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The Legacy Effect in Type 2
Diabetes: Impact of Early Glycemic

Control on Future Complications
(The Diabetes & Aging Study)

Diabetes Care 2019;42:416-426 | https://doi.org/10.2337/dc17-1144

OBJECTIVE

To examine for a legacy effect of early glycemic control on diabetic complications
and death.

RESEARCH DESIGN AND METHODS

This cohort study of managed care patients with newly diagnosed type 2 diabetes
and 10 years of survival (1997-2013, average follow-up 13.0 years, N = 34,737)
examined associations between HbA,;. <6.5% (<48 mmol/mol), 6.5% to <7.0%
(48 to <53 mmol/mol), 7.0% to <8.0% (53 to <64 mmol/mol), 8.0% to <9.0%
(64 to <75 mmol/mol), or 29.0% (=75 mmol/mol) for various periods of early
exposure (0-1, 0-2, 0-3, 0-4, 0-5, 0-6, and 0-7 years) and incident future
microvascular (end-stage renal disease, advanced eye disease, amputation) and
macrovascular (stroke, heart disease/failure, vascular disease) events and death,
adjusting for demographics, risk factors, comorbidities, and later HbA,.

RESULTS

Compared with HbA;. <6.5% (<48 mmol/mol) for the 0-to-1-year early exposure
period, HbA; . levels 26.5% (=48 mmol/mol) were associated with increased
microvascular and macrovascular events (e.g., HbA;. 6.5% to <7.0% [48 to
<53 mmol/mol] microvascular: hazard ratio 1.204 [95% ClI 1.063-1.365]), and
HbA,. levels 27.0% (=53 mmol/mol) were associated with increased mortality
(e.g., HbA;. 7.0% to <8.0% [53 to <64 mmol/mol]: 1.290 [1.104-1.507]). Longer
periods of exposure to HbA, levels >8.0% (=64 mmol/mol) were associated with
increasing microvascular event and mortality risk.

CONCLUSIONS

Among patients with newly diagnosed diabetes and 10 years of survival, HbA,
levels 26.5% (=48 mmol/mol) for the 1st year after diagnosis were associated with
worse outcomes. Immediate, intensive treatment for newly diagnosed patients
may be necessary to avoid irremediable long-term risk for diabetic complications
and mortality.

In the U.S., an estimated 1.4 million adults are newly diagnosed with diabetes every
year and present an important intervention opportunity for health care systems.
In patients newly diagnosed with type 2 diabetes, the benefits of maintaining an
HbA;. <7.0% (<53 mmol/mol) are well established. The UK Prospective Diabetes
Study (UKPDS) found that a mean HbA,. of 7.0% (53 mmol/mol) lowers the risk of
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diabetes-related end points by 12-32%
compared with a mean HbA;. of 7.9%
(63 mmol/mol) (1,2). Long-term obser-
vational follow-up of this trial revealed
that this early glycemic control has du-
rable effects: Reductions in microvas-
cular events persisted, reductions in
cardiovascular events and mortality
were observed 10 years after the trial
ended, and HbA; values converged (1).
Similar findings were observed in the
Diabetes Control and Complications Trial
(DCCT) in patients with type 1 diabetes
(2—4). These posttrial observations have
been called legacy effects (also metabolic
memory) (5), and they suggest the im-
portance of early glycemic control for
the prevention of future complications
of diabetes. Although these clinical trial
long-term follow-up studies demon-
strated legacy effects, whether legacy
effects exist in real-world populations,
how soon after diabetes diagnosis leg-
acy effects may begin, or for what level
of glycemic control legacy effects may
exist are not known.

In a previous retrospective cohort study,
we found that patients with newly di-
agnosed diabetes and an initial 10-year
HbA, trajectory that was unstable (i.e.,
changed substantially over time) had an
increased risk for future microvascular
events, even after adjusting for HbA,.
exposure (6). In the same cohort pop-
ulation, this study evaluates associations
between the duration and intensity of
glycemic control immediately after di-
agnosis and the long-term incidence of
future diabetic complications and mor-
tality. We hypothesized that a glycemic
legacy effect exists in real-world popu-
lations, begins as early as the 1st year
after diabetes diagnosis, and depends on
the level of glycemic exposure.

RESEARCH DESIGN AND METHODS

Source Population

Since 1993, the Kaiser Permanente
Northern California (KPNC) Diabetes Reg-
istry has maintained a cohort of patients
with diabetes (7,8). Patients with diabe-
tes are identified through an algorithm
that is based on any of the following: 1)
inpatient diagnosis (principal diagnosis
of ICD-9 code 250), 2) outpatient diagnosis
(two or more diagnoses with ICD-9 code
250, excluding diagnoses collected in
the emergency, optometry, or ophthal-
mology departments), 3) two abnormal
outpatient laboratory results (fasting

glucose =126 mg/dL, random or post-
challenge [75-g] glucose =200 mg/dL,
HbA;. =6.5% [=48 mmol/mol] tested
on separate days within a 3-year period), or
4) pharmacy use (prescription for insulin
or oral antihyperglycemic medications)
(9). This algorithm has been compared
internally with chart review, and its sen-
sitivity was 96% for identifying patients
with diabetes (8). This study, a substudy
of the National Institute of Diabetes and
Digestive and Kidney Diseases—funded
Diabetes & Aging Study, used KPNC Di-
abetes Registry data to examine the
epidemiology of diabetes across the
life course (6,10-13). The study received
institutional review board approval from
the Kaiser Foundation Research Insti-
tute (Oakland, CA) and The University of
Chicago (Chicago, IL).

The current study is a follow-up to our
previous analysis describing associations
between 10-year HbA, trajectories and
risk of diabetic complications in patients
with newly diagnosed diabetes (6). We
used the same initial cohort, defined as
patients diagnosed with type 2 diabetes
between 1997 and 2003 who had con-
tinuous membership in KPNC for at least
2 years before diagnosis and at least
10 years of survival after diagnosis (Sup-
plementary Fig. 1). It was necessary to
include patients who survived for at
least 10 years to study the effects of
various periods of early HbA,. exposure
on outcomes. All patients received
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standard diabetes care from KPNC while
enrolled in the health system. We ex-
cluded patients with anemia during the
study period because of potential inac-
curacies of HbA;. in assessing glycemic
exposure in these patients (14-16). We
also excluded patients who did not
have any HbA;. results during the first
3 months after diagnosis and who did
not have a second HbA;. result during
the first 2 years after diagnosis because
we were unable to classify their levels
of early HbA;.exposure. In addition, we
excluded patients who had missing
HbA ;. results for more than one-half of
the follow-up years after year 3 because
patients with frequent missing HbA;.
values may have been receiving care
outside of Kaiser and may be missing
clinical outcome data.

Design

This study used survival analysis methods
to examine associations of various peri-
ods of early glycemic exposure and var-
ious levels of glycemic exposure with
the risks for subsequent diabetic com-
plications and death. Figure 1 defines
the seven early exposure periods and
subsequent follow-up periods. In total,
21 Cox proportional hazards models
(seven early exposure periods multiplied
by three outcomes of interest) were used
to analyze these associations. For each
outcome, because the seven models
differed in the number of years of early

Early Exposure Follow-up
Period Period

Oto1Year —F -=------------- e >

0to 2 Years |—+_ _______________________________ >

0to 3 Years |—|_ ____________________________ >

0to 4 Years I = _________________________ >

Oto 5 Years | ety >

0to 6 Years | e >

0to 7 Years : : _______________ >
T T T 1 T T T T T P
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Years Since Diabetes Diagnosis

Figure 1—Definitions of early exposure periods and subsequent follow-up periods for the research

design.
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glycemic exposure, differences in hazard
ratios (HRs) across models reflect ad-
ditional hazards as a result of longer
durations of early HbA;. exposure
compared with an HbA;. <6.5% (<48
mmol/mol) for the same duration of
exposure.

Exposure

To explore the effects of various periods
of early glycemic exposure, we defined a
family of seven early exposure periods
(0-1, 0-2, 0-3, 04, 0-5, 0-6, and 0-7
years), beginning with 3 months after
the first measured HbA . result (Fig. 1).
The mean HbA,. value was calculated
for each early exposure period by us-
ing all HbA,. results except those mea-
sured within 3 months after diagnosis.
These initial values were excluded be-
cause they reflect control before treat-
ment was initiated, and the glycemic
legacy effect has been demonstrated
only in populations receiving diabetes
treatment.

To explore the effects of various levels
of glycemic exposure, the mean HbA,.
value for each of the seven early expo-
sure periods was categorized into either
HbA;. <6.5% (<48 mmol/mol), 6.5% to
<7.0% (48 to <53 mmol/mol), 7.0%
to <8.0% (53 to <64 mmol/mol),
8.0% to <9.0% (64 to <75 mmol/
mol), or =9.0% (=75 mmol/mol) or as
missing if no values were available. All
HbA,. assays were conducted at KPNC's
centralized laboratory, which is certified
by the NGSP (16).

Outcomes

The outcomes of interest were incident
future advanced microvascular events,
macrovascular events, and death. Ad-
vanced microvascular events included
end-stage renal disease, diabetic eye
disease, and lower-extremity amputa-
tion; macrovascular events included ce-
rebrovascular disease, heart disease,
heart failure, and vascular disease.
Events were ascertained on the basis
of a combination of outpatient, emer-
gency department, or inpatient pri-
mary diagnostic or procedure codes
(Supplementary Table 1). Advanced di-
abetic eye disease was identified by di-
agnostic codes for proliferative diabetic
retinopathy, diabetic macular edema,
or blindness/low vision and procedure
codes for destruction of a localized ret-
inal lesion, destruction or treatment of

extensive/progressive retinopathy, or
photocoagulation. We included only
the first occurrence of microvascular
and macrovascular events. Mortality
data were obtained from the Califor-
nia state mortality file, social security
death records, and Kaiser administrative
records.

Covariates

We adjusted for potentially confounding
variables. Models adjusted for sex, race/
ethnicity, age at diagnosis, and year of
diagnosis as well as for cardiovascular
risk factors (total and HDL cholesterol,
BMI, blood pressure, smoking status),
using the last observed value for each of
the seven early exposure periods. When
there were issues with missing data,
the last observation was carried back-
ward. Certain cardiovascular risk factors
were more likely to be missing than other
variables, reflecting systematic differ-
ences in how variables were collected
in clinical practice during the study pe-
riod. For example, BMI and smoking data
were available in only one-half of pa-
tients in years 4 and 6 after diabetes
diagnosis, respectively, whereas choles-
terol and blood pressure data were
available in 85% of patients in years
1 and 3 after diabetes diagnosis.

In addition, models adjusted for the
Charlson comorbidity index (17). We
calculated the Charlson comorbidity in-
dex using several years of data because
of concerns about missing diagnostic
codes in the administrative database. The
Charlson comorbidity index for the O-
to-1- and O-to-2-year early exposure peri-
ods was calculated using 3 years of data,
starting with data from 2 years before
diagnosis. For the 0-to-3- and 0-to-4-year
early exposure periods, the Charlson co-
morbidity index was calculated using
5 years of data, starting with data from
2 years before diagnosis, and for the 0-to-
5-, 0-to-6-, and O-to-7-year early exposure
periods, it was calculated using data from
the first 5 years after diabetes diagnosis.

Finally, models adjusted for glycemic
exposure after each of the seven early
exposure periods. This variable was de-
fined similarly to how glycemic exposure
was defined during the early expo-
sure periods. For each patient, the mean
HbA;. value was calculated for the time
period after each early exposure pe-
riod and before incidence of the out-
come under study for each of the 21 Cox
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proportional hazards models. These 21
mean values were then categorized as
HbA;. <6.5% (<48 mmol/mol), 6.5%
to <7.0% (48 to <53 mmol/mol), 7.0%
to <8.0% (53 to <64 mmol/mol), 8.0%
t0 <9.0% (64 to <75 mmol/mol), or =9.0%
(=75 mmol/mol).

Statistical Analysis

We summarized data for patient char-
acteristics using means and SDs for
continuous variables and counts and
percentages for categorical variables
stratified by the O-to-1-year early expo-
sure period. We used the x? test for bivar-
iate statistics for categorical variables
and the Mann-Whitney U test for contin-
uous variables.

In total, 21 Cox proportional hazards
models were used to examine associa-
tions between glycemic control for the
seven successively longer early expo-
sure periods and risk for subsequent
microvascular or macrovascular events
or death (Fig. 1). The measure of time
was the number of years since diabetes
diagnosis.

We adjusted for demographics (age at
diagnosis, sex, race/ethnicity), diagnosis
year, cardiovascular risk factors, HbA;,
after the early exposure period, and
comorbidity. Because we were inter-
ested in incident future events, for
each of the seven early exposure periods,
we excluded patients who had prevalent
(preexisting) microvascular (or macro-
vascular) complications during the rele-
vant early exposure period for models
examining microvascular (or macrovas-
cular) complications, as appropriate. For
example, if a patient had a diagnosis of
end-stage renal disease in year 2 after
diabetes diagnosis, the patient was in-
cluded in models that examined the
association between the 0- and 1-year
early glycemic exposure period and in-
cident future microvascular complica-
tions. However, this patient would be
excluded from models examining asso-
ciations between the 0- and 2-year early
glycemic exposure period and incident
future microvascular complications.

For each of the 21 models, patient
follow-up was censored after the first
occurrence of the outcome of interest,
dropout from KPNC (for advanced mi-
crovascular and macrovascular events),
or end of follow-up (31 December
2013). Overall, 1,732 patients (5.0%)
dropped out, and 32,930 (94.8%) were
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administratively censored at the end of
follow-up. For each combination of seven
early exposure periods and three out-
comes, the time to event or censoring
was the number of years from the be-
ginning of the month following the end
of the early exposure period to the be-
ginning of the month of the incident
outcome.

We conducted sensitivity analyses to
assess how results changed with other
modeling assumptions. Because the
models with various early exposure pe-
riods had different follow-up periods,
which may affect results, we conducted
a sensitivity analysis for the microvas-
cular and macrovascular outcomes in
which we right censored patient follow-up
at 5 years of follow-up. A two-sided P <
0.05 was considered statistically signifi-
cant for all analyses. Analyses were com-
pleted using SAS 9.4 statistical software
(SAS Institute, Cary, NC).

RESULTS

Overall, 34,737 eligible patients were
included in the study. Mean follow-up
after diagnosis was 13.0 years (SD 1.9
years) (Table 1). The mean age at di-
agnosis was 56.8 years (SD 11.0 years).
During the 1st year after diagnosis (0-to-
1-year early glycemic exposure period),
41.1% (n = 14,286) of patients had an
average HbA;. <6.5% (<48 mmol/mol),
16.9% (n = 5,877) had an average HbA;,
6.5% to <7.0% (48 to <53 mmol/mol),
13.6% (n = 4,730) had an average HbA;.
7.0% to <8.0% (53 to <64 mmol/mol),
4.1% (n = 1,418) had an average HbA;.
8.0% to <9.0% (64 to <75 mmol/mol),
3.7% (n = 1,290) had an average HbA;,
=9.0% (=75 mmol/mol), and 20.5%
(n = 7,136) did not have a second HbA;.
value. Patients who had a mean HbA;.
<6.5% (<48 mmol/mol) in the 0-to-1-
year early exposure period were older,
more likely to be non-Hispanic white, and
less likely to be current smokers and
had a lower BMI and total cholesterol
than those with higher mean HbA;.
levels. In addition, they were less likely
to be taking both metformin and sulfo-
nylureas during their 1st year after di-
agnosis. During the first 7 years after
diabetes diagnosis, only 4.9% of patients
had the same HbA; level for each of the
7 years; 50.4% of patients had >1 year
with a higher HbA, level, and 30.4% of
patients had >1 year with a lower HbA;.
level; 14.3% of patients had years with

both higher and lower HbA,. levels.
Overall, chronic kidney disease stage
4 or 5 was present in only 53 patients.

Microvascular and Macrovascular
Events

Figure 2A and B depicts HRs comparing
microvascular and macrovascular event
rates for the various HbA,. early expo-
sure periods and levels, compared with
an HbA;. <6.5% (<48 mmol/mol) for the
same early exposure periods. With re-
gard to our hypothesis that the legacy
effect begins the 1st year after diagno-
sis, we found that patients with HbA,.
levels =6.5% (=48 mmol/mol) for the
0-to-1-year early exposure period had a
higher risk for microvascular and macro-
vascular events than patients with HbA;,
levels <6.5% (<48 mmol/mol) for the
same period (e.g., HbA;. 6.5% to <7.0%
[48 to <53 mmol/mol]: HR 1.204 [95% Cl
1.063-1.365]) (Table 2).

With regard to our hypothesis that
the legacy effect depends on the level
of glycemic exposure, we found that
longer periods of early glycemic expo-
sure at HbA;. levels 6.5% to <8.0%
(48 to <64 mmol/mol) did not increase
the risk of microvascular or macrovas-
cular events during follow-up. However,
longer periods of exposure to HbA;.
levels =8.0% (=64 mmol/mol) were
associated with an increasing risk of
microvascular events. HbA;. levels
=9.0% (=75 mmol/mol) for early expo-
sure periods >0-4 years were associated
with an increasing risk of macrovascular
events.

Mortality

Figure 2C presents the risks of mortality
for various durations and levels of early
glycemic exposure compared with an
HbA;. <6.5% (<48 mmol/mol) for the
same durations of exposure. Compared
with an HbA;. <6.5% (<48 mmol/mol)
for the 0-to-1-year early exposure pe-
riod, HbA,. levels of 7.0% to <8.0%
(53 to <64 mmol/mol) and =9.0%
(=75 mmol/mol) were associated
with a higher risk of mortality (HR
1.290 [95% Cl 1.104-1.507] and 1.320
[1.017-1.713], respectively). HbA;. 8.0%
to <9.0% (64 to <75 mmol/mol) for the
0-to-2-year early exposure period was as-
sociated with a greater risk of mortality
(1.240 [1.088-1.414]) compared with an
HbA;. <6.5% (<48 mmol/mol) for the
same early exposure period. For all early

exposure periods, HbA;. 6.5% to <7.0%
(48 to <53 mmol/mol) was not associ-
ated with a higher risk of mortality dur-
ing follow-up.

Longer early exposure periods with
HbA;. levels <8.0% (<53 mmol/mol)
were not associated with increases in
mortality risk. However, longer early ex-
posure periods with HbA1. levels =8.0%
(=53 mmol/mol) were associated with
increasing mortality risk.

Early Missing HbA;.

During the 1st year after diagnosis (0-to-
1-year early exposure period), patients
without an HbA;. value after the first
3 months after diagnosis had a higher
risk of microvascular (HR 1.354 [95% CI
1.218-1.505]) and macrovascular (1.112
[1.050-1.177]) events and mortality
(1.235 [1.094-1.394]) (Table 2).

Sensitivity Analyses

When follow-up time was right censored
at 5 years, relationships between the
duration and intensity of early glyce-
mic exposure and microvascular and
macrovascular events did not change
(Supplementary Fig. 2).

CONCLUSIONS

In this large cohort study of patients with
newly diagnosed diabetes and at least
10 years of survival after diagnosis, we
found that diabetes control during the
1st year after diagnosis was strongly
associated with future risk for diabetic
complications and mortality, even after
adjusting for glycemic control after the
1st year. Overall, the duration and in-
tensity of early glycemic control were
both closely aligned with outcomes.
Compared with an HbA;. <6.5%
(<48 mmol/mol) for the 1st year after
diagnosis, higher HbA,. levels were as-
sociated with a higher risk for microvas-
cular and macrovascular events, and
HbA,. levels =7.0% (=58 mmol/mol)
were associated with a higher risk for
mortality. The risk of complications did
not increase significantly when the early
period was characterized by longer peri-
ods of HbA,. levels of 6.5% to <8.0%
(48 to <64 mmol/mol) (rather than just
the 1st year after diabetes diagnosis).
However, longer exposure to HbAi.
levels =8.0% (=64 mmol/mol) was as-
sociated with an increased risk for mi-
crovascular events and mortality.

The current study suggests that failure to
achieve an HbA;. <6.5% (<48 mmol/mol)
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Table 1—Continued

HbA,.

8.0% to <9.0%
(64 to <75 mmol/mol)

7% to <8.0%
(53 to <64 mmol/mol)

6.5% to <7.0%

(48 to <53 mmol/mol)

<6.5% (<48

P value

Missing

=9.0% (75 mmol/mol)

mmol/mol)

Overall

Oral diabetes medication,

<0.0001

n (%)
Biguanide only

1,005 (5)
5,606 (31)

215 (11)
812 (42)

257 (13)
779 (40)

935 (15)
1,960 (32)

947 (13)
1,898 (26)

2,024 (11)

5,383 (10)

6,163 (32)

17,218 (31)

Sulfonylurea only

Biguanide and sulfonylurea

378 (2)
11,353 (62)

303 (16)
584 (31)

252 (13)
667 (34)

471 (8)
2,717 (45)

331 (4)
4,189 (57)

628 (3)
10,340 (54)

2,363 (4)

29,850 (54)

only
None

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

381 (2)

107 (6)

68 (3)
464 (24)

167 (3)
1,727 (28)

109 (1)
2,471 (34)

512 (3)
5,257 (27)

1,344 (2)

Insulin, n (%)
Statin, n (%)

2,345 (13)

314 (16)
263 (20.4)
452 (35.0)

66 (5.1)

12,578 (23)
3,185 (9.2)
10,864 (31.3)

736 (10.3)
2,168 (30.4)

182 (12.8)
450 (31.7)

459 (9.7)
1,473 (31.1)

475 (8.1)
1,822 (31.0)
268 (4.6)

1,070 (7.5)
4,499 (31.5)

Microvascular events, n (%)

Macrovascular events, n (%)

Death, n (%)

437 (6.1)

68 (4.8)

224 (4.7)

744 (5.2)

1,807 (5.2)

Percentages may not total 100% as a result of rounding. To convert TC and HDL-C to millimoles per liter, multiply by 0.259. HDL-C, HDL cholesterol; TC, total cholesterol.

within the 1st year after diabetes di-
agnosis is sufficient to establish an ir-
remediable long-term future risk of
microvascular and macrovascular com-
plications. In addition, failure to achieve
an HbA;. <7.0% (<53 mmol/mol) within
the 1st year after diabetes diagnosis may
lead to an irreversible increased risk of
mortality. These findings are supported
by previous cohort studies that showed
that failure to intensify diabetes treat-
ments in patients with elevated HbA;.
values is associated with increased ret-
inopathy and cardiovascular events
(18,19).

Longer periods of early exposure to a
mean HbA;. <8.0% (<64 mmol/mol) in
the current study were not associated
with an increased risk of complications;
however, lower periods of early exposure
to an HbA;. =8.0% (=64 mmol/mol)
were associated with an increased future
risk of microvascular events and mortal-
ity. The interaction between the duration
and intensity of glycemic exposure and
outcomes aligns with the pathophysio-
logic understanding of the glycemic leg-
acy effect and patient outcomes from
the DCCT and UKPDS. In cellular and
animal models, persistent harm associated
with historical hyperglycemia has been
attributed to mitochondrial superoxide
overproduction, leading to increased
advanced glycation end products, acti-
vation of protein kinase C, fructose pro-
duction, and increased flux through the
hexosamine pathway (20,21). In the
DCCT, patients with elevated levels
of advanced glycation end products
had higher rates of microvascular com-
plications (22). Furthermore, patients
randomized to early intensive glyce-
mic control in the UKPDS and DCCT
had a legacy of benefits that lasted
10 and 25 additional years, respectively
(1,4).

The current results suggest that the
patient’s lifetime history of glycemic
control may be necessary to understand
why patients with longstanding diabetes
develop complications despite excellent
control later in the course of their dis-
ease. The association between the first
years of glycemic control and outcomes
also should be considered when formu-
lating public health and health care policy
regarding the intensity of efforts to con-
trol hyperglycemia to improve diabetes
outcomes for patients with longstanding
diabetes. Young (ages 18-39 years) and


http://care.diabetesjournals.org

422

Legacy Effect in Type 2 Diabetes: Cohort Study

Diabetes Care Volume 42, March 2019

A

HR (95% CI) B

—— 6.437 (5.246-7.899)
07 — 2.580 (2.123-3.135) 07
—— 1.606 (1.359-1.899)
o— 1.194 (1.006-1.418)
—— 4.869 (4.030-5.882)
06 —_ 2.252 (1.879-2.700) 0-6
—— 1.543 (1.324-1.797)
o 1.137 (0.970-1.333)
_ —— 4.094 (3.427-4.893) _
@ —_— 2.111 (1.779-2.506) 4
5 05 —= 1.441 (1.246-1.666) § o5
z 1.263 (1.091-1.462) z
3 B
2 —— 3.687 (3.123-4.352) 5
L —_— 1.894 (1.608-2.231) S oa
g - 1.461 (1.277-1.673) g
2 —— 1.252 (1.091-1.436) 2
Q %
[} —— 3.193 (2.738-3.723) ]
> 03 J—— 1.835 (1.571-2.145) 2 03
5 O - 1.453 (1.281-1.648) 8
—-— 1.194 (1.049-1.359)
—— 2.756 (2.396-3.170)
02 — 1.700 (1.460-1.980) 02
= 1.497 (1.331-1.684)
- 1.259 (1.117-1.419)
—— 2.213 (1.892-2.590)
01 —— 1.603 (1.340-1.917) 01
= 1.391 (1.226-1.578)
- 1.204 (1.063-1.365)
01 1 10 0.1

Adjusted Hazard Ratio

® HbATC 6.5% to <7.0% (48 to <53 mmol/mol)

C

0-7
0-6
0-5
0-4

0-3

Early Exposure Period (Years)

0-2

0-1
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® HbATc 6.5% to <7.0% (48 to <53 mmol/mol)
4 HbA1c 8.0% to <9.0% (64 to <75 mmol/mol)
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Adjusted Hazard Ratio

® HbA1c 6.5% to <7.0% (48 to <53 mmol/mol)
4 HbA1c 8.0% to <9.0% (64 to <75 mmol/mol)
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—— 2,113 (1.847-2.417)
- 1.577 (1.412-1.760)

= 1.327 (1.221-1.442)
- 1.135 (1.046-1.232)
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=

Adjusted Hazard Ratio

O HbA1c 7.0% to <8.0% (53 to <64 mmol/mol)
< HbA1c =9.0% (>75 mmol/mol)

HR (95% ClI)

2.181(1.713-2.778)
1.661 (1.378-2.003)
1.269 (1.106-1.457)
1.076 (0.938-1.233)

1.932 (1.523-2.451)
1.561 (1.296-1.880)
1.278 (1.116-1.464)
1.097 (0.959-1.255)

1.747 (1.382-2.208)
1.554 (1.294-1.867)
1.238 (1.083-1.415)
1.070 (0.937-1.221)

1.676 (1.337-2.100)
1.453 (1.211-1.742)
1.224 (1.074-1.395)
1.013 (0.889-1.155)

1.503 (1.211-1.865)
1.376 (1.145-1.654)
1.189 (1.044-1.353)
0.975 (0.856-1.109)

1.528 (1.245-1.876)
1.274 (1.047-1.551)
1.240 (1.088-1.414)
1.093 (0.962-1.241)

1.320 (1.017-1.713)
1.262 (0.978-1.628)
1.290 (1.104-1.507)
1.137 (0.985-1.313)

0O HbA1c 7.0% to <8.0% (53 to <64 mmol/mol)
< HbA1c >9.0% (>75 mmol/mol)

Figure 2—A: Microvascular events (vs. HbA;. <6.5% [<48 mmol/mol]). B: Macrovascular events (vs. HbA;. <6.5% [<48 mmol/mol]). C: Mortality
(vs. HbA;. <6.5% [<48 mmol/mol]). HRs adjusted for year of diagnosis, age at diagnosis, sex, race/ethnicity, BMI, systolic and diastolic blood pressure,
total cholesterol, HDL cholesterol, smoking status, HbA;. after each early exposure period, and comorbidity.

middle-aged adults (ages 40-64 years),
however, have been found to have sub-
stantially higher glycemic levels than
older adults (23), which is a missed op-
portunity; treating patients with dia-
betes earlier and more intensively has
the potential to confer substantial, long-
term improvements in public health. Our
finding of a relationship between missing
data in the 1st year being predictive of
future events also suggests the value for
aggressive follow-up or educational ef-
forts for patients who do not use offered

services. Thus, public health and health
care policy should put a greater emphasis
on achieving early glycemic control as an
avenue for improving lifetime outcomes
for patients with diabetes.

This study has several strengths and
limitations. Because we studied only pa-
tients with newly diagnosed diabetes and
at least 10 years of survival, the results
are not generalizable to patients with
established diabetes or to those with a
high risk of mortality after diabetes di-
agnosis. It is possible that patients with

established diabetes may benefit from
HbA;. <6.5% (<48 mmol/mol) control,
but the benefits may take decades to
become evident, and patients may die
as a result of nondiabetes-related causes
in the meantime. For example, in the Vet-
erans Affairs Diabetes Trial (VADT), which
randomized patients with established
diabetes (mean 11.5 years) to intensive
glycemic control or standard therapy
(median HbA;. 6.9% [52 mmol/mol]
vs. 8.4% [68 mmol/mol]) for 5.6 years,
reductions in major cardiovascular
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Table 2—Continued

Macrovascular events Death

Microvascular events

Adjusted HR (95% Cl) P value

n/total n

P value

Adjusted HR (95% Cl)

n/total n

Adjusted HR (95% Cl) P value

n/total n

Early period and mean glycemic control

0-6 years

HbA,

Reference
1.097 (0.959-1.255)

505/8,463

Reference
1.074 (0.996-1.159)
1.299 (1.204-1.402)
1.368 (1.233-1.517)
1.734 (1.530-1.964)

1,524/7,122

Reference
1.137 (0.970-1.333)

1.543 (1.324-1.797)
2.252 (1.879-2.700)
4.869 (4.030-5.882)

343/8,192

<6.5% (<48 mmol/mol)

0.177
0.0004
<0.0001
<0.0001

432/8,580
547/11,120

0.064
<0.0001
<0.0001
<0.0001

1,433/7,362

0.112
<0.0001
<0.0001
<0.0001

319/8,328
523/10,696

6.5% to <7.0% (48 to <53 mmol/mol)

1.278 (1.116-1.464)
1.561 (1.296-1.880)
1.932 (1.523-2.451)

1,967/9,671

7.0% to <8.0% (53 to <64 mmol/mol)

207/4,199

713/3,683
486/2,158

322/4,034
424/2,233

8.0% to <9.0% (64 to <75 mmol/mol)

=9.0% (=75 mmol/mol)

0-7 years

116/2,375

HbA;.

Reference
1.076 (0.938-1.233)

476/7,660

Reference
1.135 (1.046-1.232)
1.327 (1.221-1.442)
1.577 (1.412-1.760)
2.113 (1.847-2.417)

1,222/6,245
1,320/7,226
1,783/9,959

Reference
1.194 (1.006-1.418)
1.606 (1.359-1.899)
2.580 (2.123-3.135)
6.437 (5.246-7.899)

272/7,372

<6.5% (<48 mmol/mol)

0.295

441/8,654

0.002
<0.0001
<0.0001
<0.0001

0.043
<0.0001
<0.0001
<0.0001

295/8,371
481/11,178

6.5% to <7.0% (48 to <53 mmol/mol)

0.001

1.269 (1.106-1.457)
1.661 (1.378-2.003)
2.181 (1.713-2.778)

562/11,672

7.0% to <8.0% (53 to <64 mmol/mol)

<0.0001
<0.0001

213/4,389
115/2,362

689/3,797

310/4,202
414/2,201

8.0% to <9.0% (64 to <75 mmol/mol)

=9.0% (=75 mmol/mol)

447/2,107

Allmodels adjusted for year of diagnosis, age at diagnosis, sex, race/ethnicity, BMI, systolic and diastolic blood pressure, total cholesterol, HDL cholesterol, smoking status, HbA, . after each early period, and comorbidity.
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events were detected only after 10 years
of total follow-up (24). A long-term
follow-up cohort study in a nonclinical trial
population will be necessary to explore
the effects of early versus later glycemic
exposure in patients with established
diabetes. In addition, the observed pat-
terns between glycemic exposure and
clinical outcomes may differ if we used
other thresholds for defining glycemic
exposure. The current study questions
required a long follow-up, during which
important secular changes in diabetes
screening, (25) intensity of glycemic
control (26), and outcomes (27) may
have affected our findings. Although we
adjusted for year of diagnosis to address
issues with secular trends, residual con-
founding may still be present.

The study population was a managed
care population from northern Califor-
nia, and this population is notable for its
location, ethnic diversity, and sociode-
mographics. However, of note, 90% of
patients with diabetes have health in-
surance (28), and KPNC cares for patients
with a full range of insurance. In addi-
tion, because patients in KPNC are all
offered uniform access to care within an
integrated health care delivery system,
confounding as a result of differential
access to care is less of an issue by using
KPNC data. Because this epidemiologic
study includes all patients in KPNC with
diabetes who survived 10 years after
diagnosis, the predictor-outcome rela-
tionships that we identified should be
widely generalizable, even if the distri-
butions of HbA;. exposure observed in
this population may not apply to other
settings. Furthermore, previous studies
have demonstrated that quality of care
at KPNC is comparable to other large
health care delivery systems across the
u.S. (29).

A major limitation is the inability to
comment on causality. It is possible that
HbA,. at the time of diagnosis reflects
inherent differences in baseline disease
severity or patient characteristics that
determine long-term outcomes. Further-
more, we relied on historical adminis-
trative databases to gather outcome data
rather than a clinical adjudication of end
points. Although there can be misclassi-
fication, we do not anticipate bias as a
result of coding of events because that
misclassification would unlikely differ
systematically by timing, duration, and
degree of glycemic exposure. We were



care.diabetesjournals.org Laiteerapong and Associates 425

unable to study the effect of aspirin,
behavioral factors, or cause of death
because these are not well documented
in medical records, which may have led
to an overestimation of the relation-
ships between early HbA;. exposure
and outcomes. We also did not analyze
the effects of prescription medications
because in the relationship between
glycemic exposure and diabetic compli-
cations and mortality, medications can
be time-dependent confounders, and us-
ing alternative modeling methods that
address time-dependent confounding
would preclude isolating the effects of
specific early periods. Subsequent stud-
ies are necessary to explore how med-
ications may moderate the legacy effect
over time.

In conclusion, among patients with
10 years of survival after diabetes di-
agnosis, we found that HbA,. levels
=6.5% (=48 mmol/mol) for the 1st year
after diagnosis was associated with a
greater risk of future diabetic compli-
cations compared with an HbA;. <6.5%
for the 1st year after diagnosis. HbA;
levels =7.0% (=53 mmol/mol) for the
1st year after diagnosis were associated
with an increased risk of future mortality.
Increasing periods of exposure to HbA;.
levels =8.0% (=64 mmol/mol) were
associated with an increased risk of
microvascular events and mortality. This
study suggests that the legacy effect
exists outside of trial populations, begins
as early as the 1st year after diagnosis,
and depends on the level of glycemic
exposure. These findings underscore
the urgency of early diagnosis of di-
abetes and the future consequences
of failing to achieve near-normal gly-
cemia soon after patients are diagnosed
with diabetes.
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