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Background: Individuals with type 2 diabetes (T2D) have a twofold increased risk for
cardiovascular events (CVE), and CVE is responsible for nearly 80% of the mortality.
Current treatment guidelines state that individuals should immediately initiate antidiabetic
treatment and cardiovascular risk-factor management from T2D diagnosis. However, the
evidence base is sparse, and randomized trials are unlikely to be conducted. We examined the
impact of being eligible for T2D treatment, as determined by the threshold of HbA . >6.5%
(>48 mmol/mol), on all-cause mortality and CVE. We hypothesised that individuals who
were just above this threshold had a lower risk of CVE and all-cause mortality than
individuals just below.

Methods and Findings: We used the regression discontinuity design (RDD), a quasi-
experimental design, comparing rates of all-cause mortality and CVE in people just below
and just above the eligibility for treatment threshold. We included Danish healthcare records
from 43,070 individuals aged 40-80 years with no previous T2D record and the first record
of HbA,. in the range of 6.0-7.0% (42-53 mmol/mol) between 2006 and 2014. In total,
36,360 individuals had the first record of HbA . between 6.0% and 6.4% (42—47 mmol/mol),
and 6710 individuals had a first record between 6.5% and 7.0% (48-53 mmol/mol).
Individuals with a measurement just above 6.5% (48 mmol/mol) had a 21% lower rate of
death or CVE, compared to those just below (hazard ratio: 0.79 (95% CI 0.69-0.90)). Few
individuals received early metformin treatment. However, the chance of metformin treatment
initiation within 3 months was substantially higher for individuals with an HbA . measure-
ment above (14%) than below (1%) the threshold.

Conclusion: Individuals with first record of HbA . measure just above treatment threshold
experienced a 21% lower rate of death or CVE than those just below. Lifestyle modifications
and cardiovascular risk-factor management may contribute to this reduced rate.

Keywords: type 2 diabetes, glycated hemoglobin Alc, regression discontinuity design,
cardiovascular event, mortality

Introduction

Individuals with type 2 diabetes have a twofold increased risk for cardiovascular events
(CVE), and CVE is responsible for nearly 80% of the mortality in type 2 diabetes
patients.'* Current international treatment guidelines state that patients with type 2
diabetes should immediately initiate lifestyle modifications and be treated with metfor-
min therapy (if tolerated) and cardiovascular risk-factor management from the time of
first type 2 diabetes diagnosis, which since 2012 has been based on either plasma glucose
or hemoglobin Alc (HbA,.) criteria.* The rationale of early glucose-lowering

submit your manuscript

Dove “

http:

in 3

Clinical Epidemiology 2020:12 569-577 569

© 2020 Petersen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

o php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0037-7524
http://orcid.org/0000-0002-4473-7691
http://orcid.org/0000-0002-6235-9866
http://orcid.org/0000-0001-9135-3474
http://orcid.org/0000-0003-4314-2570
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Petersen et al

Dove

intervention is to hinder later micro- and macrovascular com-
plications and mortality associated with hyperglycemia.’
However, randomized trial evidence for the effectiveness of
the early aggressive intervention in newly diagnosed type 2
diabetes patients on CVE and death is sparse.>® The evidence
for early metformin treatment mainly stems from a small
subgroup of overweight patients in the UK Prediction
Diabetes Study, in which metformin-treated patients had
a 30% reduction of macrovascular complications and 36%
reduced all-cause mortality.” Likewise, the evidence for multi-
factorial risk-factor management mainly stems from patients
with long-standing type 2 diabetes.® Additional randomized
controlled trials (RCTs) providing better evidence for initial
type 2 diabetes treatment are unlikely to be done. To gain
further insight into the effectiveness of early treatment in
newly diagnosed type 2 diabetes patients, we rely on evidence
based on data from clinical practice.® However, in clinical
practice, it is often a challenge to identify patient groups that
are directly comparable as in an RCT. We, therefore, used
a novel method in observational medical research, the regres-
sion discontinuity design (RDD) which is a quasi-
experimental design comparing rates of an event in people
just below and people just above a specific treatment
threshold.”!! The idea of the RDD, in the context of this
study, is that individuals who are just below or just above
the threshold for being eligible for type 2 diabetes treatment,
ie, HbA . >6.5% (>48 mmol/mol), are in reality very similar.
Therefore, we used the RDD to estimate the effect of type 2
diabetes treatment eligibility on all-cause mortality and CVE.

Methods

Data Sources

We used population-based registry data from the Central
Denmark Region and the North Denmark Region. The
population is around 1.8 million, which corresponds to
approximately 30% of the total Danish population. The
registries include data from the clinical laboratory infor-
mation system (LABKA), the Danish National Patient
Registry, the Aarhus University Prescription Database
(AUPD) and the Danish Civil Registration System. All
data sources can be linked via a personal identifier, the
CPR number.

LABKA includes biochemistry data from every blood
sample analyzed in clinical chemistry department labora-
tories in the two regions. Data have been kept in the com-
puterized laboratory databases since 1997. The databases
cover data from hospitals as well as general practitioners

and include results from HbA,., measurements.'> Every
measurement is recorded according to the Nomenclature
for Properties and Units (NPU) clinical laboratory terminol-
ogy and includes information on the date of analysis, the
NPU code, the component, the result and unit of analysis.

The Danish National Patient Registry includes infor-
mation on outcomes and comorbidities.> This registry
contains data on dates of admission and discharge from
all Danish non-psychiatric hospitals since 1977 and from
emergency room and outpatient clinic visits since 1995.
Each hospital discharge or outpatient visit is recorded in
the registry with one primary diagnosis and potentially
several secondary diagnoses classified according to the
International Classification of Diseases (ICD-10).

Since 1998, the AUPD has recorded data on reimbursed
prescriptions dispensed at all community pharmacies of the
Central Denmark Region and the North Denmark Region. '
Pharmacies are equipped with electronic accounting sys-
tems primarily used to secure reimbursement from the
National Health Service. The registry includes prescriber
identifier, the product number, number of tablets and
packages dispensed, ATC code, volume, package name,
active substance, dosage, and date of dispensing.

The Danish Civil Registration System has recorded all
changes in vital status and migration for the entire Danish
population since 1968, with daily electronic updates.'>

The Regression Discontinuity Design

The RDD has been widely used since the 1960s in econo-
metrics, social sciences and politics,'*™'® but it has rarely
been applied in medical and epidemiological research.’ !
The design relies on the assumption that the threshold acts
as a randomizing device for individuals close to the thresh-
old, ie, those just below and those just above the threshold
are similar. In our study, we used the RDD to examine the
effect of being eligible for type 2 diabetes treatment as
determined by the threshold rule HbA;. >6.5% (>48
mmol/mol) on all-cause mortality and CVE. According
to official clinical guidelines, an individual is assigned to
a treatment group (treatment vs no treatment) based on an
HbA ;. measurement under the influence of measurement
errors and various other factors that can potentially result
in small changes from the actual to the measured value.
Given these circumstances, one can ask if an individual
whose HbA ;. was measured to be 47 mmol/mol is much
different from an individual whose value was measured to
be 48 mmol/mol? Treatment guidelines, however, will
treat these two individuals very differently, which is what
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the RDD utilizes as the pseudo-random treatment alloca-
tion. As the threshold only acts as a randomizing device
for individuals close to the threshold, the RDD estimates
the local effect of being eligible for treatment. It is
a balancing act to only include patients close to the thresh-
old, but also to include enough patients to ensure statistical
power and to include data points for the regression model.

If the threshold is strictly adhered to when assigning
treatment (treatment probability is either 0 (below) or 1
(above the threshold)), the RDD is termed sharp and we
can easily estimate a causal effect of treatment. In most
situations, however, this is not the case, ie, there are
individuals above the threshold who are untreated and
vice versa and the design is termed fizzy.”'' In a fuzzy
design, a simple RDD analysis is equivalent to an inten-
tion-to-treat analysis.”""

For the RDD to provide valid estimates, the decision rule
for treatment and cut-off value should be known.'' In the
context of this study, from 2012 and onwards, patients have
been eligible for type 2 diabetes treatment, be it initiation of
lifestyle modification and metformin treatment, if they had an
HbA . of >6.5% (>48 mmol/mol). Before 2012, a type 2
diabetes diagnosis was based on plasma glucose criteria rather
than on any measured HbA . values per se. However, at least,
since 2006, American Diabetes
Association for the Study of Diabetes consensus recommenda-

Association/European

tions have stipulated initiation of both metformin and lifestyle
intervention immediately after type 2 diabetes diagnosis, and
to aim for an HbA . level of <6.5% (<48 mmol/mol) in most
people with newly diagnosed type 2 diabetes.'”

Study Population

For this study, we included individuals aged 40—80 years
with a first record of HbA . measurement in the range of
5.8-7.3% (40-56 mmol/mol) in the period during
20062014 and who had lived in the region for at least
1 year prior to the time of the measurement. As we detail
below, our primary analyses were focused on those with
HbA ;. measurements values within 6.0-7.0% (42-53
mmol/mol).

Follow-up started at the time of the initial HbA,,
measurement and everyone was followed until the first
occurrence of CVE, death, or end of the study period
(December 2014). We included information on date of
birth, gender, information on hospitalization and hospital
diagnoses prior to the first record of HbA,. measure-
ment, and dispensed prescriptions, including antibiotics,
antihypertensives, statins and antidepressants, within

1 year prior to the first record of HbA . measurement.
We excluded individuals who were lost to follow-up
during the study period. Patients with a previous hospital
diagnosis of type 1 diabetes or type 2 diabetes and
individuals who were treated with metformin or other
glucose-lowering drugs prior to the initial HbA;. mea-
surement were also excluded. In addition, we excluded
individuals who experienced CVE before the initial
HbA . measurement.

Outcomes

Our primary outcome was a composite of all-cause mortality
and CVE (myocardial infarction or stroke). All-cause mor-
tality and CVE were also evaluated separately. Myocardial
infarction and stroke were defined as inpatient or outpatient
first-time diagnoses in the Danish National Patient Registry
(see Table S1 supplemental data for codes), and all-cause

mortality was obtained from the Danish Civil Registration
System.

Analyses

We performed a number of descriptive analyses and plots to
ascertain that our data met the basic assumptions for the
RDD as described by Moscoe et al.'' 1) By plotting fre-
quency and values of the HbA;. measurements in
a histogram, we assessed whether HbA,. was measured
and reported continuously. This is to ensure that neither
patients nor doctors have been able to deliberately change
the value of the measurement and hereby change treatment
allocation group. 2) We tabulated the distribution of covari-
ates to show that they were not discontinuous at the thresh-
old and to confirm that individuals whose measurement was
just below the threshold for treatment initiation and indivi-
duals just above were similar (exchangeable) at the time of
the initial measurement, as is also the case in RCTs.

In our primary analyses, our focus was on those with
HbA,. values within 6.0-7.0% (42—-53 mmol/mol) with
pre-specified guideline threshold of 6.5% (48 mmol/mol).
However, we also report results from the broader and the
narrower ranges to evaluate the sensitivity of the results in
the choice of the bandwidth. We also stratified our ana-
lyses on sex, age and calendar time (early (2006-2011)
and late (2012-2014)), and finally, we adjusted our pri-
mary analyses for diuretics, antihypertensives and year.

In order to ensure our findings, using the pre-specified
guideline threshold of 6.5% (48 mmol/mol), were not just
due to chance, we conducted supportive analyses. We
sought to evaluate whether we would observe a jump
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(discontinuity) for other values of HbA;. and therefore
repeated our analysis for a threshold of 6.0% (42 mmol/
mol) and 7.0% (53 mmol/mol), respectively.

We examined the effect of diabetes treatment eligibility
on all-cause mortality and CVE in a Cox regression model
with the following parameterization of the hazard function /:

log(h(Y|Z)) = o + P1(Z — ) + Pr1(2<¢)
+B5(Z — )1z

where Z denotes the vector of HbA . values, Y the vector
containing the outcomes, ¢ the threshold (6.5% (48 mmol/
mol)), 3, is the trend of the line below the threshold, 3, +
P5 1s the trend of the line above the threshold, and 3, is the
difference at the threshold, ie, the estimator of the inten-
tion-to-treat. We inspected the plot of the fitted hazard
function from this model against the initial HbA ., mea-
surement to visually confirm the discontinuity at the
threshold. A visible jump at the threshold indicates a non-
zero treatment effect, whereas continuity at the threshold
indicates a null effect, ie, , = 0. The local effects were
estimated for the three above-mentioned HbA . ranges.

All analyses were conducted using SAS version 9.4
(SAS Institute Inc., Cary, NC).

The study was approved by the Danish Data Protection
Agency (record number: KEA-2015-4).

Results

In total, 717,449 individuals in the Central Denmark Region
and the North Denmark Region had a first record of HbA
in the period between 2006 and 2014. Of the total

population, 290,333 met the inclusion criteria. HbA ;. was
measured and reported continuously and there was no evi-
dence that patients nor doctors have changed treatment
allocation around the threshold (Figure 1). Among these,
43,070 had a first record of HbA;. within the range of
6.0-7.0% (42-53 mmol/mol), 36,360 (84%) individuals
had an HbA . below the recommended threshold for treat-
ment, 6.0-6.4% (42—47 mmol/mol) and 6710 (16%) had an
HbA,. above the threshold, 6.5-7.0% (48-53 mmol/mol)
(Table 1). The median age was similar among individuals
below and above the threshold (63 years), but the sex ratio
differed slightly with 52% women below the threshold and
48% women above the threshold (Table 1). The standardized
differences indicate a high degree of comparability between
individuals below and above the threshold on prescribing of
statins, NSAIDS, glucocorticoids, antidepressants, antibio-
tics and antiplatelets (Table 1). However, there were some
differences for individuals receiving diuretic and antihyper-
tensive treatment (Table 1).

The differences were larger when choosing a broader
range of HbA;. and became smaller when choosing
a narrower range of HbA,. (Table S2 supplemental data).

These patterns were similar when we stratified the sam-
ple on men and women, calendar periods and those aged
below and above 60 years (Tables S3—S8 supplemental
data).

The median follow-up for all-cause mortality or CVE
was 4.06 (IQR 2.18-6.69) years among those with an
HbA,. of 6.0-6.4% (42—47 mmol/mol), and 5.18 (IQR
2.61-7.33) years for those with an HbA. of 6.5-7.0%
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HbA . in %) and 2013-2014 (C and D, HbA . in mmol/mol). Histograms show continuity of HbA,. test results around the threshold of 6.5% (48 mmol/mol) (vertical red
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Table | Characteristics of Individuals Within HbA,. Ranges Just Below versus Just Above the 6.5% (48 mmol/mol) Threshold for

Treatment Initiation, 20062014

HbA . Range
6.0-6.4% (42-47 mmol/mol) 6.5-7.0% (48-53 mmol/mol) Standardized Difference

Total 36,360 6710
Treated with metformin within 3 months | 484 (1.3%) 921 (13.7%) —0.48
Female 18,916 (52.0%) 3221 (48.0%) 0.08
Median age at diagnosis (Q1;Q3) 62.9 (55.1;70.2) 63.0 (54.9;70.5) —-0.02
Comorbidities

Chronic pulmonary disease® 1634 (4.5%) 422 (6.3%) —0.08

Moderate to severe renal disease® 243 (0.7%) 61 (0.9%) —0.03

Obesity® 1246 (3.4%) 332 (4.9%) —0.08

Any cancer® 1847 (5.1%) 393 (5.9%) —0.03

Any liver disease® 163 (0.4%) 54 (0.8%) —0.05
Charlson comorbidity index score®

0 30,522 (83.9%) 5372 (80.1%) 0.10

1-2 4988 (13.7%) 1112 (16.6%) —0.08

3+ 850 (2.3%) 226 (3.4%) —0.06
Prescriptions®

Statins 8847 (24.3%) 1660 (24.7%) —0.01

NSAIDS 9618 (26.5%) 1915 (28.5%) —0.05

Glucocorticoids 2950 (8.1%) 716 (10.7%) —0.09

Diuretics 8844 (24.3%) 2144 (32.0%) —-0.17

Antidepressants 5135 (14.1%) 1071 (16.0%) —0.05

Antibiotics 12,407 (34.1%) 2448 (36.5%) —0.05

Any antihypertensives 16,981 (46.7%) 3608 (53.8%) —0.14

Antiplatelets 6769 (18.6%) 1471 (21.9%) —0.08

Notes: *Last 5 years prior to initial measurement. °Last 10 years prior to initial measurement. “Last 5 years prior to initial measurement. Diabetes has been omitted from

the Charlson comorbidity index score. 9Last year prior to the initial measurement
Abbreviation: HbA,., hemoglobin Alc.

(48-53 mmol/mol), event rates were, in general, more
frequent among individuals with a first record of HbA
measurement above the threshold than among those
below the threshold. Thus, there were 27.5 (95% CI
26.7-28.3) events per 1000 person-years in those with
an HbA;. of 6.0-6.4% (42-47 mmol/mol) and 37.2
(95% CI 35.1-39.3) events per 1000 person-years in
those with an HbA;. of 6.5-7.0% (48-53 mmol/mol).
However, when looking only at the threshold, there was
a discontinuity (Figure 2) and individuals with a first
record of HbA;., measurement just above the threshold
show a 21% lower rate of death or CVE than those just
below the threshold (Hazard ratio (HR) 0.79 (95% CI
0.69-0.90)) (Table 2). The estimates were similar after
adjustment for diuretic, treatment
and year (Table 2).

Narrowing the overall range of HbA;. to 6.2-6.8%

antihypertensive

(44-51 mmol/mol) provided similar results, but reduced

the precision of the estimates as the sample was smaller
(Table S9 supplemental data).

The analyses stratified on calendar time provided simi-
lar estimates as the overall results (Table 2). The analyses
stratified on men and women suggested a larger positive
effect for women (HR 0.73 (0.60-0.89)) than for men (HR
0.83 (0.69-0.99)) of being just above the threshold for
type 2 diabetes treatment (Table 2). The analyses stratified
on age below and above 60 years suggested that there was
no effect in those below the age of 60, but a 22% reduction
in those aged above 60 (HR 0.78 (0.68-0.91)) (Table 2).

Sensitivity Analyses

In our first sensitivity analysis, we limited the sample and
only followed individuals from when they had HbA |, mea-
surements above 5.5% (37 mmol/mol) and repeated our
analyses. The rate of death or CVE was similar to our
original results when comparing those with an HbA,. of

Clinical Epidemiology 2020:12
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the red line. The range used for the primary analysis (6.0% (42 mmol/mol) to 7.0% (53 mmol/mol)) is indicated by dashed lines. The figure shows the regression discontinuity

above the threshold (blue line) and below the threshold (green line).

6.0-6.4% (42—47 mmol/mol) and 6.5-7.0% (48-53 mmol/
mol) (HR 0.81 (95% C10.71-0.92), N=44,846). As Figure 2
revealed that individuals with an HbA . of 6.4% (47 mmol/
mol) had high rates of the outcome, we conducted an
analysis excluding individuals (n=266) with an HbA,, of
6.4% (47 mmol/mol) and found this had minimal impact on
the overall results.

When moving the threshold to 6.0% (42 mmol/mol),
we observed no discontinuity when comparing those just
below and those above (HR 1.02 (95% CI 0.95; 1.09))

(Tables S10-S11 supplemental data) When moving the
threshold to 7.0% (53 mmol/mol), we saw a slight
discontinuity (HR 0.86 (0.70; 1.06)) (Tables S12-S13
supplemental data).

Metformin

Since guidelines recommend initiation of metformin treat-
ment when the HbA . value exceeds 6.5% (48 mmol/mol),
we evaluated the treatment threshold rule by plotting the
initial HbA. measurement against the probability of

Table 2 Hazard Ratios of All-Cause Mortality, Cardiovascular Events and Composite Endpoint Associated with HbA,. 26.5% (248
mmol/mol), Overall and Stratified Analysis. The Reference Group Is HbA . <6.5% (<48 mmol/mol)

Strata All-Cause Mortality Cardiovascular Event All-Cause Mortality or Cardiovascular Sample
HR (95% CI) HR (95% CI) Event HR (95% CI) Size
All 0.73 (0.63; 0.85) 0.95 (0.76; 1.20) 0.79 (0.69; 0.90) 43,070
All, adjusted® 0.74 (0.64; 0.86) 0.97 (0.77; 1.22) 0.80 (0.70; 0.91) 43,070
2006-201 | 0.76 (0.65; 0.89) 0.97 (0.75; 1.24) 0.81 (0.70; 0.93) 29,664
2012-2014 0.66 (0.43; 1.02) 0.93 (0.48; 1.77) 0.78 (0.54; 1.12) 13,406
Women 0.68 (0.55; 0.85) 0.79 (0.55; 1.15) 0.73 (0.60; 0.89) 22,137
Men 0.77 (0.62; 0.94) 1.08 (0.80; 1.45) 0.83 (0.69; 0.99) 20,933
Age <60y 0.72 (0.48; 1.06) 1.52 (0.95; 2.43) 0.99 (0.73; 1.35) 17,074
Age 260y 0.77 (0.66; 0.91) 0.86 (0.65; 1.12) 0.78 (0.68; 0.91) 25,996

Notes: *Adjusted for diuretic, antihypertensive treatments and year.
Abbreviation: HbA,., hemoglobin Alc.
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metformin treatment initiation within 1 and 3 months,
respectively, of the date of the HbA;. measurement
(Figure S1 supplemental data). The probability of early

metformin treatment initiation was higher for patients
above the threshold. However, only 921 individuals
(14%) above the threshold (6.5-7.0% (48—53 mmol/mol))
and 484 individuals (1%) below the threshold (6.0-6.4%
(42—47 mmol/mol)) initiated metformin treatment within 3
months after their initial HbA . record.

Discussion

In this study, we demonstrated the impact of being eligible
for type 2 diabetes treatment on all-cause mortality and CVE
in everyday clinical practice. We found that individuals just
above the treatment threshold had a 21% lower rate of death
or CVE than those just below the threshold (HR 0.79 (95%
CI 0.69-0.90)). The positive effect of being eligible for
treatment was slightly larger for women (HR 0.73 (0.60—
0.89)) than for men (HR 0.83 (0.69-0.99)), but no effect was
observed in those aged below 60 years. Relatively few indi-
viduals (14%) received metformin treatment within 3 months
of their first record of HbA ;. measurement above the thresh-
old, and the beneficial effect associated with being just above
versus just below the treatment threshold is thus unlikely to
be mediated by metformin treatment initiation alone.

For many years, type 2 diabetes guidelines have empha-
sized immediate lifestyle modifications, including physical
activity, healthy diet and weight loss, when type 2 diabetes
is first diagnosed, with metformin therapy (if tolerated) as
a first-line glucose-lowering pharmacological treatment in
most individuals started immediately at or soon after diagno-
sis. Usually, this is combined with aggressive cardiovascular
risk-factor management against hypertension, dyslipidemia,
and platelet aggregation. While such multifactorial inter-
vention has been shown to reduce CVE and mortality in
patients with long-standing type 2 diabetes,® the effectiveness
of the early intervention on subsequent cardiovascular out-
comes in newly diagnosed type 2 diabetes patients has been
less clear.”°

It is well known that glucose levels under the current
diagnostic threshold (ie, prediabetes, corresponding to
HbA,. 6.0-6.4% (42-47 mmol/mol)) are also associated
with increased risk of CVE.* This is likely related to patho-
physiological processes accompanying type 2 diabetes that
have often been present for several years before diagnosis of
manifest type 2 diabetes.”*?' Vistisen et al recently showed
that CVE and mortality rates were 37% to 54% increased
with prediabetes (HbA;. 6.0-6.4% or 5.7-6.4%) versus

normoglycemia, and that two-thirds of this excess risk were
explained by clustering of cardiometabolic risk factors such
as smoking, lipids, and high blood pressure in people with
prediabetes.** This supports our suggestions that multifactor-
ial type 2 diabetes treatment in people reaching an HbA . of
just above 6.5% (48 mmol/mol) may indeed lower the risk of
CVE and death in this population. Our finding that being
eligible for treatment had a slightly larger positive effect
among women than men is in contrast to previous research
on sex differences in type 2 diabetes.”*** Thus, Arnezt et al
concluded that, in general, women with type 2 diabetes have
higher morbidity and cardiovascular mortality than men.*?
Yet, they also emphasized a need for further research
designed specifically to evaluate sex differences in the effec-
tiveness and outcome of the available treatments.*

Clinical Relevance

Our study suggests that early treatment in newly diagnosed
type 2 diabetes substantially reduces the risk of cardiovascular
events and all-cause mortality. Since only one in seven indivi-
duals started metformin soon after becoming eligible for type 2
diabetes treatment, the prognostic benefits from “crossing the
line” from prediabetes to HbAlc-defined diabetes cannot be
attributed to the initiation of metformin alone, but rather multi-
factorial interventions. Our study thus supports current guide-
lines of prompt treatment intervention from the time of first
type 2 diabetes diagnosis, with lifestyle counselling, aggressive
cardiovascular risk-factor management, and glucose-lowering
therapy. Our results also raise the possibility that individuals
with prediabetes, ie, those who have an HbA ¢ just under the
diabetes diagnostic threshold, currently receive too little clin-
ical attention. Finally, reaching the threshold for being eligible
for treatment may also have an impact on individual suscept-
ibility to treatment and lifestyle modifications. Thus, there may
be a “gosh my HbA . is too high” effect leading to the realiza-
tion that changes are needed to improve health.

Strengths and Limitations

To our knowledge, this is the first time that the RDD has
been applied to Danish healthcare data. One of the key
strength of using data from a tax-supported, universal
healthcare system is that the study is not subject to selec-
tion biases stemming from selective inclusion of specific
hospital, health insurance systems, or age groups.

In this study, we examined the effect of diabetes treatment
eligibility. We also considered to evaluate the causal effect of
metformin treatment initiation on all-cause mortality and
CVE. To estimate this effect, it is necessary to scale the effect
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of diabetes treatment eligibility by the difference in the
probability of metformin treatment at the threshold.
However, since only one in seven of the individuals above
the treatment threshold initiated metformin treatment within
3 months, we were not able to provide reliable estimates of
the causal effect of metformin treatment on all-cause death
and CVE. In addition, as glucose-lowering pharmacological
treatment may often be combined with other cardiovascular
risk-factor management,” > we would not have been able to
distinguish the effect of each of these components.

Our supportive analysis confirmed that there was no
discontinuity in the risk of mortality or CVE when we
selected thresholds of 6% (42 mmol/mol). This may help
to reassure us that the observed discontinuity at 6.5% (>48
mmol/mol) is due to clinical intervention and not just due
to chance. On the other hand, our results suggest that there
might also be a slight discontinuity at 7% (53 mmol/mol).
Perhaps due to the fact that the 7% (53 mmol/mol) thresh-
old has been an important, pragmatic glucose-lowering
treatment target for type 2 diabetes patients in the earlier
part of our study period, this threshold may also have
served as a pragmatic cutoff value among many clinicians
to initiate more intensive diabetes therapy.

If the test results are near the threshold for diabetes diag-
nosis, guidelines recommend the health care professionals to
follow the patient closely and repeat the test in 3—6 months
either by HbA,. or alternative tests (an abnormal fasting
plasma glucose or 2-hrs plasma glucose) to confirm the dia-
betes diagnosis.* However, using repeated measurements to
verify a patient’s diabetes status will violate the RDD assump-
tion of random allocation of measurements around the diag-
nostic threshold. We, therefore, had to rely on one HbA . test in
our analysis. Given the chronic progressive nature of predia-
betes/type 2 diabetes, it is likely that few individuals in our
study who initially were below the HbA . threshold would
“cross the line” shortly after their first measurement and
become eligible for treatment. Thus, our study may under-
estimate the actual effects of being eligible for type 2 diabetes
treatment, but not changing our conclusions.

Conclusion

Individuals eligible for type 2 diabetes treatment as determined
by the diagnostic threshold rule HbA;. >6.5% (>48 mmol/
mol) experienced a 21% lower rate of death or CVE compared
to those just below the threshold. Less than one in seven
patients initiated metformin treatment within 3 months.
Therefore, other factors, including lifestyle modifications and
more aggressive cardiovascular risk-factor control following

the recording of an HbA;, >6.5% (>48 mmol/mol), may
contribute to this reduced rate of death and CVE.
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