
BRIEF REPORT

Correlation Between Time in Range and HbA1c
in People with Type 2 Diabetes on Basal Insulin: Post
Hoc Analysis of the SWITCH PRO Study

Ronald M. Goldenberg . Vanita R. Aroda . Liana K. Billings .

Anders Meller Donatsky . Marie Frederiksen . David C. Klonoff .

Balamurali Kalyanam . Richard M. Bergenstal

Received: January 19, 2023 /Accepted: February 16, 2023 / Published online: March 11, 2023
� The Author(s) 2023

ABSTRACT

Introduction: Use of continuous glucose mon-
itoring (CGM) in people with diabetes may
provide a more complete picture of glycemic
control than glycated hemoglobin (HbA1c)
measurements, which do not capture day-to-
day fluctuations in blood glucose levels. The
randomized, crossover, phase IV SWITCH PRO
study assessed time in range (TIR), derived from
CGM, following treatment with insulin deglu-
dec or insulin glargine U100 in patients with
type 2 diabetes at risk for hypoglycemia. This
post hoc analysis evaluated the relationship

between TIR and HbA1c, following treatment
intensification during the SWITCH PRO study.
Methods: Correlationbetweenabsolute values for
TIR (assessed over 2-week intervals) and HbA1c, at
baseline and at the end of maintenance period 1
(M1; week 18) or maintenance period 2
(M2; week 36), were assessed by linear regression
andusing the Spearmancorrelationcoefficient (rs).
Thesemethods were also used to assess correlation
between change in TIR and change inHbA1c from
baseline to the end of M1, both in the full cohort
and in subgroups stratified by baseline median
HbA1c (C 7.5% [C 58.5 mmol/mol] or\7.5%
[\58.5 mmol/mol]).
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Results: A total of 419 participants were inclu-
ded in the analysis. A moderate inverse linear
correlation was observed between TIR and
HbA1c at baseline (rs -0.54), becoming stronger
following treatment intensification during
maintenance periods M1 (weeks 17–18:
rs -0.59) and M2 (weeks 35–36: rs -0.60).
Changes in TIR and HbA1c from baseline to end
of M1 were also linearly inversely correlated in
the full cohort (rs –0.40) and the subgroup with
baseline HbA1c C 7.5% (rs -0.43). This was less
apparent in the subgroup with baseline
HbA1c\ 7.5% (rs -0.17) (p-interaction = 0.07).
Conclusion: Results from this post hoc analysis
of data from SWITCH PRO, one of the first large
interventional clinical studies to use TIR as the
primary outcome, further support TIR as a valid
clinical indicator of glycemic control.
Trial registration: ClinicalTrials.gov identifier,
NCT03687827.

Keywords: Professional CGM; Long-acting
basal insulin; Type 2 diabetes; Basal insulins;
Insulin analogs; Insulin treatment

Key Summary Points

Why carry out this study?

The use of continuous glucose monitoring
(CGM) in people with diabetes, enabling
measurement of time in the target
glycemic range (TIR), may provide a more
complete picture of glycemic control than
glycated hemoglobin (HbA1c)
measurements alone.

There are limited data on the relationship
between TIR and HbA1c during treatment,
and on the value of TIR as an additional
metric for the assessment of glycemic
control.

The current post hoc analysis evaluated
the correlation between TIR and HbA1c,
and also between change in TIR and
change in HbA1c, during the randomized,
crossover, phase IV SWITCH PRO study,
following treatment with insulin degludec
or insulin glargine U100 in basal insulin-
treated patients with type 2 diabetes at
risk for hypoglycemia.

What was learned from the study?

Inverse linear correlations were observed
between TIR and HbA1c (greater TIR being
associated with lower HbA1c), with the
strongest correlation following treatment
intensification. Changes from baseline in
TIR and HbA1c, following treatment
intensification, were also inversely
linearly correlated (increases in TIR
associated with reductions in HbA1c) in
the full cohort and in participants with
HbA1c C 7.5% at baseline, although a
correlation was less apparent in
participants with HbA1c\ 7.5% at
baseline.

Despite these clear correlations, there was
a wide scatter of data, indicating that TIR
(and other metrics) provides information
about glycemic control that cannot be
discerned from HbA1c alone, and which
at least complements it. These results,
therefore, support the role of TIR as a
metric of glycemic control that may
benefit people with diabetes (and their
healthcare providers) in disease
management.
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INTRODUCTION

Clinical trials in diabetes have traditionally
assessed glycated hemoglobin (HbA1c) as the
primary efficacy outcome to determine treat-
ment-related changes in glycemic control.
HbA1c readings provide an indication of gly-
cemic control over the preceding 3 months, but
do not capture day-to-day fluctuations of blood
glucose levels in people with diabetes [1]. For this
reason, two people with the same HbA1c mea-
surements could have quite different glucose
profiles [2]. The use of continuous glucose
monitoring (CGM) to continuously measure
glucose levels in the interstitial fluid has made it
possible to determine time in range (TIR), time
above range (TAR), and time below range (TBR),
all expressed as the percentage of time spent
within the respective ranges [3]. CGM metrics
may, therefore, provide a more comprehensive
picture of glycemic control than HbA1c alone,
reflecting daily changes in glucose levels [1, 3, 4].

Evidence suggests that, like HbA1c, TIR is
also associated with diabetes-related complica-
tions, with a greater TIR correlating with fewer
microvascular and macrovascular complications
[3–5]. To date, however, there have been limited
diabetes therapeutic trials utilizing TIR as the
primary outcome, and thus there are limited
data on how closely TIR tracks and compares
with HbA1c changes during treatment, and
whether this metric offers additional discrimi-
nation or insight in assessing pharmacologic
treatments compared with HbA1c.

The randomized, crossover, phase IV SWITCH
PRO trial compared the effect of insulin degludec
(degludec) versus insulin glargine U100
(IGlar U100), in patients with type 2 diabetes
(T2D), on glycemic control as assessed by TIR as
the primary outcome. SWITCHPROwas a follow-
up study to the SWITCH 2 trial, which also com-
pared these two insulins using a similar design [6].
With the addition of blinded professional CGM,
the aim of SWITCH PRO was to specifically char-
acterize time spent in different glycemic ranges.
The results of SWITCH PRO demonstrated supe-
riority of degludec over glargine U100 for TIR
(70–180 mg/dl [3.9–10.0 mmol/l]) [7]. More time
spent inanarrowerglycemic range (70–140 mg/dl

[3.9–7.8 mmol/l]) and less nocturnal time below
range were also seen with degludec versus
IGlar U100 [7]. To better understandhowwell the
emerging TIR metric compares with the tradi-
tional metric of HbA1c in assessing therapeutic
interventions, we undertook this post hoc analy-
sis to evaluate the correlation between TIR and
HbA1c, and also between change in TIR and
change in HbA1c, during the SWITCH PRO trial.

METHODS

The design of the SWITCH PRO trial (Clini-
calTrials.gov identifier: NCT03687827) has been
reported previously [7]. Briefly, basal insulin-
treated patients with T2D and at least one risk
factor for hypoglycemia were treated with
degludec or glargine U100 during a 16-week
titration and 2-week maintenance phase, then
crossed over to the other treatment for the same
time periods (Fig. 1). During the titration per-
iod, insulin dose was adjusted once weekly
based on pre-breakfast self-monitored blood
glucose and investigator discretion, to a blood
glucose target of 70–90 mg/dl (3.9–5.0 mmol/l).

Glucose was evaluated using blinded profes-
sional CGM, using the Abbott Freestyle Libre Pro
system (Abbott Laboratories, Chicago, IL, USA),
which consisted of a sensor applied to the par-
ticipant’s arm and a reader (set for date, time, and
target glucose range) for data upload [8]. Glucose
levels were collected every 15 min from intersti-
tial fluid during the 2-week run-in period and
maintenance periods, and were not visible to the
participants or investigators until after each CGM
period. TIR was defined as the percentage of time
spent in the glycemic range of 70–180 mg/dl
(3.9–10.0 mmol/l), in line with the International
Consensus on Time in Range [3], during the
2-week run-in period (weeks -2 and -1) and the
2-week maintenance periods (M1 [weeks 17 and
18] and M2 [weeks 35 and 36]).

All pre-specified endpoint analyses in
SWITCH PRO were performed on a final analy-
sis set (n = 448) comprising participants
remaining on the assigned treatment and
completing C 70% of 2 weeks of CGM mea-
surements (as recommended) [3] in each main-
tenance period (M1 and M2). Of these,

Diabetes Ther (2023) 14:915–924 917



419 participants also had C 70% of 2 weeks of
CGM measurements during the 2-week run-in
(baseline) period. SWITCH PRO was conducted
in accordance with ethical principles derived
from international guidelines across 67 sites in
five countries (USA, Canada, Poland, South
Africa, and Slovakia) between 2 October 2018
and 27 December 2019 [7]. All participants gave
their written informed consent prior to inclu-
sion in the study.

Prior to initiation of the SWITCH PRO study,
the protocol, consent form, and subject infor-
mation sheet were reviewed and approved
according to local regulations by both the
appropriate health authorities and by an inde-
pendent ethics committee (IEC) and/or institu-
tional review board (IRB). A list of the IECs/IRBs
is provided in Electronic Supplementary Mate-
rial (ESM) Table S1. The SWITCH PRO study was
conducted in accordance with ethical principles
derived from international guidelines, includ-
ing the Declaration of Helsinki [9] and the

International Conference on Harmonisation
(ICH) Good Clinical Practice [10].

In the current post hoc analysis, the correla-
tion between absolute values for TIR and HbA1c
at baseline and at the end of M1 (week 18) and
M2 (week 36) was assessed through linear regres-
sion models and using the Spearman correlation
coefficient (rs). Regression models and rs were also
used to assess the correlation between change
in TIR and change in HbA1c from baseline
to the end of M1 (week 18) in the full cohort
and in subgroups stratified by baseline median
HbA1c (C 7.5% [C 58.5 mmol/mol] or\7.5%
[\58.5 mmol/mol]).

RESULTS

Baseline characteristics were generally similar
between the full cohort (n = 419) and baseline
HbA1c subgroups (C 7.5% [C 58.5 mmol/mol;
n = 212] or\7.5% [\58.5 mmol/mol; n = 207])
(Table 1).

Fig. 1 SWITCH PRO study design. CGM Continuous
glucose monitoring (FreeStyle Libre Pro; Abbott Labora-
tories, Chicago, IL, USA), Degludec insulin degludec
100 U/ml, Glargine U100 insulin glargine 100 U/ml, M1

maintenance period 1, M2 maintenance period 2, OAD
oral antidiabetic drug, OD once daily. Figure is reproduced
from Goldenberg et al. [7], which is licensed under CC
BY-NC 4.0

Table 1 Baseline demographics and characteristics

Group Subjects, n Male, n (%) Age, years BMI, kg/m2 Duration of
diabetes, years

Full cohort 419 201 (48.0) 62.8 (9.9) 32.0 (5.3) 15.2 (7.8)

Baseline HbA1c C 7.5%

(C 58.5 mmol/mol)

212 89 (42.0) 62.3 (9.7) 32.1 (5.4) 15.8 (8.1)

Baseline HbA1c\ 7.5%

(\ 58.5 mmol/mol)

207 112 (54.1) 63.2 (10.1) 31.8 (5.3) 14.5 (7.5)

Data are presented as the mean with the standard deviation (SD) in parentheses unless otherwise stated
Baseline refers to week 0 (randomization) except for age, which was recorded at screening
BMI Body mass index, HbA1c glycated hemoglobin
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Correlation Between TIR and HbA1c

Scatter plots showed a moderate inverse linear
correlation between TIR and HbA1c at baseline
(rs -0.54), and this became stronger following
treatment intensification at the end of M1
(rs -0.59) and M2 (rs -0.60) (Fig. 2a). Improved
glycemic control following treatment intensifica-
tion was signified by both greater TIR and reduced

HbA1c. This was evidenced by the distribution of
scatter points becomingmore centered around the
lower right quadrant at the end of M1 and M2
compared with the plots at baseline, with less
variability in the data and a steeper regression line
at M1 and M2 compared with baseline (Fig. 2a).
HbA1c values were also lower for any TIR
value after treatment intensification: for exam-
ple, 70% TIR corresponded to an estimated HbA1c

Fig. 2 Correlation between time in range (TIR) and
glycated hemoglobin (HbA1c) in the SWITCH PRO
study. Blue lines show the fitted regression lines of HbA1c
using TIR (a) or change in TIR (b) as predictor assuming a
linear relationship between the two. b The p-interaction

between change in TIR and baseline median HbA1c
subgroup (\ 7.5% [\ 58.5 mmol/mol] vs. C 7.5%
[C 58.5 mmol/mol]) is 0.07. rs Spearman correlation
coefficient

Diabetes Ther (2023) 14:915–924 919



of 7.5% (58.5 mmol/mol) at baseline,
7.2% (55.2 mmol/mol) in M1, and 7.2%
(55.2 mmol/mol) in M2 (Fig. 2a).

Correlation Between Change in TIR
and Change in HbA1c

An inverse linear correlation was demonstrated
between change in TIR and change in HbA1c,
from baseline to the end of M1, in the full
cohort (rs -0.40) and in the baseline HbA1c
C 7.5% (C 58.5 mmol/mol) subgroup (rs -0.43),
but this was less apparent in the baseline
HbA1c\7.5% (\58.5 mmol/mol) subgroup
(rs -0.17) (p-interaction = 0.07) (Fig. 2b). A 5%
increase in TIR corresponded to estimated
decreases in HbA1c of -0.4% (-4.4 mmol/mol),
-0.7% (-7.7 mmol/mol), and -0.1%
(-1.1 mmol/mol) in the full cohort, baseline
HbA1c C 7.5% (C 58.5 mmol/mol) subgroup,
and baseline HbA1c\7.5% (\ 58.5 mmol/mol)
subgroup, respectively.

DISCUSSION

This post hoc analysis of data from participants
in the SWITCH PRO study with T2D and
increased risk of hypoglycemia, treated with
basal insulin, showed an inverse linear correla-
tion between TIR and HbA1c, with greater TIR
following treatment intensification corre-
sponding to lower HbA1c values. An inverse
linear correlation was also seen between change
in TIR and change in HbA1c from baseline to
the end of the first maintenance period, with
increasing TIR again corresponding to a lower-
ing of HbA1c levels. Notably, there was little
concordance between change in TIR and
change in HbA1c in those with a baseline
HbA1c\ 7.5% (\58.5 mmol/mol).

Our data are not the first to show such cor-
relations between TIR and HbA1c. An evalua-
tion of selected paired HbA1c and TIR data from
18 previously published articles, by linear
regression analysis and Pearson’s correlation
coefficient, previously found a good correlation
between the two metrics (R = -0.84; R2 = 0.71)
[4]; for every absolute 10% change in %TIR,
there was a 0.8% (9 mmol/mol) change in

HbA1c. These data are therefore broadly in
agreement with the results shown here.

As shown in Fig. 2a and b, however, the data
are widely scattered, supporting the premise
that HbA1c and TIR can be relatively crude
surrogates of each other when it comes to
individual patients. Where patients have both
low HbA1c and low TIR values, this might
indicate frequent episodes of hypoglycemia.
There were also a few individual patients in our
study for whom TIR exceeded 70% but HbA1c
approached 9% (74.9 mmol/mol). This appar-
ent disparity might be explained if, during their
time outside of the target range, these patients
had extremely high blood glucose levels.
Although they will display a good overall TIR,
they will also have a high mean HbA1c. It is also
possible that HbA1c may not be an accurate
reflection of average blood glucose in certain
individuals because of variation in red blood
cell physiology.

An observation of potential clinical impor-
tance was that the association between change
in TIR and change in HbA1c was more apparent
in patients with baseline HbA1c C 7.5%
(C 58.5 mmol/mol) than in those with
HbA1c\ 7.5% (\ 58.5 mmol/mol). A 5%
increase in TIR corresponded to a decrease in
HbA1c of -0.4% (-4.4 mmol/mol) overall in
the full cohort and -0.7% (-7.7 mmol/mol) in
the subgroup with baseline HbA1c C 7.5%
(C 58.5 mmol/mol). However, in patients with
HbA1c\ 7.5% (\ 58.5 mmol/mol), a 5%
increase in TIR was associated with only
a -0.1% (-1.1 mmol/mol) change in HbA1c.
While a 5% increase in TIR has previously been
shown to be associated with clinically signifi-
cant benefits for individuals with type 1 dia-
betes or T2D [3], the -0.1% (-1.1 mmol/mol)
correlative estimated change in HbA1c seen in
this lower HbA1c range would be less com-
pelling. Our observation therefore suggests that,
for a given change in TIR at high baseline
HbA1c levels, there is a greater change in HbA1c
than for the same change in TIR at lower base-
line HbA1c levels. Beneficial changes in TIR may
therefore become less detectable in terms of a
further HbA1c decrease as the baseline HbA1c
values decrease. Similar findings were reported
by Beck and colleagues, who stated that an

920 Diabetes Ther (2023) 14:915–924



increase in TIR of 10% was associated with a
change in HbA1c of approximately -1%
(-10.9 mmol/mol) for those with a high base-
line HbA1c (C 8.0% [C 63.9 mmol/mol]), and
with only a change of -0.4% (4.4 mmol/mol)
for those with a lower baseline HbA1c (7.0–7.9%
[53.0–62.9 mmol/mol]) [11]. Poorer correlation
between TIR and HbA1c in patients with lower
baseline HbA1c may also be due to increased
TBR for the target glycemic range. In this treat-
to-target trial, patients experiencing hypo-
glycemic episodes or pre-breakfast self-moni-
tored plasma glucose below range would have
had their insulin dose down-titrated and further
decreases in HbA1c would not have been seen.

Research shows that over one-third of people
with T2D are not achieving the internationally
recommended HbA1c targets
(HbA1c\7.0–8.5% [\ 53.0–69.4 mmol/mol],
depending on age and complications) [12] and
that many people with diabetes currently spend
less than half of their day in the recommended
glycemic target range [3, 13, 14]. When used in
conjunction with HbA1c, CGM data, such as
TIR, TBR, and TAR, provide a more complete
picture of glucose levels throughout the day and
night. This may help empower people with
diabetes to better manage their condition, giv-
ing them practical insights into the factors
driving daily fluctuations in glucose levels, such
as diet, exercise, insulin dosage, and insulin
timing. These metrics may also be used to
inform treatment decisions by healthcare pro-
fessionals [3, 15, 16]. Ultimately, it is hoped that
the use of these new metrics should lead to an
improved quality of glycemic control and, in
turn, to a reduction in the number of diabetes-
related complications.

Our findings should be interpreted in the
light of a few study limitations. This was a post
hoc analysis of a crossover study intended to
compare TIR outcomes between two basal
insulins. The study was not designed to assess
HbA1c as a primary outcome, hence the on-
drug treatment periods of 18 weeks were rela-
tively short. HbA1c values reflect what has
occurred up to 90 days back in time, so they
might not have fully stabilized when the real-
time CGM data were collected in the mainte-
nance periods. This study evaluated the

correlation between TIR and HbA1c, two met-
rics used to describe the quality of glycemia. As
noted previously, HbA1c does not capture day-
to-day fluctuations of blood glucose levels in
people with diabetes. The same is true for TIR,
as both metrics reflect overall glycemia and do
not account for variability in blood glucose
levels. Also, as noted previously, the treat-to-
target approach to insulin dose titration might
also have limited the spread of the TIR, TAR and
TBR data. Nevertheless, clear correlations were
observed, consistent with previous studies, and
the spread of the data in the scatterplots high-
lights the complementary nature of TIR and
HbA1c in evaluating glycemic control.

CONCLUSION

This post hoc analysis of the SWITCH PRO trial
expands the evidence base in support of the role
of TIR, assessed using CGM, as a valid clinical
indicator of glycemic control during therapeu-
tic intervention. SWITCH PRO is one of the first
large clinical studies to compare therapeutics
using TIR as the primary outcome rather than
HbA1c. The results presented here are in agree-
ment with the increasing momentum behind
the use of TIR as a key endpoint for assessment
of glycemic control and prediction of the
risk of diabetes-related complications in clinical
trials [17–19], and that TIR may possibly emerge
as a preferred metric to HbA1c for clinical
management.
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