1.56) 0.62 (0.56–0.69) 0.84 (0.76–0.94)

Southern 1.44 (1.37–1.52) 0.64 (0.61–0.67) 0.85 (0.81–0.89)

Tairawhiti 2.27 (2.08–2.47) 1.00 (0.92–1.09) 0.95 (0.87–1.03)

Taranaki 1.49 (1.39–1.60) 0.66 (0.61–0.71) 0.83 (0.78–0.89)

Waikato 1.95 (1.86–2.03) 0.86 (0.82–0.90) 0.97 (0.93–1.01)

Wairarapa 1.70 (1.53–1.89) 0.75 (0.68–0.84) 0.94 (0.85–1.04)

Waitemata 2.05 (1.97–2.12) 0.91 (0.87–0.94) 1.01 (0.97–1.04)

West Coast 1.53 (1.33–1.76) 0.68 (0.59–0.78) 0.89 (0.77–1.02)

Whanganui 1.86 (1.72–2.01) 0.82 (0.76–0.89) 0.91 (0.84–0.98)

Charlson Comorbidity Index

0 2.04 (2.02–2.06) Reference Reference

(Continued)
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and findings of studies conducted in other settings [10, 33, 34]. Age and ethnicity are two par-

ticularly important factors to consider. Better adherence and persistence in older people with

T2DM is a common finding in the literature [17, 33–36]. In our study, older age was associated

with a lower risk of discontinuation (both initially and after the first reinitiation) compared

with younger age. However, older age was also associated with a reduced likelihood of reinitia-

tion after the first discontinuation. These findings may reflect differing reasons for discontinu-

ing metformin in older versus younger cohort members and suggest a need for different

approaches to facilitate adherence in younger people with T2DM. This is important given the

Table 3. (Continued)

Person- or healthcare-related factor Rate per 10 person-years (95% CI) Crude rate ratio (95% CI) Adjusted rate ratio� (95% CI)

1 1.59 (1.53–1.64) 0.78 (0.75–0.80) 1.00 (0.96–1.04)

2 1.38 (1.30–1.47) 0.67 (0.63–0.72) 0.97 (0.91–1.04)

�3 1.34 (1.21–1.47) 0.65 (0.59–0.72) 1.02 (0.92–1.12)

History of cardiovascular disease at cohort entry

No 2.17 (2.15–2.19) Reference Reference

Yes 1.37 (1.33–1.40) 0.63 (0.61–0.65) 0.85 (0.82–0.87)

Cancer registration in the year before cohort entry

No 1.98 (1.96–2.00) Reference Reference

Yes 1.50 (1.32–1.71) 0.76 (0.67–0.87) 0.94 (0.82–1.07)

Number of hospitalisations in the year before cohort entry

0 1.98 (1.96–2.01) Reference Reference

1 1.99 (1.94–2.05) 1.00 (0.98–1.03) 1.09 (1.06–1.12)

2–4 1.81 (1.74–1.89) 0.91 (0.88–0.95) 1.10 (1.06–1.15)

5–9 1.80 (1.59–2.03) 0.91 (0.80–1.02) 1.26 (1.12–1.43)

�10 1.58 (1.11–2.25) 0.79 (0.56–1.13) 1.11 (0.78–1.58)

Depression in the 6 months before cohort entry

No 2.00 (1.98–2.02) Reference Reference

Yes 1.69 (1.63–1.75) 0.84 (0.82–0.87) 1.01 (0.98–1.05)

Number of non-diabetic medications in the 6 months before cohort entry

0–1 2.87 (2.81–2.94) Reference Reference

2–3 2.40 (2.33–2.47) 0.83 (0.81–0.86) 0.88 (0.86–0.91)

4–5 2.05 (1.99–2.11) 0.71 (0.69–0.74) 0.81 (0.79–0.84)

6–7 1.71 (1.66–1.77) 0.60 (0.58–0.62) 0.72 (0.69–0.74)

8–9 1.54 (1.48–1.60) 0.54 (0.52–0.56) 0.68 (0.65–0.70)

10–19 1.40 (1.35–1.45) 0.49 (0.47–0.51) 0.64 (0.62–0.67)

�20 1.18 (1.07–1.32) 0.41 (0.37–0.46) 0.57 (0.51–0.64)

Glucose test in the 6 months before cohort entry†

No 2.42 (2.37–2.47) Reference Reference

Yes 1.90 (1.86–1.95) 0.79 (0.77–0.81) 0.90 (0.88–0.93)

Urinary albumin/creatinine ratio test in the 6 months before cohort entry

No 2.01 (1.99–2.03) Reference Reference

Yes 1.92 (1.89–1.96) 0.96 (0.94–0.98) 0.98 (0.96–1.00)

� Adjusted for all other covariates in the table.
† In the New Zealand healthcare system, people can record up to six ethnic groups. For statistical purposes, each individual can be allocated to a single ethnic group

using a prioritisation algorithm [32]. The MELAA group (Middle Eastern, Latin American, African) was included in Other.
‡ Of the 85,066 people included in this analysis, ethnicity was unknown for 3,065, NZDep13 was unknown for 4, and District Health Board was unknown for 9.
§ Record of a laboratory test in the ‘blood glucose’ category (includes HbA1c, fructosamine, glucose tolerance, and serum glucose tests).

https://doi.org/10.1371/journal.pone.0250289.t003
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high levels of discontinuation in the younger age groups (more than half of cohort members

aged< 35 years discontinued metformin monotherapy within 1 year of initiation), the

decreasing age of onset of T2DM in New Zealand [5], and the association between younger

age at onset and poorer outcomes [6].

Ethnicity was also strongly associated with metformin monotherapy discontinuation and

reinitiation. Ethnic groups disproportionately affected by T2DM (Māori, Pacific peoples,

Indian) were more likely to discontinue (both initially and after the first reinitiation) than

other ethnic groups. However, they were also more likely to reinitiate following a discontinua-

tion, which reflects a cyclical pattern of use. These findings are consistent with earlier work

based on the national routine data collections that suggested Māori and Pacific peoples receive

fewer prescriptions for oral hypoglycaemics as a medication class after adjusting for T2DM

disease burden, and are less likely to continue with these medications when they do receive

them [37, 38]. While financial costs have been shown to be a particular barrier for Māori and

Pacific peoples in accessing health services and pharmaceuticals [3, 39], this is unlikely to fully

explain the greater adherence volatility we observed [39]. A systematic review of Māori experi-

ences with the health system, and the contribution of these experiences to health inequities,

has highlighted the patient-clinician relationship and communication as crucial contributors

and has pointed to a range of potential strategies at the clinical and structural level that could

be used to reduce these inequities [40]. Given the increasing disparity in the prevalence of

T2DM in Māori and Pacific populations in particular, our findings are extremely concerning

and point to an urgent need to implement and evaluate the strategies recommended by the

Waitangi Tribunal [41] to reorient health service delivery, particularly in primary care, to

achieve health equity. This is a point of global relevance; the disproportionate impact of T2DM

on indigenous communities and the contribution of health service delivery to inequitable

health outcomes is not limited to New Zealand [1, 40].

A key strength of this study is that it provides a comprehensive, national-level view of the

patterns of discontinuation and reinitiation of the recommended first-line pharmacological

therapy for T2DM. The study cohort was derived from a validated data source, the VDR [21,

23, 24], which excludes women with gestational diabetes and polycystic ovary syndrome (who

might have received treatment with metformin). This, combined with the additional steps we

took to exclude people with type 1 diabetes mellitus, increases the certainty that cohort mem-

bers were dispensed metformin for T2DM. We are also likely to have identified nearly all met-

formin dispensings to cohort members. The cost of the vast majority of medications

commonly used outside of hospitals, such as metformin, is subsidised by the state for all New

Zealand residents [42]. To receive payment for this subsidy, community pharmacies must

claim for it by submitting details of a dispensing, and of the person to whom the medicine was

dispensed, to Pharms. This means that Pharms captures virtually all of the dispensings by com-

munity pharmacies in New Zealand. While we will not have captured metformin dispensings

during hospital admissions or any which occurred during extended overseas stays, this is likely

to have had a negligible impact on our findings; for instance, among cohort members who

were hospitalised during the study period, 95% of hospitalisations were� 14 days in duration

and only 1.5% lasted> 30 days.

As with all medication adherence research that is based on electronic health records, it was

impossible to determine whether, and when, cohort members took the medication they were

dispensed. While this might have resulted in some imprecision in the dates ascribed to the

start and end of gaps in metformin monotherapy use, other research has suggested good con-

cordance between prescription databases and physical pill counts [43], suggesting that the

impact of this on the validity our findings is likely to be small. A further limitation is that we

did not have access to detailed clinical data, including the results of HbA1c tests, so we were
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unable to explore the impact of discontinuations on glycaemic control. Additionally, although

we had some data on health events and health status, there were still gaps meaning that resid-

ual confounding by comorbidity may have still been present.

While this study only assesses dispensing patterns up to 2014, we are confident that pre-

scribing practices are unlikely to have materially changed since then. The guidelines promul-

gated to prescribers for initiating pharmacological therapy for T2DM in New Zealand have

not changed since the study [5]. Another study using slightly more recent dispensing data indi-

cated an increasing trend towards people with T2DM initiating therapy with metformin in

accordance with these guidelines [9].

In conclusion, this national cohort study of new users of metformin monotherapy has

shown that some groups spend substantial periods in a state of discontinuation, or cycle rap-

idly between discontinuation and reinitiation states. These findings highlight the importance

of interventions at the level of individual patients and patient/healthcare provider consulta-

tions, as well as the need to address broader structural factors which act as barriers to long-

term adherence and contribute to inequities in access to medicines and their optimal use.
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M, Wettermark B, Almarsdóttir AB, Andersen M, Benko R, Bennie M, et al., editors. Drug Utilization

Research. Chichester, UK: John Wiley & Sons, Ltd; 2016. pp. 369–380. https://doi.org/10.1002/

9781118949740.ch36

21. Ministry of Health. Virtual Diabetes Register (VDR). 2018 [cited 21 Aug 2020]. Available: https://www.

health.govt.nz/our-work/diseases-and-conditions/diabetes/about-diabetes/virtual-diabetes-register-

vdr. https://doi.org/10.1016/j.diabres.2018.02.028 PMID: 29481818

22. Jo EC, Drury PL. Development of a Virtual diabetes register using information technology in New Zea-

land. Healthc Inform Res. 2015; 21: 49–55. https://doi.org/10.4258/hir.2015.21.1.49 PMID: 25705558

23. Coppell KJ, Mann JI, Williams SM, Jo E, Drury PL, Miller JC, et al. Prevalence of diagnosed and undiag-

nosed diabetes and prediabetes in New Zealand: findings from the 2008/09 Adult Nutrition Survey. N Z

Med J. 2013; 126: 23–42. PMID: 23474511

24. Thornley S, Wright C, Marshall R, Jackson G, Drury PL, Wells S, et al. Can the prevalence of diagnosed

diabetes be estimated from linked national health records? The validity of a method applied in New Zea-

land. J Prim Health Care. 2011; 3: 262–268. https://doi.org/10.1071/hc11262 PMID: 22132378

25. Chan WC, Papaconstantinou D, Lee M, Telfer K, Jo E, Drury PL, et al. Can administrative health utilisa-

tion data provide an accurate diabetes prevalence estimate for a geographical region? Diabetes Res

Clin Pract. 2018; 139: 59–71. https://doi.org/10.1016/j.diabres.2018.02.028 PMID: 29481818

26. Ministry of Health. Pharmaceutical Claims Data Mart data dictionary. 2018 [cited 14 Aug 2018]. Avail-

able: https://www.health.govt.nz/publication/pharmaceutical-claims-data-mart-data-dictionary.
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