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ABSTRACT

Introduction We assessed the association between
hemoglobin A1c time in range (A1c TIR), based on unique
patient-level A1c target ranges, with risks of developing
microvascular and macrovascular complications in older
adults with diabetes.

Research design and methods We used a retrospective
observational study design and identified patients

with diabetes from the Department of Veterans Affairs
(n=397634). Patients were 65 years and older and
enrolled in Medicare during the period 2004—2016.
Patients were assigned to individualized A1c target ranges
based on estimated life expectancy and the presence or
absence of diabetes complications. We computed A1c

TIR for patients with at least four A1c tests during a 3-
year baseline period. The association between Alc TIR
and time to incident microvascular and macrovascular
complications was studied in models that included Alc
mean and A1c SD.

Results We identified 74 016 patients to assess for
incident microvascular complications and 89 625 patients
to assess for macrovascular complications during an
average follow-up of 5.5 years. Cox proportional hazards
models showed lower A1c TIR was associated with higher
risk of microvascular (A1c TIR 0% to <20%; HR=1.04;
95%) and macrovascular complications (A1c TIR 0%

to <20%; HR=1.07; 95%). A1c mean was associated
with increased risk of microvascular and macrovascular
complications but A1c SD was not. The association of Alc
TIR with incidence and progression of individual diabetes
complications within the microvascular and macrovascular
composites showed similar trends.

Conclusions Maintaining stability of A1c levels in unique
target ranges was associated with lower likelihood

of developing microvascular and macrovascular
complications in older adults with diabetes.

INTRODUCTION

Diabetes increases the risk of microvas-
cular and macrovascular complications' and
mortality.”* Microvascular and macrovascular
complications generate high costs of care
for patients with diabetes, with estimates for
treating complications ranging between one-
third and one-half of direct medical costs.*™
Development of one diabetes complication
increases the risk for additional complica-
tions.” 8 Furthermore, the trends for inci-
dence of diabetes complications appears to

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Intervention studies are needed to determine wheth-
er sex-specific physical activity recommendations
are needed as although moderate-to-vigorous in-
tensity physical activity is associated with lower risk
type 2 diabetes risk markers in men and women,
light intensity physical activity seems to be benefi-
cial in women only.

= Diabetes increases the risk of microvascular and
macrovascular complications and incidence of com-
plications appears to be increasing.

= Individualized A1c targets may help management of
diabetes.

= Considering the amount of time in range (TIR) that
an individual’s A1c stays within a targeted range
may be an important risk factor.

WHAT THIS STUDY ADDS

= Individuals who spent the least amount of time with
their A1c values within a targeted range had higher
risks of microvascular and macrovascular complica-
tions in both unadjusted and adjusted models.

= Among individuals with pre-existing complications,
lower time in a targeted A1c range was associat-
ed with progression or development of greater
complications for nephropathy and cardiovascular
conditions.

= Acomputed measure of A1c TIR was an independent
predictor of diabetes complications accounting for
Alc mean levels and variability.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= QOur findings suggest A1c TIR should be considered
when thinking about intensification of treatment.

be increasing.” Understanding factors that
lead to their development may help slow or
prevent new complications. Several studies
illustrate the complex relationship between
glucose control and target organ damage,
particularly in type 2 diabetes.'"’ " Lowering
mean hemoglobin Alc (Alc) reduces micro-
vascular complications but may not consis-
tently affect cardiovascular disease (CVD) or
mortality.

Additional risk information may be
contained in the variability of Alc over time.
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Alc variability has emerged as a significant risk factor
for microvascular and macrovascular complications and
mortality. Visit-to-visit Alc variation is an independent
risk factor beyond mean Alc levels for developing micro-
vascular and macrovascular complications' " as well as
short-term complications, such as hypoglycemia.'* Indi-
vidual Alc trends over time, particularly declining values,
may confer unique risks for mortality."”

Setting and achieving individualized Alc target ranges
is a potential pathway for limiting glycemic variability
and reducing short-term and long-term risks, particularly
for older adults.'® ' Moving beyond measures of average
Alc and variability, we operationalized a measure of Alc
stability over time, termed Alc time in range (Alc TIR).
Alc TIR applies patient-level characteristics and captures
Alc variability using individualized target ranges with
upper and lower bounds. Unlike Alc variability, which
is often reported as SD, Alc TIR is expressed as the
percentage of time a person’s Alc levels fall within
unique ranges. We recently showed that higher Alc TIR
is associated with lower risk of CVD and mortality."®

The current study builds on this prior research by
examining the association of Alc TIR with development
and progression of microvascular and macrovascular
diabetes complications in a large nationwide sample of
older Veterans with diabetes.

METHODS

Research design and methods

This was an observational cohort study over a multiyear
period.

Study population

Nationwide data were obtained from Veterans Affairs
(VA) and Medicare between 2004 and 2016. Patients who
were aged 65 years or older and enrolled in both VA and
Medicare were included to ensure greater confidence in
the comprehensiveness of clinical and outcome data. We
firstidentified patients with diabetes using diagnosis codes
(eg, two outpatient diagnoses or one inpatient diagnosis)
or prescribed antihyperglycemic medications based on
VA data."” Patients meeting these criteria between 2005
and 2012 were eligible for consideration. Each patient
had 4years of data used to establish their Alc TIR values.
This comprised a l-year initial period to determine the
presence of diabetes complications and estimate life
expectancy and then a 3-year baseline period to estab-
lish annual Alc target ranges and Alc TIR (see online
supplemental appendix A). Patients were required to
have four or more Alc tests during the baseline period.
Complications and comorbidities were updated annually
using the prior year’s clinical information to establish
the subsequent year’s Alc target range and Alc TIR. All
patients had at least 12 months of follow-up time before
the study period ended on 31 December, 2016. The final
sample size was 397634 patients.

Measures

The primary measure of interest was the per cent of time
during a 3-year baseline period when a patient’s Alc
levels fell within their unique target range. We regressed
incidence of diabetes complications and progression of
diabetes complications on Alc TIR and related patient-
level covariates. We controlled for facility variation and
calendar quarter effects.

A1c time in range

Patients were assigned to Alc target ranges based on
life expectancy and the presence or absence of diabetes
complications based on the VA/Department of Defense
Diabetes Clinical Practice Guideline.”” For our study,
we used a 3x3 table consisting of life expectancy (<b
years, 5—10 years, >10 years) and diabetes complications
(absent or mild; moderate or advanced). A patient’s posi-
tion in the table would determine their Alc target range,
with the lowest target range between 6.0% and 7.0% for
those with absent or mild complications and life expec-
tancy >10 years and the highest target range between 8%
and 9% for those with advanced complications or life
expectancy <) years.

First, to create the Alc TIR variable, we used a multi-
stage process that involved determining estimated life
expectancy using a weighted point system for both a
5-year and a 10-year mortality model.”! For baseline
years 1, 2, and 3, we used data from the preceding year
to assign patients into a unique Alc target range based
on their life expectancy and diabetes complications.
Patients needed to have at least four Alc tests with none
>12 calendar months apart. Alc TIR was calculated as
the percentage of days during the 3-year baseline period
when the Alc level was within the identified range. We
used linear interpolation and extrapolation to establish
the daily Alc level, which was summarized as a per cent of
time within range over the 3-year baseline period.

Diabetes Complications Severity Index
We used the Diabetes Complications Severity Index
(DCSI) to assess the overall severity of diabetes compli-
cations®® by combining International Classification of
Diseases-9/10 codes and laboratory values to catego-
rize patients based on the prevalence and incidence of
specific complications.” The measure comprised seven
categories—retinopathy, nephropathy, neuropathy, cere-
brovascular, cardiovascular, peripheral vascular diseases,
and metabolic—and scores each between 0 and 2, repre-
senting not present, mild, or severe. The neuropathy
category is scored as 0—-1. When all complication scores
are summed, the total DCSI score ranges from 0 to 13.
We created six separate and two composite complication
measures, namely a microvascular composite comprising
retinopathy, nephropathy, and neuropathy and a macro-
vascular composite consisting of cerebrovascular, cardio-
vascular, and peripheral vascular diseases.

We examined the commonly used incidence model**
as well as a novel progressive or incremental model. In
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the incidence models, we excluded patients who had pre-
existing complications (ie, score of 1 or 2) during the
baseline, and also excluded patients with conditions over-
lapping with Elixhauser comorbidity categories. Only
patients without such complications at baseline (ie, score
of 0) were followed for the development of a complica-
tion in the outcome period. In the composite measures,
patients who had no existing complications during
baseline for any of the three underlying measures were
followed until they developed a complication in any of
the three conditions during the outcome period. In the
progressive models, patients with a score of 1 (ie, mild
complications) for eligible complications during base-
line were followed to examine if and when they devel-
oped more severe complications (ie, score of 2).

Covariates

We accounted for several patient characteristics during
the baseline period that could influence the develop-
ment of diabetes complications. These included demo-
graphics, measures of ability to obtain VA services,
calendar quarter when the patient entered the study
cohort to examine time trends, and the VA medical
center where care was delivered to account for facility-
specific factors. We included Elixhauser comorbidities,”
the baseline DCSI score, diabetes medications, medica-
tion adherence (proportion of days covered 280%), and
several lab measures and clinical provider character-
istics to control for quality of care differences. We also
accounted for average Alc level, Alc SD, and number
of Alc tests during the baseline period to determine the
independent predictive role of Alc TIR.

Analysis

We estimated the effect of Alc TIR on developing each
of six specific diabetes complications and the microvas-
cular and macrovascular composites using Cox propor-
tional hazard regression models. Alc TIR was separated
into five categories of 0% to <20%, 20% to <40%, 40%
to <60%, 60% to <80%, and 80% to 100%. Patients were
followed from the end of their baseline period until they
experienced a censoring event (ie, development of a
diabetes complication or mortality) or through the end
of the study. We modeled Alc TIR and outcomes in both
unadjusted and adjusted models. As a sensitivity test,
we divided the study sample into quintiles with similar
proportions of patients based on Alc TIR. We also
examined categorical values of mean Alc to assess for
non-linear effects on diabetes complications.”® We also
examined progression of complications among patients
with existing complications (ie, whether they developed
a more severe complication). We examined incremental
risk discrimination statistics of models. Analyses were
conducted using STATA V.17 software.

RESULTS
Patients included in the analysis were 76.9 years of
age on average at the beginning of follow-up period,

predominantly white (86.3%) and male (98.7%)
(table 1). The average follow-up period was 5.5 years
(range 1-9 years). At the beginning of follow-up, 81% of
patients had an existing microvascular complication and
77% of patients had an existing macrovascular compli-
cation. Among the remaining patients, 71.4% of 74016
patients developed a new microvascular complication
and 63.9% of 89625 patients developed a new macro-
vascular complication during the outcome period. The
average baseline Alc was 7.0% (SD=0.98), patients had an
average of 6 Alc tests during the 3-year baseline period,
9.1% had an Alc TIR between 80% and 100%,and 48.7%
had an Alc TIR between 0% and 20%.

In unadjusted Cox proportional hazard models, there
was a graded relationship between lower Alc TIR with
incident microvascular (between 1.17 and 1.30) and
macrovascular complications (HR between 1.18 and
1.34) (online supplemental appendix Bl and B2). Indi-
vidual complication measures followed a similar pattern.

After controlling for all covariates, Alc TIR <80% was
associated with greater risks of incident microvascular
and macrovascular complications. For risk of developing
new microvascular complications during the follow-up,
the HR was 1.04 (95% CI 1.02 to 1.07) for patients with
Alc TIR 0% to <20% when compared with patients with
Alc TIR 80%-100%. HRs for each individual complica-
tion were similar (table 2). Survival probability curves
for new microvascular complications based on Alc TIR
(figure 1) confirmed the significant risk associated with
lower Alc TIR. Alc mean was also significantly associated
with the composite of microvascular complications and
individual complications. Alc SD was not associated with
the microvascular composite but had variable higher and
lower risks associated with individual components. Other
significant associations with incidence of new micro-
vascular complication included age, elevated BMI, and
insulin use (online supplemental appendix C1).

Similar results were seen for incident macrovascular
complications. Patients with Alc TIR <80% had greater
risk of macrovascular complications. For patients with Alc
TIR 0% to <20%,the HR was 1.08 (95% CI 1.05 to 1.10)
for incidence of macrovascular complications (table 3).
Alc mean was significantly associated (1.05; 95% CI
1.04 to 1.06) whereas Alc SD was not. Survival proba-
bility curves (figure 2) again illustrated the increased
risk associated with lower Alc TIR. Other measures that
were significant in the incident macrovascular compli-
cation model included age, increased BMI, elevated
LDL, urine albumin-to-creatinine ratio, and insulin use
(online supplemental appendix table C2). Risk discrimi-
nation model results for the microvascular and macrovas-
cular composites are presented in online supplemental
appendix table C3.

In sensitivity models, we examined associations of
Alc TIR and diabetes complications by quintiles of
the study population and found similar effects (online
supplemental appendix table B3). For the microvas-
cular complications, the HR was 1.05 (95% CI 1.02 to

BMJ Open Diab Res Care 2022;10:e002738. doi:10.1136/bmjdrc-2021-002738


https://dx.doi.org/10.1136/bmjdrc-2021-002738
https://dx.doi.org/10.1136/bmjdrc-2021-002738
https://dx.doi.org/10.1136/bmjdrc-2021-002738
https://dx.doi.org/10.1136/bmjdrc-2021-002738
https://dx.doi.org/10.1136/bmjdrc-2021-002738
https://dx.doi.org/10.1136/bmjdrc-2021-002738
https://dx.doi.org/10.1136/bmjdrc-2021-002738

Epidemiology/Health services research

3

Table 1 Selected descriptive demographic and
comorbidity statistics at baseline (n=397 634)

Mean (SD) or n (%)

Demographics
Age (years) at start of the follow-up period
68-72
73-76
77-81
82-105
Sex: male
Race/Ethnicity
White
Black
Hispanic
Asian
Other
Marital status
Married
Divorced/Separated
Widowed
Other
HbA1c time in range
80% to 100%
60% to <80%
40% to <60%
20% to <40%
0% to <20%
HbA1c (%) average of all tests during baseline
HbA1c SD of all tests during baseline

Diabetes Complications Severity Index mean
(highest score during baseline)

Albumin/Creatinine ratio (urine)
<30
30-300
>300
Missing

Creatinine
<0.6
0.6-1.2
>1.2
Missing

Albumin
<3.5
>3.5
Missing

HDL
<40
40-60
>60
Missing

LDL

76.93 (5.69)
81816 (20.6%)
97149 (24.4%)
108398 (27.3%)
110271 (27.7%)
392643 (98.7%)

342201 (86.3%)
42476 (10.7%)
6119 (1.5%)
1422 (0.4%)
4416 (1.1%)

271364 (68.4%)
53210 (13.4%)
54007 (13.6%)
19053 (4.8%)

36138 (9.1%)
40622 (10.2%)
51179 (12.9%)
76081 (19.1%)
193 614 (48.7%)
7.00 (0.98)

0.56 (0.44)

3.92 (2.50)

105213 (26.5%)
53022 (13.3%)
8828 (2.2%)
230571 (58.0%)

167 (0.1%)
231647 (58.3%)
154933 (39%)
10887 (2.7%)

25375 (6.4%)
331233 (83.3%)
41026 (10.3%)

213737 (53.8%)
153134 (41.0%)
19028 (4.8%)
1735 (0.4%)

Continued

Table 1 Continued

Mean (SD) or n (%)

<100 295312 (74.3%)
100-160 95932 (24.1%)
>160 2742 (0.7%)
Missing 3648 (0.9%)
Triglycerides
<200 313318 (78.8%)
>200 83300 (20.9%)
Missing 1016 (0.3%)
BMI (kg/m?) during baseline 30.2 (5.2)
<18.5 635 (0.2%)
18.5-24.9 50899 (12.8%)
25-29.9 151038 (38.0%)
30-39.9 160211 (40.3%)
>40 17730 (4.5%)
Missing 17121 (4.3%)
Medications*
Sulfonylurea 213116 (53.6%)
Biguanide 196329 (49.4%)
Insulin 97183 (24.4%)
Thiazolidinedione 63084 (15.9%)
Alpha-glucosidase inhibitors 7672 (1.9%)
Othert 6370 (1.6%)

Medication adherence —proportion of days 226599 (57.0%)
covered >80%

Select comorbidities observed during baseline period

Diabetes: type 1 4439 (1.12%)
Tobacco use 85943 (21.6%)
Cardiovascular disease 274554 (69.1%)
Cerebrovascular disease 120400 (30.3%)
Congestive heart failure 119723 (30.1%)
Hypertension 381357 (95.9%)

*Medications report all medications taken by a patient, hence the percentage
represents prevalence within each medication category.

TOther medications: amylin analog, bile acid sequestrants, dipeptidyl
peptidase inhibitor, dopamine receptor agonist, glucagon-like peptide,
meglitinides, sodium-glucose cotransporter inhibitor.

BMI, body mass index; HbA1c, hemoglobin A1c; HDL, high-density
lipoprotein; LDL, low-density lipoprotein.

1.08) for the lowest Alc TIR quintile (0%-2.54%) when
compared with patients in the highest Alc TIR quintile
(80.64%-100%). For macrovascular complications, the
HR was 1.10 (95% CI 1.06 to 1.13) for the lowest Alc
TIR quintile (0%—2.74%) when compared with patients
with the highest Alc TIR quintile (80.55%-100%). In
models assessing categorical Alc values, lower Alc TIR
had increased risks. We also observed a stepped increase
in risk as Alc values increased for both microvascular and
macrovascular complications, while Alc below 6.5% was
associated with lower microvascular risks (online supple-
mental appendix table B4).
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Table 2 Adjusted models HRs of A1c TIR predicting incident microvascular complications

Microvascular Retinopathy Neuropathy Nephropathy
Main predictor (n=74016) (n=235580) (n=222274) (n=168616)
Al1c TIR
80% to 100% 1.00 1.00 1.00 1.00

60% to <80%
40% to <60%
20% to <40%
0% to <20%

1.03* (1.00-1.07)
1.02 (0.99-1.05)

1.03* (1.00-1.06)
1.04* (1.02-1.07)

Alc SD 1.01 (0.98-1.04)
A1c mean 1.09* (1.08-1.11)
*P<0.05.

Alc, hemoglobin A1c; TIR, time in range.

Among patients with a pre-existing diabetes complica-
tion during the baseline period, we modeled the extent
to which Alc TIR associated with ‘progression’ or devel-
oping more severe complications in each category (ie,
severity score increased from 1 to 2) (online supple-
mental appendix table D). The HR coefficients were 1.08
(95% CI 1.04 to 1.12) for nephropathy; 1.07 (95% CI
1.04 to 1.11) for cardiovascular; and 1.07 (95% CI 1.00 to
1.14) for peripheral vascular when Alc TIR <20%. HRs
showed similar trends as with incident complications.
Alc TIR was nons-significant in models for retinopathy
and cerebrovascular. Alc mean was associated with wors-
ening of each of the complications.

DISCUSSION

We evaluated the association between Alc TIR and inci-
dence and progression of microvascular and macrovas-
cular complications among older Veterans with diabetes.
Alc TIR is derived from Alc levels and individualized Alc
target ranges that incorporate comorbidities, complica-
tions, and life expectancy. In models that controlled for

100%

80%-100%
——————— 60%-<80%
40%-<60%
-—mmm 20%-<40%
0-<20%

75%

50%

25%

Event-free probability (%)

0%

T T T T T ] T T T T
0 12 24 36 48 60 72 84 96 108
Months of follow-up
Number at risk

80%-100% 18452 16369 14142 11997 9551 7501 5929 4449 2078 420
60%-<80% 12524 10727 9065 7580 6003 4732 3685 2782 1935 319
40%-<60% 12677 10806 9050 7478 6000 4723 3754 2860 2044 399
20%-<40% 15302 12865 10583 8633 6789 5286 4151 3099 2229 446
0-<20% 30639 25643 21048 17051 13302 10324 7944 5952 4124 864

Figure 1 Kaplan-Meier estimates for time to incident

microvascular events by hemoglobin A1c time in range. A1c,
hemoglobin A1c.

1.03 (1.00-1.06)
1.04* (1.01-1.07)
1.04* (1.01-1.07)
1.05* (1.02-1.08) 1.04* (1.01-1.06)
0.92* (0.90-0.94)
1.17* (1.15-1.18)

1.07* (1.04-1.10)
1.05* (1.02-1.08)

( 1.03 (1.00-1.05)
(
1.05* (1.02-1.08)
(
(
(

1.05* (1.02-1.08)
1.04* (1.02-1.07)
1.06* (1.04-1.09)
0.95* (0.93-0.97) ( )
1.10* (1.09-1.11) ( )

1.08" (1.05-1.10
1.08* (1.07-1.09

patient characteristics, average Alc levels, and Alc SD,
we found that lower Alc TIR is associated with greater
risks of developing new microvascular and macrovascular
complications and progression to more severe complica-
tions. Our prior studies showed that lower Alc TIR is also
associated with increased risk of mortality and stroke/
myocardial infarction.'® These findings suggest that Alc
TIR is a potential marker of risk for major complications
and mortality among older adults with diabetes. Collec-
tively, these studies highlight that Alc stability within
individualized target ranges may convey important and
independent risk information beyond average Alc levels
alone, and further exploration of this line of investiga-
tion is warranted.

Major clinical trials in type 2 diabetes emphasize
the need to move beyond Alc levels alone as a means
of assessing risk for major diabetes complications and
mortality. Lower Alc per se may improve some micro-
vascular complications but does not significantly affect
macrovascular outcomes.” ** A meta-analysis of several
large trials reported that renal and retinal events may be
improved with intensive control but neuropathic compli-
cations are unaffected.” The UK Prospective Diabetes
Study examined intensive treatment in younger patients
with newly diagnosed diabetes and showed reductions in
microvascular but not macrovascular events during the
initial trial, although reduced cardiovascular events in
the intensive treatment group were later observed after
10years of post-trial follow-up.**! Despite these findings,
many clinical practice guidelines still set Alc treatment
goals with only upper limits,”*™® implying that a wide
range of levels below that threshold are acceptable. This
may expose older adults to risks of polypharmacy and
potential overtreatment, such as hospitalization for hypo-
glycemia and falls,”” * with uncertain benefits on risk of
diabetes complications or mortality.

We focused on Alc TIR as a key risk predictor after
adjusting for the average Alc level. Unlike traditional
measures of Alc variability, such as Alc SD, which are
heavily influenced by study population and sample
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Table 3 Adjusted HRs of A1c TIR predicting incident macrovascular complications

Macrovascular

Cardiovascular

Cerebrovascular Peripheral vascular

Main predictor (n=89625) (n=122135) (n=277 234) (n=228583)
Al1c TIR * * * *
80% to 100% 1.00 1.00 1.00 1.00

60% to <80%
40% to <60%
20% to <40%
0% to <20%

1.05* (1.02-1.08)
1.03* (1.00-1.06)
1.05* (1.02-1.08)
1.08* (1.05-1.11)

Alc SD 1.00 (0.98-1.03)
A1c mean 1.05* (1.04-1.06)
*P<0.05.

Alc, hemoglobin A1c; TIR, time in range.

characteristics, Alc TIR is a novel construct that incor-
porates both guideline-directed Alc levels and Alc
stability within those ranges. Our current study shows
that Alc TIR helps quantitate the risks associated with
both increased Alc mean as well as Alc variability with
diabetes complications and mortality. Although the addi-
tional information provided by Alc TIR beyond average
Alc in risk discrimination is minor, understanding the
clinical implications of this measure are important next
steps to test in clinical practice. It may be informative for
future studies to separate Alc TIR values into time spent
primarily above or below Alc target ranges. For example,
moving from higher to lower Alc TIR in which levels
are predominantly above or below the target range may
reflect changes in health conditions, lifestyle or behavior
changes, medication intensification, or medication non-
adherence. Whether low Alc TIR as a result of these and
other factors is associated with risk of complications will
be instructive. In addition, overtreatment or undertreat-
ment with a low Alc TIR may be due to clinician prac-
tice behavior” and unique factors related to the practice

100%

80%-100%
——————— 60%-<80%
40%-<60%
-—mmm 20%-<40%
0-<20%

75%

50%

25%

Event-free probability (%)

0%

T T T T T ] T T T T

0 12 24 36 48 60 72 84 96 108
Months of follow-up
Number at risk

80%-100% 15281 12414 9974 7959 5933 4408 3271 2281 1397 180
60%-<80% 9734 7517 5839 4543 3355 2441 1778 1221 768 115
40%-<60% 9566 7370 5573 4261 3179 2339 1733 1195 757 115
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Figure 2 Kaplan-Meier estimates for time to incident

macrovascular events by hemoglobin A1c time in range. Alc,
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environment.” Efforts to provide clinicians with audit
and feedback on patient-level Alc TIR may be a strategy
to enhance Alc stability over time among older adults."
Alc TIR may also be useful to consider in understanding
the benefits of new antihyperglycemic medications,*
such as sodium-glucose cotransporter-2,** glucagon-like
peptide-1,* or tirzepatide.*

Strengths and limitations
Strengths of this study include adopting the large
nationwide sample of older Veterans and an extended
follow-up period. Our use of both VA and Medicare
claims data provided a more comprehensive assessment
of diagnoses and outcomes. We developed a conceptu-
ally novel construct of Alc TIR during a 3-year baseline
period. We then adjusted for traditional indicators of
Alc variability (including mean and SD) and compre-
hensive sets of covariates related to demographic, clinical
markers, comorbidities, and medications and evaluated
its association with subsequent diabetes complications
during a follow-up period to minimize the risks of reverse
causation. Specifically, study models included Alc TIR
and patient characteristics, Alc mean, and Alc SD, with
the latter helping to isolate Alc TIR as a unique risk
predictor beyond other markers of glucose control.
Nonetheless, the study has limitations. The sample was
predominantly male, white, and over 65 years of age.
Determining how well Alc TIR differentiates outcomes
among a more diverse sample would help in under-
standing the robustness of Alc TIR as a risk predictor.
Furthermore, we studied military Veterans, who have
higher comorbidities than non-Veteran peers*® *’ and
were selected because of regular use of VA healthcare
services. Greater reliance on VA could influence compli-
cations through differences in treatment practices by
setting.”® Complications were assessed using coded data
and reflect how clinicians code for different conditions.
VA clinicians may be less focused on exact coding because
only a minority of patients have external billing. Finally,
several factors may also affect Alc stability over time,
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such as diabetes duration, engagement with diabetes self-
management, nutrition, and financial and social stability.
These are not typically captured in coded electronic
health record data. A limitation of the Alc TIR measure
is that Alc test results are obtained at a non-standardized
frequency or number. Study models included the number
of Alc tests, and this was not associated with outcomes. A
prospective study in newly diagnosed patients and those
with established diabetes, with Alc testing at 3—4months
intervals and attention to treatment transitions when new
medications are begun, would be informative to under-
stand the trajectory of Alc TIR and its relation to clinical
outcomes.*

In summary, lower Alc TIR during a 3-year baseline
was associated with an increased risk of incidence and
progression of microvascular and macrovascular compli-
cations independent of average Alc and categorical
levels of Alc and Alc SD. These results suggest that Alc
stability over time within unique target ranges is associ-
ated with a reduced risk of major diabetes complications
in older adults with diabetes.
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