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Abstract
Aims/hypothesis  Previous studies have shown that individuals with similar mean glucose levels (MG) or percentage of time in range 
(TIR) may have different HbA1c values. The aim of this study was to further elucidate how MG and TIR are associated with HbA1c.
Methods  Data from the randomised clinical GOLD trial (n=144) and the follow-up SILVER trial (n=98) of adults with type 
1 diabetes followed for 2.5 years were analysed. A total of 596 paired HbA1c/continuous glucose monitoring measurements 
were included. Linear mixed-effects models were used to account for intra-individual correlations in repeated-measures data.
Results  In the GOLD trial, the mean age of the participants (± SD) was 44±13 years, 63 (44%) were female, and the mean 
HbA1c (± SD) was 72±9.8 mmol/mol (8.7±0.9%). When correlating MG with HbA1c, MG explained 63% of the variation 
in HbA1c (r=0.79, p<0.001). The variation in HbA1c explained by MG increased to 88% (r=0.94, p value for improvement 
of fit <0.001) when accounting for person-to-person variation in the MG–HbA1c relationship. Time below range (TBR; <3.9 
mmol/l), time above range (TAR) level 2 (>13.9 mmol/l) and glycaemic variability had little or no effect on the association. 
For a given MG and TIR, the HbA1c of 10% of individuals deviated by >8 mmol/mol (0.8%) from their estimated HbA1c 
based on the overall association between MG and TIR with HbA1c. TBR and TAR level 2 significantly influenced the asso-
ciation between TIR and HbA1c. At a given TIR, each 1% increase in TBR was related to a 0.6 mmol/mol lower HbA1c (95% 
CI 0.4, 0.9; p<0.001), and each 2% increase in TAR level 2 was related to a 0.4 mmol/mol higher HbA1c (95% CI 0.1, 0.6; 
p=0.003). However, neither TIR, TBR nor TAR level 2 were significantly associated with HbA1c when accounting for MG.
Conclusions/interpretation  Inter-individual variations exist between MG and HbA1c, as well as between TIR and HbA1c, 
with clinically important deviations in relatively large groups of individuals with type 1 diabetes. These results may provide 
important information to both healthcare providers and individuals with diabetes in terms of prognosis and when making 
diabetes management decisions.
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Abbreviations
CGM	� Continuous glucose monitoring
DTSQ	� Diabetes treatment satisfaction questionnaire
GMI	� Glucose management indicator
HCS	� Hypoglycaemia confidence scale
ICC	� Intraclass correlation coefficient
MG	� Mean glucose level
TAR​	� Time above range
TBR	� Time below range
TIR	� Time in range

Introduction

Glucose control is key to preventing diabetes complications 
in people with type 1 diabetes [1–4]. Analyses of glucose 
levels related to lower risk of diabetes complications have 
generally been based on the biomarker HbA1c [2]. HbA1c 
does not measure glucose level per se, but instead is based 
on glycation of haemoglobin and may be influenced by 
factors such as erythrocyte turnover and glycation rate 
[5, 6]. HbA1c remains a key biomarker of complications 
in people with type 1 diabetes for several reasons. Land-
mark studies relating glucose control to complications have 
used HbA1c as the metric of glucose control [1–4]. Large Extended author information available on the last page of the article
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population-based studies following the prognosis of patients 
over long time periods have also relied on HbA1c [3]. Fur-
thermore, it is easy to measure and is a relatively cost-effec-
tive biomarker that is measured in most healthcare systems.

While HbA1c generally remains the primary outcome 
for new indications of glucose-lowering treatments, many 
clinical judgements and research study endpoints are nowa-
days based on metrics obtained through continuous glucose 
monitoring (CGM) [7, 8]. This situation may be challenging 
for both individuals with diabetes and healthcare providers, 
as individuals may reach targets for certain metrics such as 
mean glucose (MG), time in range (TIR; % of time with 
glucose levels 3.9–10 mmol/l) or HbA1c but not all of them. 
The TIR target of 70% has been set due to its relationship 
with an HbA1c level of <53 mmol/mol (<7.0%) rather than 
data from long-term diabetes complication trials [7]. There-
fore, it is important for clinicians to understand to what 
extent HbA1c may differ in relation to both MG and TIR.

The treatment target for most adults with diabetes is an 
HbA1c value or an MG-derived estimated HbA1c glucose 
management indicator (GMI) [9] of <53 mmol/mol (<7.0%) 
[10], which corresponds to an MG of approximately 8.6 
mmol/l (155 mg/dl). In clinical practice, questions may be 
raised when significant differences are observed between 
MG, TIR and HbA1c if underlying explanatory factors such 
as anaemia could exist. Often such factors cannot be identi-
fied, complicating diabetes management for both individu-
als with diabetes and healthcare providers.

Genetic factors influencing the glycation rate of haemo-
globin are probably important but are poorly understood 
and are not used in clinical practice. Deviations in glucose 
metrics are sometimes suspected to be due to insufficient 
CGM data being used to characterise overall glucose con-
trol. It is also speculative whether two individuals with 
the same MG but with different glucose patterns, such as 
long versus short periods with hypo- or hyperglycaemia, 
or high glycaemic variability versus stable glucose levels, 
will show different glycation rates and thereby different 
HbA1c, as suggested by others [11, 12]. Although earlier 
studies found a discordance between MG, TIR and HbA1c 
[13–17], the associations are poorly understood.

The primary aim of the present study was to determine 
the associations between MG and HbA1c using 2.5 years of 
data from the GOLD and SILVER trials, including whether 
different glucose patterns influence the relationship between 
MG and HbA1c. As a secondary aim, we also evaluated 
the associations between HbA1c and TIR. The results are 
intended to create a basis for guiding patients, clinicians and 
researchers in the management of type 1 diabetes.

Methods

Design and participants  All analyses in the current study 
were performed using data from the GOLD trial (n=144) 
and the SILVER trial (n=98). The studies were approved by 
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the ethics committee of University of Gothenburg, Sweden. 
All participants gave written informed consent, and the stud-
ies were registered on ClinicalTrials.gov (NCT02092051 
and NCT02465411, respectively).

Briefly, the GOLD trial was a randomised crossover study 
comparing CGM use over 6 months versus self-monitoring of 
blood glucose over 6 months with a 4-month washout period 
in between [18]. Inclusion criteria were: adults with type 1 
diabetes treated with multiple daily insulin injections, diabe-
tes duration >1 year, fasting C-peptide level <0.3 nmol/l and 
with HbA1c ≥58 mmol/mol (7.5%). Exclusion criteria were 
treatment with insulin pump. Full inclusion and exclusion cri-
teria have been published elsewhere [19]. The primary end-
point was the difference in HbA1c at the end of each treatment 
phase (total study period of 1.5 years). The SILVER trial was 
a follow-up study of the GOLD trial [20]. Participants who 
completed the GOLD trial were invited to participate in the 
SILVER trial extension, continuing CGM treatment for an 
additional year, with support from a diabetes nurse every 
third month. Participant-reported outcomes collected in both 
the GOLD and SILVER trials included the diabetes treatment 
satisfaction questionnaire (DTSQ), which measures aspects 
of treatment satisfaction [21, 22], and the hypoglycaemia 
confidence scale (HCS), which evaluates patient confidence 
in preventing and addressing hypoglycaemic events [23].

Measurements  The CGM systems used in the current study 
store up to 30 days of active CGM data. In the current analy-
ses, CGM data from GOLD and SILVER trials comprising a 
minimum of 14 days of active CGM measurements within 60 
days before laboratory HbA1c were included. In the GOLD 
trial, all participants used the Dexcom G4 device (Dexcom, 
USA), but some participants switched to the Dexcom G5 
device during the SILVER trial. The mean absolute rela-
tive difference for the Dexcom G4 device has been reported 

as 10.8±9.9% [24]. CGM data and HbA1c measurements 
were collected after 13 and 26 weeks of CGM in the GOLD 
trial, and every 13th week for up to 52 weeks follow-up in 
the SILVER trial (Fig. 1). CGM data downloaded at week 
4 were used to evaluate how extended CGM data affected 
analyses. HbA1c was analysed according to the International 
Federation of Clinical Chemistry and Laboratory Medicine 
(IFCC) standard using a Variant II Turbo instrument (Bio-
Rad Laboratories, USA). All blood samples were analysed at 
the Research Centre for Laboratory Medicine at Karolinska 
University Hospital, Stockholm, Sweden. Sex of participants 
was determined from the participants’ medical records.

Primary analyses  The primary analysis focused on determin-
ing the association between MG and HbA1c using paired MG 
and HbA1c values from the GOLD and SILVER trials (Fig. 1). 
We investigated whether individual deviations in the MG–
HbA1c relationship persisted over time, indicating whether cer-
tain participants consistently deviated from the general MG–
HbA1c trend. Our main analyses were performed using data 
from the GOLD trial. Internal validation was used to evaluate 
whether such inter-individual deviations persisted over time, 
performing temporal validation using data from the SILVER 
trial. Additionally, we wished to determine whether clinically 
important differences between MG and HbA1c existed. To 
do this, we estimated the magnitude of difference in HbA1c 
among the 5% and 10% of individuals with the largest devia-
tions in MG–HbA1c from the general trend. Similar methods 
were applied for the secondary analysis relating HbA1c to TIR.

Exploratory analyses of potential explanatory factors  We 
hypothesised that certain glucose patterns, i.e. participants 
with the same MG but different glycaemic variability or time 
spent in hypoglycaemia, influenced HbA1c. We therefore 
explored whether various CGM metrics (time below range 

n=74 n=72 n=68 n=65 n=72 n=76 n=83 n=86

GOLD (n = 144) SILVER (n = 98)

Period 1 Washout Period 2 Extension

CGM

HbA1c

Baseline variables

Week 0 13 26 43 56 69

Week 0 13 26 39 52

0.0 0.5 1.0 1.5 2.0 2.5

Time since inclusion (years)

Fig. 1   Flow chart of the study cohort during the GOLD and 
SILVER trials. CGM data obtained within 60 days (dark blue 
boxes) and 90 days (light blue boxes) from laboratory HbA1c were 
used, corresponding to up to 30 days (main analysis) and 60 days 

(sensitivity analysis) of active CGM. At least 14 days of active 
CGM were required. Baseline variables (participant characteristics, 
participant-reported outcomes and laboratory measurements) were 
measured at the time of inclusion in the GOLD trial
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[TBR], TIR, time above range [TAR] level 2 and glycaemic 
variability) and the overall glucose distribution obtained 
through CGM explained deviations in MG–HbA1c from the 
general trend in MG–HbA1c. Other possible explanatory 
factors investigated were age, sex, whether women were of 
fertile age (<50 years), diabetes duration, BMI, creatinine 
level, C-peptide level, C-reactive protein level, blood lipids, 
apolipoprotein levels and participant-reported outcomes 
(HCS and DTSQ scores). Baseline values for participant 
characteristics, participant-reported outcomes and labora-
tory measurements obtained at the time of inclusion in the 
GOLD trial were used in these analyses (Fig. 1).

Finally, we also assessed whether extended CGM profiles 
recorded at certain time points in the dataset (>30 days of 
active CGM data before HbA1c measurement) influenced the 
MG–HbA1c association. Additionally, we examined whether 
the impact of MG varied depending on whether it was meas-
ured during the daytime or at night.

Similar analyses were performed to assess potential 
explanatory factors for the relationship between HbA1c and 
TIR. Analyses of the relationship between MG and TIR were 
also performed.

Statistical analyses  Statistical analyses of the relationships 
between HbA1c and MG or TIR were performed using linear 
mixed-effects models, with participant as random effect to 
account for individual deviations from the mean trend and intra-
individual correlations in repeated-measures data. Individual 
predictions and individual trend lines were obtained from the 
best linear unbiased predictor of the random effects. Similar 
methods were used to study MG in relation to TIR and TBR.

Model fit was summarised using marginal and conditional R2 
values and the marginal intraclass correlation coefficient (ICC) 
[25]. The marginal R2 is the fraction of variation in HbA1c that 
may be explained by the mean trend, and hence is similar to the 
ordinary coefficient of determination. The marginal ICC is the 
fraction of variation in HbA1c that may be explained by intra-
individual variations around the mean trend. This is reported as 
the percentage improvement in R2 when accounting for person-
to-person variations in the HbA1c–MG or HbA1c–TIR trend. 
The conditional (total) R2 is the sum of the marginal R2 and the 
marginal ICC, i.e. the total fraction of variation explained by the 
mean trend plus intra-individual variations. For comparability 
with previous studies, we also report the signed square root (r) 
of the marginal and conditional R2, which may be interpreted as 
the correlation according to the mean trend and the correlation 
when additionally accounting for intra-individual variations in 
the HbA1c–MG or HbA1c–TIR relationships. The improvement 
of fit between the marginal and conditional association was 
tested using a likelihood ratio test.

Multivariable analyses and interaction analyses were per-
formed to investigate whether covariates explained individual 
variations in HbA1c or altered the HbA1c–MG or HbA1c–TIR 

associations. A p value <0.05 in both the GOLD and SILVER 
trials was required for a finding to be considered statistically 
significant. Additionally, we investigated whether temporal fac-
tors (time of day or time since the glucose value was attained) 
or glucose patterns (i.e. the entire glucose distribution) affected 
the association with HbA1c. Additional details are provided in 
the electronic supplementary material (ESM Methods).

Statistical analyses were performed using SAS/STAT 
Software, Version 9.4 of the SAS System for Windows (SAS 
Institute, USA).

Results

Baseline characteristics  The baseline characteristics of par-
ticipants from both trials included in the analyses are shown in 
Table 1. The mean age (± SD) among GOLD and SILVER trial 
participants was 44±13 and 46±13 years, respectively, with 
63/144 (44%) and 39/98 (40%), respectively, being female. 
HbA1c values were 72±9.8 (8.7±0.9%) and 71±8.0 mmol/mol 

Table 1   Baseline characteristics of the study participants

Continuous variables are reported as mean ± SD or median (IQR). 
Categorical variables are reported as n (%)
All participants were white
ACR, albumin/creatinine ratio; CRP, C-reactive protein

Variable GOLD trial 
population 
(n=144)

SILVER trial 
population 
(n=98)

Age, years 44±13 46±13
Female 63 (44) 39 (40)
Time from diabetes onset to 

inclusion, years
23±12 24±12

BMI, kg/m2 27±4.4 27±4.6
Smoking status
  Current 18 (13) 7 (7)
  Previous 32 (22) 26 (27)
  Never 94 (65) 65 (66)
HbA1c, mmol/mol 72±9.8 71±8.0
Creatinine, µmol/l 71±14.3 72±14.9
eGFR, ml/min per 1.73m2 107 (94–117) 106 (93–117)
eGFR <60 ml/min per 1.73m2 2 (1) 1 (1)
ACR, mg/mmol 0.8 (0.4–2.1) 0.8 (0.4–2.1)
ACR >3 mg/mmol 20 (14) 15 (15)
Total cholesterol, mmol/l 4.5±0.9 4.5±0.9
LDL, mmol/l 2.5±0.8 2.4±0.5
HDL, mmol/l 1.6±0.5 1.6±0.5
Triacylglycerols, mmol/l 0.9±0.6 0.9±0.5
Apolipoprotein A1, mg/ml 1.7±0.3 1.6±0.4
Apolipoprotein B, mg/ml 0.9±0.2 0.9±0.2
CRP, mg/l 3.0±5.5 3.3±6.6
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(8.6±0.7%) at the start of the respective studies. HbA1c values 
during the CGM periods in the GOLD and SILVER trials were 
62.9±8.6 and 63.5±8.3 mmol/mol (7.9±0.8 and 8.0±0.8%), 
respectively. The corresponding MG and TIR values were 
10.3±1.6 mmol/l and 48±14%, respectively, in the GOLD trial 
and 10.3±1.7 mmol/l and 49±15%, respectively, in the SILVER 
trial. In total, two participants (1%) in the GOLD trial had an 
eGFR <60 ml/min per 1.73 m2 and 20 (14%) had an albumin/
creatinine ratio >3 mg/mmol. The median number of days for 
which CGM data at each pairwise HbA1c value were available 
was 28.5 days (IQR 26.4–29.4) in the GOLD trial and 27.9 days 
(IQR 25.2–29.4) in the SILVER trial.

Primary analysis: HbA1c in relation to MG  For the primary 
analysis, MG explained 63% of the variation in HbA1c in 
the GOLD trial (r=0.79, p<0.001). Differences in person-
to-person variation in the relationship between MG and 
HbA1c explained an additional 25% of the variation in HbA1c 
(p<0.001) (Fig. 2). Thus, MG together with inter-individ-
ual effects explained 88% of the variation in HbA1c in the 
GOLD trial (r=0.94). Inter-individual deviations persisted 
over time, with a coefficient of determination (R2) of 78% 
(r=0.88) when individual predictions from this model were 

evaluated prospectively using data from the SILVER trial. 
For a given MG, the HbA1c values in 5% and 10% of the 
individuals deviated more than 9.9 and 8.3 mmol/mol (0.9 
and 0.8%) from the mean trend, respectively.

Secondary analysis: HbA1c in relation to TIR  In the second-
ary analysis relating TIR to HbA1c, TIR explained 60% 
(r=−0.77) of the variation in HbA1c in the GOLD trial data-
set, which increased to 86% (r=−0.93) when additionally 
accounting for person-to-person variation in the relationship 
between TIR and HbA1c (p<0.001) (Fig. 2). A TIR of 70% 
corresponded to an HbA1c of 53 mmol/mol (7.0%). For a 
given TIR, the HbA1c values in 5% and 10% of the individu-
als deviated more than 9.9 and 8.3 mmol/mol (0.9 and 0.8%) 
from the mean trend, respectively.

Explanatory factors for the HbA1c–MG relationship  No CGM 
metrics (TBR, TIR, TAR or glycaemic variability), nor the 
glucose distribution based on CGM, influenced the associa-
tion between MG and HbA1c persistently in the GOLD and 
SILVER trials (ESM Tables 1 and 2, ESM Figs 1 and 2). 
Other exploratory variables, including age, sex, renal func-
tion, BMI, C-peptide level, blood lipids, apolipoproteins, 
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Fig. 2   Relationships between HbA1c and MG (a, b) and between 
HbA1c and TIR (3.9–10.0 mmol/l) (c, d) for data from the GOLD 
trial. (a, c) Mean trend. (b, d) Individual trend lines. Statistical 

analyses were performed using linear mixed-effects models. The 
mean trend and individual trend lines were derived from the same 
model. Total R2 = marginal R2 + marginal ICC
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HCS or DTSQ score, showed no persistent association in 
the GOLD and SILVER trials.

Using extended time periods of CGM data during weeks 
0–13 had little influence on the correlation between MG and 
HbA1c. The correlation was 0.79 using 30 days of active CGM 
(up to 60 days before HbA1c measurement) and 0.80 using 60 
days of active CGM (up to 90 days before HbA1c measure-
ment). Applying unequal weights depending on the time since 
the glucose value was attained when estimating MG did not 
result in an improved correlation (p=0.70 for improvement of 
fit). There was also no significant improvement when daytime 
and night-time glucose values were weighted unequally when 
assessing the relationship between MG and HbA1c (p=0.18).

Explanatory factors for the HbA1c–TIR relationship  There 
was a significant association for TBR (<3.9 mmol/l) 
(p<0.001 in the GOLD trial; p=0.012 in the SILVER trial) 
and TAR level 2 (>13.9 mmol/l) (p=0.003 in the GOLD 
trial; p=0.007 in the SILVER trial) in terms of explain-
ing deviations in HbA1c from the estimated HbA1c–TIR 
mean trend (ESM Tables 3 and 4). At a given TIR, each 1% 
increase in TBR was related to a 0.6 mmol/mol lower HbA1c 
(95% CI 0.4, 0.9; p<0.001) and each 2% increase in TAR 
level 2 was related to a 0.4 mmol/mol higher HbA1c (95% CI 
0.1, 0.6; p=0.003). Figure 3 shows the impact of TBR on the 
association between TIR and HbA1c. No other CGM met-
ric or variable influenced the association between TIR and 
HbA1c when adjusting for TBR and TAR (ESM Tables 3 and 
4). When adjusting for the MG, neither TIR, TBR nor TAR 
level 2 were significantly related to HbA1c (ESM Table 1).

Associations between MG and TIR  For a given TIR, MG 
decreased by 0.6 mmol/l (95% CI 0.5, 0.7) per 5% increase 

in TBR. The association between MG and TIR is shown in 
ESM Fig. 3. A TIR of 70% with TBR of 0% vs 15% corre-
sponded to an MG of 8.5 vs 6.8 mmol/l.

Discussion

Principal findings  In this study, based on data from the 
GOLD and SILVER trials, we found important inter-individ-
ual deviations in HbA1c in relation to both MG and TIR that 
persisted over a combined 2.5-year follow-up period. These 
inter-individual deviations were of clear clinical importance, 
with notable deviations in HbA1c (>8 mmol/mol, >0.8%) 
observed in 10% of the individuals. The relationship was 
similar for men and women and glucose patterns had mini-
mal or no impact on the association between MG and HbA1c. 
However, TBR had additional intra- and inter-individual 
influences on the association between TIR and HbA1c. At a 
given TIR, each 1% increase in TBR corresponded to a 0.6 
mmol/mol lower HbA1c, and each 2% increase in TAR level 
2 to a 0.4 mmol/mol higher HbA1c.

Previous studies  Previous studies relating MG to HbA1c found 
correlation coefficients of r=0.78–0.80 and 0.73 [13–15, 17], 
corresponding to our findings of r=0.79. However, we found 
that, when taking into account differences in systematic person-
to-person variations of MG relative to HbA1c, the correlation 
increased to r=0.94. A TIR of 70% has previously been related 
to an HbA1c of <53 mmol/mol (<7%) [13, 14], and is com-
monly used in clinical practice and research as a basis for judg-
ing low complication risk based on TIR [10]. In the current 
study, a TIR of 70% was, on average, also related to an HbA1c 
of 53 mmol/mol (7%), but the HbA1c deviated systematically 
over time by more than 8 mmol/mol (0.8%) for over 10% of 
the individuals. Our findings of an influence of TBR on HbA1c 
in relation to TIR but not in relation to MG is novel, and this 
question have not been extensively studied in previous research.

Explanations and interpretations  HbA1c represents the 
glycation rate of haemoglobin, and is thus dependent 
on erythrocyte turnover and the lifespan of erythrocytes 
(approximately 120 days) [26]. One potential explanation 
for deviations in the relationship between MG or TIR and 
HbA1c may be due to incomplete glucose data over time. 
However, consistent with previous results [27], longer meas-
urement periods for MG did not show significantly stronger 
associations with HbA1c. One possible explanation may be 
that the most recent periods have a relatively greater influ-
ence on the HbA1c [26], and that individuals generally have 
a relatively stable MG over time [28]. We also speculated 
that the glycation rate may not solely be explained by the 
MG but also by other characteristics of the distribution, such 
as fluctuations or extended periods with hypoglycaemia, as 

Fig. 3   Estimated HbA1c at a given level of TIR (3.9–10.0 mmol/l) 
and TBR (<3.9 mmol/l)
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suggested previously [11, 12]. However, various glucose 
patterns present at the same MG did not explain deviations 
between MG and HbA1c, and nor did glycaemic variability.

Anaemia, which leads to a shorter erythrocyte lifespan 
(e.g. through haemolysis), can influence the HbA1c, but in 
the current study, women of fertile age, who are more com-
monly prone to anaemia, did not deviate in their association 
of MG or TIR with HbA1c.

Although race may influence the association of MG and 
TIR with HbA1c [29, 30], it was not a factor in the current 
study, in which all participants were white. Impaired renal 
function can affect HbA1c [31], but few individuals in the 
GOLD trial had impaired renal function. Instead, it seems 
plausible that genetic rather than glucose-related factors that 
influence glucose transport into erythrocytes and the glyca-
tion rate of the haemoglobin explain inter-individual differ-
ences for high and low glycators (as defined below) [32]. In 
addition, differences in TBR at a given TIR correspond to 
various MG values and thereby explain differences in HbA1c 
for a single individual over time.

Clinical implications  There is a critical need for clinicians 
to be aware of the association between MG and HbA1c. 
Values for these glucose indices are typically presented to 
individuals with type 1 diabetes during clinical visits, but 
they can also get information about their calculated GMI 
through CGM system-generated ambulatory glucose profile 
reports [33]. We propose that clinicians should assess both 
HbA1c and GMI, and not only acknowledge if a difference 
exists, but also record its magnitude and direction accurately. 
Repeated deviations between HbA1c and GMI in the same 
direction will suggest whether an individual is a high or low 
glycator [32]. A high glycator is indicated when HbA1c is 
consistently higher than GMI, and vice versa for a low glyca-
tor. Large discordances between MG and HbA1c may influ-
ence diabetes management [32]. From a global perspective, 
CGM is not available to most people with type 1 diabetes. 
When possible, temporary use of CGM will be valuable to 
confirm the true MG and whether major discordances with 
HbA1c exist.

Although insulin dosing per se is based on CGM or cap-
illary glucose levels, it has been proposed that individuals 
with a low MG but high HbA1c may be at increased risk of 
hypoglycaemia [34]. Individuals with diabetes are gener-
ally aware of HbA1c targets, as this information is repeat-
edly given to them by clinicians at clinical visits. Hence, 
there is a risk that some individuals may strive for intensified 
treatment if HbA1c is high when GMI is on target, espe-
cially if healthcare providers do not inform the individual 
of discordances between the two [34]. Moreover, individu-
als may experience increased anxiety regarding the risk of 
complications correlating with a higher HbA1c [35]. In con-
trast, on-target HbA1c but high MG may lead to insufficient 

intensification of treatment [34]. However, HbA1c is still of 
primary focus in clinical practice and is also used for quality 
assessment between clinics and countries [36, 37].

TIR has increasingly come into greater focus in clinical 
practice and research over time [7, 8]. As HbA1c differs in 
relation to MG, it is possible that it will also differ in rela-
tion to TIR, as TIR is closely related to MG at a certain 
TBR. As the target TIR of 70% was established based on 
its overall relationship with an HbA1c of <53 mmol/mol 
(7.0%), clinicians need to be aware, as discussed earlier in 
the context of the MG–HbA1c relationship, that discordances 
between HbA1c and TIR for individuals must be recognised 
and considered in diabetes management. Moreover, for the 
same individual, a specific TIR for an individual with greater 
TBR will intuitively relate to lower HbA1c due to lower MG, 
as confirmed in the current study. Hence, HbA1c and GMI 
may shift over time while maintaining a stable TIR if, for 
example, adjustments in diabetes care are made that alter the 
magnitude of TBR or TAR.

At present, it is not known which glucose index (HbA1c, 
TIR or MG/GMI) is the most effective indicator for diabetes 
complications. While it may seem reasonable that MG per se 
would be the most predictive, HbA1c is considered a marker 
for the glycation rate and glycation end-products, which are 
related to complications beyond its relationship with MG 
[38, 39]. Additionally, some studies have shown associations 
between TIR and complications [40, 41]. Long-term studies, 
preferably following participants from the time of diagnosis 
(as profound legacy effects exist from previous hyperglycae-
mic episodes [4]), are necessary but take time to perform. 
An international standardisation for CGM systems of their 
calibration to blood is also crucial, as CGM systems have 
been shown to systematically deviate from blood glucose 
values, which can influence CGM metrics [42].

It is likely that HbA1c, TIR and MG/GMI will remain 
as essential complementary metrics. Thus, it is crucial that 
clinicians assess and communicate these metrics effectively 
to individuals with diabetes in an appropriate way to reduce 
complication risk and decrease diabetes-related distress.

Strengths and limitations  A major strength of the current 
study is that, in contrast to most earlier studies, participants 
were followed over 2.5 years using CGM devices from the 
same manufacturer and HbA1c was centrally analysed. Meas-
urements of HbA1c and CGM metrics were obtained at simi-
lar time points. This is of critical importance when consider-
ing possible systematic deviations of CGM-based metrics 
over time in relation to HbA1c. A limitation is that we did not 
obtain data on anaemia and blood disorders, which are fac-
tors that could possibly affect HbA1c. However, adjusting for 
women of fertile age, who are known to have anaemia more 
commonly, did not influence the associations. All partici-
pants were white, used multiple daily insulin injections for 
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insulin delivery, with HbA1c >58 mmol/mol (7.5%), and had 
overall good renal function, and the results may be limited to 
this population. Information on socioeconomic factors was 
not collected and the influence of such factors could there-
fore not be evaluated. We tested multiple variables to elu-
cidate the relationship between MG and HbA1c. Our focus 
was primarily on CGM metrics, as we considered them to be 
more plausible explanatory factors. While performing mul-
tiple tests may increase the risk of false-positive results, this 
risk was mitigated by requiring positive findings in both the 
GOLD and SILVER trials. Although it should be acknowl-
edged that control of the potential type 1 error rate was not 
strict, all variables evaluated as potential explanatory factors 
were judged to be non-significant except TAR and TBR for 
the association of TIR with HbA1c. The significance of these 
factors has a plausible explanation as greater TBR (TAR) at 
a given TIR leads to a lower (higher) MG, and hence a lower 
(higher) HbA1c.

Conclusions  In conclusion, the same HbA1c value may be 
observed in people with significantly different MG/GMI or 
TIR. This information is crucial for both healthcare pro-
viders and individuals with diabetes when making diabetes 
management decisions. Consequently, MG/GMI (obtained 
from including significant periods of CGM data) should be 
evaluated at clinical visits to determine whether people with 
type 1 diabetes have an HbA1c that is higher or lower than 
the mean trend. Additionally, time spent in hypoglycaemia 
should always be considered together with TIR. The evalu-
ation of MG/GMI and HbA1c, with minimal time spent in 
hypoglycaemia, should be a primary focus in clinical prac-
tice to achieve glucose control with a low risk of both acute 
and long-term complications.

Supplementary Information  The online version of this article (https://​
doi.​org/​10.​1007/​s00125-​024-​06151-2) contains peer-reviewed but 
unedited supplementary material.

Acknowledgements  The authors thank all participating sites and staff 
as well as participants of the GOLD and SILVER trials who made this 
study possible. Part of this work was presented at the 16th International 
Conference on Advanced Technologies and Treatments for Diabetes; 
Berlin, Germany, 22–25 February 2023.

Data availability  The data that support the findings of this study are 
not openly available. They are available from the corresponding author 
upon reasonable request.

Funding  Open access funding provided by University of Gothenburg. 
This was an investigator-initiated trial that was financed by grants from 
the Swedish state under an agreement between the Swedish govern-
ment and the county councils (ALFGBG-966173). Dexcom Inc. pro-
vided CGM systems and financial support for the original GOLD and 
SILVER trials. The study funders were not involved in the design of 
the study, the collection, analysis and interpretation of data or writing 
the report, and did not impose any restrictions regarding publication 
of the report.

Authors’ relationships and activities  ES serves on advisory boards for 
Abbott and Sanofi, and has received lecture payments from Sanofi, 
Boehringer Ingelheim, Lilly and Novo Nordisk. IBH has received 
research grants from Dexcom, and received honoraria or fees for con-
sulting with Abbott Diabetes Care, Hagar and embecta. JB has received 
honoraria for consulting and/or lecture fees from Abbott Diabetes Care, 
the MannKind Corporation, Nanexa, Nordic InfuCare, Novo Nordisk 
and Sanofi. JH serves or has served on advisory boards for Sanofi, 
Eli Lilly, Novo Nordisk, Boehringer Ingelheim and Abbott, and has 
received lecture payments from Sanofi, Boehringer Ingelheim, Rubin 
Medical, Nordic Infucare, Bayer, Amgen, Eli Lilly and Novo Nordisk. 
ML has received research grants from Eli Lilly and Novo Nordisk and 
been a consultant or received honoraria from Astra Zeneca, Boehringer 
Ingelheim, Nordic Infucare, Eli Lilly and Novo Nordisk. MW has 
served on advisory boards or lectured for MSD, Lilly, Novo Nordisk 
and Sanofi, and has organised a professional regional meeting spon-
sored by Eli Lilly, Rubin Medical, Sanofi, Novartis and Novo Nordisk. 
SH has lectured for Novo Nordisk. TN has received unrestricted grants 
from AstraZeneca and Novo Nordisk, and has served on national advi-
sory boards for Amgen, Abbot, Novo Nordisk, Sanofi-Aventis, Eli Lilly, 
MSD and Boehringer Ingelheim. WP has received research support 
from Dexcom and Abbott Diabetes Care, and has received honoraria 
for consulting from Dexcom and Abbott Diabetes Care. The remaining 
authors declare that there are no relationships or activities that might 
bias, or be perceived to bias, their work.

Contribution statement  SSI drafted the manuscript and HI performed 
the statistical analyses. HI, ML and SSI designed the study. All authors 
interpreted data, contributed to critical revision of the manuscript, and 
approved the final version of the manuscript. ML is the guarantor of 
this work, and, as such, had full access to all the data in the study and 
takes responsibility for the integrity of the data and the accuracy of 
the data analysis.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Diabetes Control and Complications Trial Study Group (1993) 
The effect of intensive treatment of diabetes on the development 
and progression of long-term complications in insulin-dependent 
diabetes mellitus. N Engl J Med 329:977–986. https://​doi.​org/​10.​
1056/​NEJM1​99309​30329​1401

	 2.	 Nathan DM, Cleary PA, Backlund JY et al (2005) Intensive dia-
betes treatment and cardiovascular disease in patients with type 1 
diabetes. N Engl J Med 353:2643–2653. https://​doi.​org/​10.​1056/​
NEJMo​a0521​87

	 3.	 Lind M, Svensson AM, Kosiborod M et al (2014) Glycemic 
control and excess mortality in type 1 diabetes. N Engl J Med 
371(21):1972–1982. https://​doi.​org/​10.​1056/​NEJMo​a1408​214

https://doi.org/10.1007/s00125-024-06151-2
https://doi.org/10.1007/s00125-024-06151-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1056/NEJMoa052187
https://doi.org/10.1056/NEJMoa052187
https://doi.org/10.1056/NEJMoa1408214


1525Diabetologia (2024) 67:1517–1526	

	 4.	 Lind M, Pivodic A, Svensson AM, Ólafsdóttir AF, Wedel H, Lud-
vigsson J (2019) HbA1c level as a risk factor for retinopathy and 
nephropathy in children and adults with type 1 diabetes: Swedish 
population based cohort study. BMJ 366:l4894

	 5.	 Cohen RM, Franco RS, Khera PK et al (2008) Red cell life span 
heterogeneity in hematologically normal people is sufficient to 
alter HbA1c. Blood 112(10):4284–4291. https://​doi.​org/​10.​1182/​
blood-​2008-​04-​154112

	 6.	 Malka R, Nathan DM, Higgins JM (2016) Mechanistic modeling 
of hemoglobin glycation and red blood cell kinetics enables per-
sonalized diabetes monitoring. Sci Transl Med 8(359):359ra130. 
https://​doi.​org/​10.​1126/​scitr​anslm​ed.​aaf93​04

	 7.	 Danne T, Nimri R, Battelino T et al (2017) International con-
sensus on use of continuous glucose monitoring. Diabetes Care 
40(12):1631–1640. https://​doi.​org/​10.​2337/​dc17-​1600

	 8.	 Battelino T, Alexander CM, Amiel SA et al (2023) Continuous 
glucose monitoring and metrics for clinical trials: an international 
consensus statement. Lancet Diabetes Endocrinol 11(1):42–57. 
https://​doi.​org/​10.​1016/​S2213-​8587(22)​00319-9

	 9.	 Bergenstal RM, Beck RW, Close KL et al (2018) Glucose man-
agement indicator (GMI): a new term for estimating A1C from 
continuous glucose monitoring. Diabetes Care 41(11):2275–2280. 
https://​doi.​org/​10.​2337/​dc18-​1581

	10.	 Holt RIG, DeVries JH, Hess-Fischl A et al (2021) The manage-
ment of type 1 diabetes in adults. A consensus report by the Amer-
ican Diabetes Association (ADA) and the European Association 
for the Study of Diabetes (EASD). Diabetologia 64(12):2609–
2652. https://​doi.​org/​10.​1007/​s00125-​021-​05568-3

	11.	 Hudson PR, Child DF, Jones H, Williams CP (1999) Differences 
in rates of glycation (glycation index) may significantly affect 
individual HbA1c results in type 1 diabetes. Ann Clin Biochem 
36(4):451–459. https://​doi.​org/​10.​1177/​00045​63299​03600​408

	12.	 Liu H, Yang D, Deng H et al (2020) Impacts of glycemic vari-
ability on the relationship between glucose management indi-
cator from iPro™2 and laboratory hemoglobin A1c in adult 
patients with type 1 diabetes mellitus. Ther Adv Endocrinol 
Metab 11:1–9. https://​doi.​org/​10.​1177/​20420​18820​931664

	13.	 Beck RW, Bergenstal RM, Cheng P et al (2019) The relation-
ships between time in range, hyperglycemia metrics, and HbA1c. 
J Diabetes Sci Technol 13(4):614–626. https://​doi.​org/​10.​1177/​
19322​96818​822496

	14.	 Vigersky RA, McMahon C (2019) The relationship of hemo-
globin A1C to time-in-range in patients with diabetes. Diabetes 
Technol Ther 21(2):81–85. https://​doi.​org/​10.​1089/​dia.​2018.​
0310

	15.	 Hirsch IB, Welsh JB, Calhoun P, Puhr S, Walker TC, Price 
DA (2019) Associations between HbA1c and continuous glu-
cose monitoring-derived glycaemic variables. Diabet Med 
36(12):1637–1642. https://​doi.​org/​10.​1111/​dme.​14065

	16.	 Beck RW, Connor CG, Mullen DM, Wesley DM, Bergenstal 
RM (2017) The fallacy of average: how using HbA1c alone 
to assess glycemic control can be misleading. Diabetes Care 
40(8):994–999. https://​doi.​org/​10.​2337/​dc17-​0636

	17.	 Rodbard D (2023) Continuous glucose monitoring metrics 
(mean glucose, time above range and time in range) are superior 
to glycated haemoglobin for assessment of therapeutic efficacy. 
Diabetes Obes Metab 25(2):596–601. https://​doi.​org/​10.​1111/​
dom.​14906

	18.	 Lind M, Polonsky W, Hirsch IB et al (2017) Continuous glu-
cose monitoring vs conventional therapy for glycemic con-
trol in adults with type 1 diabetes treated with multiple daily 
insulin injections: the GOLD randomized clinical trial. JAMA 
317(4):379–387. https://​doi.​org/​10.​1001/​jama.​2016.​19976

	19.	 Lind M, Polonsky W, Hirsch IB et al (2016) Design and meth-
ods of a randomized trial of continuous glucose monitoring in 
persons with type 1 diabetes with impaired glycemic control 

treated with multiple daily insulin injections (GOLD study). 
J Diabetes Sci Technol 10(3):754–61. https://​doi.​org/​10.​1177/​
19322​96816​642578

	20.	 Lind M, Ólafsdóttir AF, Hirsch IB et al (2021) Sustained inten-
sive treatment and long-term effects on HbA1c reduction (SIL-
VER study) by CGM in people with type 1 diabetes treated 
with MDI. Diabetes Care 44(1):141–149. https://​doi.​org/​10.​
2337/​dc20-​1468

	21.	 Bradley C (1994) The Diabetes Treatment Satisfaction Question-
naire: DTSQ. In: Bradley C, ed. Handbook of psychology and dia-
betes: a guide to psychological measurement in diabetes research 
and practice. Chur, Switzerland: Harwood

	22.	 Bradley C (1999) Diabetes treatment satisfaction questionnaire. 
Change version for use alongside status version provides appropri-
ate solution where ceiling effects occur. Diabetes Care 22:530–
532. https://​doi.​org/​10.​2337/​diaca​re.​22.3.​530

	23.	 Polonsky WH, Fisher L, Hessler D, Edelman SV (2017) Inves-
tigating hypoglycemic confidence in type 1 and type 2 diabetes. 
Diabetes Technol Ther 19(2):131–136. https://​doi.​org/​10.​1089/​
dia.​2016.​0366

	24.	 Damiano ER, McKeon K, El-Khatib FH, Zheng H, Nathan DM, 
Russell SJ (2014) A comparative effectiveness analysis of three 
continuous glucose monitors: the Navigator, G4 Platinum, and 
Enlite. J Diabetes Sci Technol 8(4):699–708. https://​doi.​org/​10.​
1177/​19322​96814​532203

	25.	 Nakagawa S, Johnsson PCD, Schielzeth H (2017) The coefficient 
of determination R2 and intra-class correlation coefficient from 
generalized linear mixed-effects models revisited and expanded. 
J R Soc Interface 14:20170213. https://​doi.​org/​10.​1098/​rsif.​2017.​
0213

	26.	 Tahara Y, Shima K (1993) The response of GHb to stepwise 
plasma glucose change over time in diabetic patients. Diabetes 
Care 16(9):1313–1314. https://​doi.​org/​10.​2337/​diaca​re.​16.9.​1313

	27.	 Riddlesworth TD, Beck RW, Gal RL et al (2018) Optimal sam-
pling duration for continuous glucose monitoring to determine 
long-term glycemic control. Diabetes Technol Ther 20(4):314–
316. https://​doi.​org/​10.​1089/​dia.​2017.​0455

	28.	 Wilson DM, Xing D, Cheng J et al (2011) Persistence of indi-
vidual variations in glycated hemoglobin: analysis of data from 
the Juvenile Diabetes Research Foundation Continuous Glucose 
Monitoring Randomized Trial. Diabetes Care 34(6):1315–1317. 
https://​doi.​org/​10.​2337/​dc10-​1661

	29.	 Xu Y, Bergenstal RM, Dunn TC, Ram Y, Ajjan RA (2022) Inter-
individual variability in average glucose-glycated haemoglobin 
relationship in type 1 diabetes and implications for clinical prac-
tice. Diabetes Obes Metab 24(9):1779–1787. https://​doi.​org/​10.​
1111/​dom.​14763

	30.	 Bergenstal RM, Gal RL, Connor CG et al (2017) Racial differ-
ences in the relationship of glucose concentrations and hemo-
globin A1c levels. Ann Intern Med 167(2):95–102. https://​doi.​org/​
10.​7326/​M16-​2596

	31.	 Oriot P, Viry C, Vandelaer A et al (2023) Discordance between 
glycated hemoglobin A1c and the glucose management indicator 
in people with diabetes and chronic kidney disease. J Diabetes Sci 
Technol 17(6):1553–1562. https://​doi.​org/​10.​1177/​19322​96822​
10920​50

	32.	 Gomez-Peralta F, Choudhary P, Cosson E, Irace C, Rami-Merhar 
B, Seibold A (2022) Understanding the clinical implications of 
differences between glucose management indicator and glycated 
haemoglobin. Diabetes Obes Metab 24(4):599–608. https://​doi.​
org/​10.​1111/​dom.​14638

	33.	 Bergenstal RM, Ahmann AJ, Bailey T et al (2013) Recommenda-
tions for standardizing glucose reporting and analysis to optimize 
clinical decision making in diabetes: the ambulatory glucose pro-
file. J Diabetes Sci Technol 7(2):562–578. https://​doi.​org/​10.​1177/​
19322​96813​00700​234

https://doi.org/10.1182/blood-2008-04-154112
https://doi.org/10.1182/blood-2008-04-154112
https://doi.org/10.1126/scitranslmed.aaf9304
https://doi.org/10.2337/dc17-1600
https://doi.org/10.1016/S2213-8587(22)00319-9
https://doi.org/10.2337/dc18-1581
https://doi.org/10.1007/s00125-021-05568-3
https://doi.org/10.1177/000456329903600408
https://doi.org/10.1177/2042018820931664
https://doi.org/10.1177/1932296818822496
https://doi.org/10.1177/1932296818822496
https://doi.org/10.1089/dia.2018.0310
https://doi.org/10.1089/dia.2018.0310
https://doi.org/10.1111/dme.14065
https://doi.org/10.2337/dc17-0636
https://doi.org/10.1111/dom.14906
https://doi.org/10.1111/dom.14906
https://doi.org/10.1001/jama.2016.19976
https://doi.org/10.1177/1932296816642578
https://doi.org/10.1177/1932296816642578
https://doi.org/10.2337/dc20-1468
https://doi.org/10.2337/dc20-1468
https://doi.org/10.2337/diacare.22.3.530
https://doi.org/10.1089/dia.2016.0366
https://doi.org/10.1089/dia.2016.0366
https://doi.org/10.1177/1932296814532203
https://doi.org/10.1177/1932296814532203
https://doi.org/10.1098/rsif.2017.0213
https://doi.org/10.1098/rsif.2017.0213
https://doi.org/10.2337/diacare.16.9.1313
https://doi.org/10.1089/dia.2017.0455
https://doi.org/10.2337/dc10-1661
https://doi.org/10.1111/dom.14763
https://doi.org/10.1111/dom.14763
https://doi.org/10.7326/M16-2596
https://doi.org/10.7326/M16-2596
https://doi.org/10.1177/19322968221092050
https://doi.org/10.1177/19322968221092050
https://doi.org/10.1111/dom.14638
https://doi.org/10.1111/dom.14638
https://doi.org/10.1177/193229681300700234
https://doi.org/10.1177/193229681300700234


1526	 Diabetologia (2024) 67:1517–1526

	34.	 Hempe JM, Liu S, Myers L, McCarter RJ, Buse JB, Fonseca V 
(2015) The hemoglobin glycation index identifies subpopulations 
with harms or benefits from intensive treatment in the ACCORD 
trial. Diabetes Care 38(6):1067–1074. https://​doi.​org/​10.​2337/​
dc14-​1844

	35.	 Pérez-Fernández A, Fernández-Berrocal P, Gutiérrez-Cobo MJ 
(2023) The relationship between well-being and HbA1c in adults 
with type 1 diabetes: a systematic review. J Diabetes 15(2):152–
164. https://​doi.​org/​10.​1111/​1753-​0407.​13357

	36.	 Nationella Diabetesregistret (2022) Årsrapport 2022. Avail-
able from https://​www.​ndr.​nu/​pdfs/​Arsra​pport_​NDR_​2022.​pdf. 
Accessed 6 February 2024 [in Swedish]

	37.	 Albanese-O’Neill A, Grimsmann JM, Svensson AM et al (2022) 
Changes in HbA1c between 2011 and 2017 in Germany/Austria, 
Sweden, and the United States: a lifespan perspective. Diabetes 
Technol Ther 24(1):32–41. https://​doi.​org/​10.​1089/​dia.​2021.​0225

	38.	 Nayak AU, Singh BM, Dunmore SJ (2019) Potential clinical 
error arising from use of HbA1c in diabetes: effects of the glyca-
tion gap. Endocr Rev 40(4):988–999. https://​doi.​org/​10.​1210/​er.​
2018-​00284

	39.	 McCarter RJ, Hempe JM, Gomez R, Chalew SA (2004) Biological 
variation in HbA1c predicts risk of retinopathy and nephropathy in 
type 1 diabetes. Diabetes Care 27(6):1259–1264. https://​doi.​org/​
10.​2337/​diaca​re.​27.6.​1259

	40.	 El-Malahi A, Van Elsen M, Charleer S et al (2022) Relationship 
between time in range, glycemic variability, HbA1c, and compli-
cations in adults with type 1 diabetes mellitus. J Clin Endocrinol 
Metab 107(2):e570–e581

	41.	 Yapanis M, James S, Craig ME, O’Neal D, Ekinci EI (2022) Com-
plications of diabetes and metrics of glycemic management derived 
from continuous glucose monitoring. J Clin Endocrinol Metab 
107(6):e2221–e2236. https://​doi.​org/​10.​1210/​clinem/​dgac0​34

	42.	 Ólafsdóttir AF, Attvall S, Sandgren U et al (2017) A clinical trial 
of the accuracy and treatment experience of the flash glucose 
monitor FreeStyle Libre in adults with type 1 diabetes. Diabetes 
Technol Ther 19(3):164–172. https://​doi.​org/​10.​1089/​dia.​2016.​
0392

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Sofia Sterner Isaksson1,2   · Henrik Imberg1,3,4   · Irl B. Hirsch5   · Erik Schwarcz6   · Jarl Hellman7   · 
Magnus Wijkman8   · Jan Bolinder9   · Thomas Nyström10   · Helene Holmer11   · Sara Hallström1,12   · 
Arndís F. Ólafsdóttir1   · Sofia Pekkari1,2   · William Polonsky13 · Marcus Lind1,2,12 

 *	 Marcus Lind 
	 marcus.lind@gu.se

1	 Department of Molecular and Clinical Medicine, 
Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden

2	 Department of Medicine, NU Hospital Group, Uddevalla, 
Sweden

3	 Department of Mathematical Sciences, Chalmers University 
of Technology and University of Gothenburg, Gothenburg, 
Sweden

4	 Statistiska Konsultgruppen, Gothenburg, Sweden
5	 University of Washington, School of Medicine, Seattle, WA, 

USA
6	 Department of Internal Medicine, Faculty of Medicine 

and Health, Örebro University, Örebro, Sweden

7	 Department of Medical Sciences, Uppsala University, 
Uppsala, Sweden

8	 Department of Internal Medicine and Department of Health, 
Medicine and Caring Sciences, Linköping University, 
Norrköping, Sweden

9	 Department of Medicine, Karolinska University Hospital 
Huddinge, Karolinska Institute, Stockholm, Sweden

10	 Department of Clinical Science and Education, Karolinska 
Institutet, Södersjukhuset, Stockholm, Sweden

11	 Department of Medicine, Centralsjukhuset, Kristianstad, 
Sweden

12	 Department of Medicine, Sahlgrenska University Hospital, 
Gothenburg, Sweden

13	 Behavioral Diabetes Institute, San Diego, CA, USA

https://doi.org/10.2337/dc14-1844
https://doi.org/10.2337/dc14-1844
https://doi.org/10.1111/1753-0407.13357
https://www.ndr.nu/pdfs/Arsrapport_NDR_2022.pdf
https://doi.org/10.1089/dia.2021.0225
https://doi.org/10.1210/er.2018-00284
https://doi.org/10.1210/er.2018-00284
https://doi.org/10.2337/diacare.27.6.1259
https://doi.org/10.2337/diacare.27.6.1259
https://doi.org/10.1210/clinem/dgac034
https://doi.org/10.1089/dia.2016.0392
https://doi.org/10.1089/dia.2016.0392
http://orcid.org/0000-0002-1302-3629
http://orcid.org/0000-0001-9447-663X
http://orcid.org/0000-0003-1675-8417
http://orcid.org/0000-0003-1961-3192
http://orcid.org/0000-0001-6187-5511
http://orcid.org/0000-0002-4757-9051
http://orcid.org/0000-0003-0035-0142
http://orcid.org/0000-0002-3462-7990
http://orcid.org/0000-0003-0464-6485
http://orcid.org/0000-0002-1119-5267
http://orcid.org/0000-0002-2083-2512
http://orcid.org/0000-0003-3877-6974
http://orcid.org/0000-0002-3796-9283

	Discordance between mean glucose and time in range in relation to HbA1c in individuals with type 1 diabetes: results from the GOLD and SILVER trials
	Abstract
	Aimshypothesis 
	Methods 
	Results 
	Conclusionsinterpretation 

	Introduction
	Methods
	Results
	Discussion
	References


