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Compared with conventional glucose
metrics including HbA1c, continuous glu-
cosemonitoring (CGM)canprovidemore
information on diabetes management.
Of the multiple metrics generated by
CGM, time in range (TIR) is becoming
popular for assessing glycemic control
in practice and research (1–3). Various
target ranges for TIR have been adopted
and published, with 3.9–10.0 mmol/L
(70–180 mg/dL) often headlined. Since
hypoglycemia accounts for a small part
of time during a day, TIR is largely a
metric of hyperglycemia, thus correlating
with vascular complications. Logically,
ideal TIR would be matched to minimal
complication risk, although pragmatic
considerations, namely, what is achiev-
able, may also influence choice of level.
For CGM there is a lack of information
on the relationship between derived
metrics and complications, but nor-
mal glucose profiles suggest very tight
physiological control, with only brief
postprandial excursions .140 mg/dL
(7.8 mmol/L) (4,5). To begin to address
the issue of the threshold of range
above which vascular risk can be de-
tected, we have investigated the asso-
ciations of multiple prespecified TIR
levels with carotid intima-media thick-
ness (CIMT) and diabetic retinopathy
(DR) in a large sample of people with
type 2 diabetes.

Individuals with type 2 diabetes and
using a stable glucose-lowering regimen
for the previous 3 months were consec-
utively enrolled from hospitalized patients
at the Department of Endocrinology and
Metabolism of Shanghai Jiao Tong Uni-
versity Affiliated Sixth People’s Hospital
during April 2006–April 2012. CIMT was
measured by carotid ultrasonography
with a standard protocol as previously
described (2). Abnormal CIMT was de-
fined as a within-person mean CIMT
$1.0 mm. The presence of DR was di-
agnosed by fundus photography with a
digital nonmydriatic camera.

Each individual had 3-daymasked sub-
cutaneous glucose monitoring by a CGM
system (CGMS Gold, Medtronic, North-
ridge, CA). TIRs were calculated as the
percentage of time over 24 h between
3.9 mmol/L (70 mg/dL) and 7.8, 8.3, 8.9,
9.4, 10.0, 10.6, and 11.1 mmol/L (140,
150, 160, 170, 180, 190, and 200 mg/dL),
designated TIR70–140 through to TIR70–200.
In addition, we used time above range
(TAR) obtained from the same period and
with the same range of upper glucose
thresholds (TAR.140 to TAR.200).

A binary logistic regression model was
used to investigate the independent as-
sociation of CGM metrics with abnormal
CIMT and DR, with covariates as per Fig. 1.

In all, 2,893 people were included in
the analysis. Mean6 SD age of the study

population was 59.96 12.0 years, 43.9%
werewomen, andmeanHbA1cwas 9.06
2.3% (75 6 25 mmol/mol).

The values of the TIRs with varying cut
points were strongly correlated (r 5
0.77–0.99, allP,0.001,datanot shown),
and similar correlations were observed
in the TARs. After adjustment for cova-
riates including age, sex, BMI, diabetes
duration, systolic blood pressure, lipids,
smoking status, and theuseof aspirin and
statins, all TIRs and TARs were statisti-
cally significantly related to abnormal
CIMT, except for TIR70–140 (P 5 0.052)
and TAR.140 (P50.070), andwith a clear
trend in odds ratio from 140 mg/dL
through to 200 mg/dL (Fig. 1). The per-
formance of predictionwith various TIRs,
plus conventional risk factors, did not
differ significantly (C statistic 5 0.732–
0.735, data not shown). Similar obser-
vations can be made of DR and all TIRs
and TARs (all P , 0.001) (Fig. 1).

Several previous studies have investi-
gated the thresholds of glycemia for
predicting vascular complications of di-
abetes and may shed some light on the
setting of an optimal “target” range for
TIR. However, CGM differs from other
metrics, so it would seem that the ap-
propriate target range can only be ad-
dressed by studies using TIR/TAR. In our
study, it seems clear that cutoffs from
140 or 150mg/dL and above are predictive,
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although with increasing risk at higher
glucose levels.
Several limitations of the studymay be

noted. This was a cross-sectional study
of Chinese hospitalized patients, with
only 3 days of CGM. Thus, the glucose
profilesmay not necessarily reflect those
experienced by the patient in the lon-
ger term. Accordingly, any interpretation
is hypothesis setting. Nonetheless, we
note that for all four data sets the small-
est differences are seen between the
140 and 150 mg/dL set points (Fig. 1),
which might suggest that ongoing vas-
cular risk has a threshold at around those
levels. For TIR there is increasing risk
above this level confirming that obser-
vation. We speculate that the residual

risk at the cutoff of 140 mg/dL for TIR
might reflect prior exposure to hyper-
glycemia in the years before study.

In conclusion, TIRswith the upper limit
from 140–150 to 200 mg/dL (7.8–8.3 to
11.1 mmol/L) were all significantly asso-
ciated with abnormal CIMT and DR.
Further studies are warranted to clarify
whether there are clinically meaningful
differences produced by using different
definitions of TIR/TAR, and which are
pathogenetically significant.
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