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OBJECTIVE

The prevalence of type 2 diabetes is increasing among adults under age 45. Onset of
type 2 diabetes at a younger age increases an individual’s risk for diabetes-related
complications. Given the lasting benefits conferred by early glycemic control, we
comparedglycemiccontrol and initial carebetweenadultswith youngeronset (21–44
years) and mid-age onset (45–64 years) of type 2 diabetes.

RESEARCH DESIGN AND METHODS

Using data from a large, integrated health care system, we identified 32,137 adults
(aged 21–64 years) with incident diabetes (first HbA1c ‡6.5% [‡48mmol/mol]). We
excluded anyone with evidence of prior type 2 diabetes, gestational diabetes
mellitus, or type 1 diabetes.Weused generalized linearmixedmodels, adjusting for
demographic and clinical variables, to examine differences in glycemic control and
care at 1 year.

RESULTS

Of identified individuals, 26.4% had younger-onset and 73.6% had mid-age–onset
type 2 diabetes. Adults with younger onset had higher initial mean HbA1c values
(8.9% [74 mmol/mol]) than adults with onset in mid-age (8.4% [68 mmol/mol])
(P<0.0001)and loweroddsofachievinganHbA1c<7%(<53mmol/mol)1yearafter the
diagnosis (adjustedodds ratio [aOR]0.70 [95%CI0.66–0.74]), evenafteraccounting for
HbA1catdiagnosis.Adultswithyoungeronsethadloweroddsof in-personprimarycare
contact (aOR 0.82 [95% CI 0.76–0.89]) than those with onset duringmid-age, but they
did not differ in telephone contact (1.05 [0.99–1.10]). Adults with younger onset had
higher odds of starting metformin (aOR 1.20 [95% CI 1.12–1.29]) but lower odds of
adhering to that medication (0.74 [0.69–0.80]).

CONCLUSIONS

Adults with onset of type 2 diabetes at a younger age were less likely to achieve
glycemic control at 1 year following diagnosis, suggesting the need for tailored care
approaches to improve outcomes for this high-risk patient population.

Type 2 diabetes is no longer exclusively a disease of middle-aged and older adults.
Between 1990 and 2009, the number of U.S. adults diagnosed with type 2 diabetes
before age45more thandoubled (1).Mounting evidence suggests that earlier disease
onset significantly increases future risk for diabetes-relatedmicro- andmacrovascular
complications (2–5). Given this higher risk for future complications, the lasting
benefits of establishing early glycemic control may be particularly critical for adults
with younger-onset type 2 diabetes.
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Findings of randomized controlled trials
and retrospective cohort studies support
the lasting importance of early glycemic
control and its potential role in thediverging
long-term trajectories of individuals with
younger-onset type 2 diabetes (6,7). How-
ever, prior studies of adults with younger-
onset type 2 diabetes have not focused on
the early period following diagnosisda
critical timefilledwithnewchallengesand
responsibilities. While individuals’ moti-
vation for change may be high, successful
disease self-management may be partic-
ularly daunting for younger adults (8–10).
Knowledge regarding the earliest experi-
ences of individuals with younger-onset
type 2 diabetes would inform optimal
initial care and self-management support
for this high-risk population. In this study,
we addressed this gap in the literature by
comparing differences in early diabetes-
related outcomes and care between
adults newly diagnosed with type 2 di-
abetes at a younger age (21–44 years)
and at mid-age (45–64 years).

RESEARCH DESIGN AND METHODS

Study Design and Setting
We conducted a retrospective, longitu-
dinal cohort study using data from the
Kaiser Permanente Northern California
(KPNC) electronic health record (EHR) to
examine differences in 1) baseline de-
mographic, clinical, and care utilization
characteristics; 2) disease management
outcomes at 1 year following diagnosis;
and 3) care received during the year
following diagnosis by adults with newly
diagnosedyounger-onset type2diabetes
and those with newly diagnosed mid-
age–onset type2diabetes. Thisworkwas
approved by the Kaiser Permanente
Northern California Institutional Review
Board.

Study Population
KPNC is an integrated health care delivery
system serving ;4.3 million socioeco-
nomically and ethnically/racially diverse
members. All members are insured and
have within-system access to all types of
care, includingroutinepreventivecareand
laboratory tests (e.g., diabetes screening).
We used data fromKPNC’s EHR to identify
adults between 21 and 64 years of age who
had no evidence of prior diabetes but who
had a first diabetes-defining HbA1c result
(the“indexHbA1c,”definedasHbA1c$6.5%
[$48 mmol/mol]) between 1 January
2010 and 31 December 2016, and who

then received a clinical diagnosis of
type 2 diabetes (defined as an ICD-9/
10 code for diabetes, or the addition of
diabetes to the EHR-based problem list)
within 3months of the index HbA1c result.
Any ICD-9/10 diagnostic code, problem
list code for diabetes, or prescription
for a diabetes-related medication (other
than metformin) received before the
indexHbA1c datewas consideredevidence
of prior diabetes. For KPNC members,
nearly all medications are dispensed by
KPNC pharmacies. We excluded individ-
uals with gestational diabetes mellitus
and those with likely type 1 diabetes
(identified by using a validated algo-
rithm) (11–13). To ensure we were cor-
rectly identifying KPNC members with
newly diagnosed type 2 diabetes, rather
than new KPNC members with prevalent
type 2 diabetes, we required continuous
KPNCmembership during the year before
the index HbA1c. We also excluded indi-
viduals who did not remain as KPNC
members throughout the year following
their clinical diagnosis of type 2 diabetes.

In the resulting cohort, individuals aged
21–44 years at the time of their index
HbA1c value were classified as having
younger-onset type 2 diabetes, whereas
those between 45 and 64 years of agewere
classified as having mid-age–onset type
2 diabetes. These age thresholds were
based on the American Diabetes Associ-
ation’s recommendation to begin routine
diabetes screening at age 45 and on na-
tional trends for diabetes incidence (more
than half of new diagnoses in the U.S. are
given to adults aged 45–64 years) (14,15).

Measures
Weexaminedbaselinedemographic char-
acteristics (sex, ethnicity/race [those who
self-reportedHispanic ethnicitywere clas-
sified as Latino, and the remaining indi-
viduals were classified by self-reported
race], insurance type, English proficiency,
andneighborhooddeprivation index) (16);
clinical characteristics (index HbA1c, a pre-
cedingdiagnosisofprediabetes,prevalence
of type2diabetesrisk factors [hypertension,
hyperlipidemia, BMI], and comorbidities
[heart disease, renal disease, depression]);
prior careutilization (durationofempanel-
ment with a primary care provider [PCP],
numbers of encounters with the PCP and
missed appointments during the prior
year, and activity on the KPNC online
patient portal); and diabetes-relevant
health behaviors (self-reported weekly

exercise and smoking status) (17,18). A
preceding prediabetes diagnosis, risk
factors, and comorbidities were defined
via ICD-9/10 codes.

The primary outcome was glycemic
control 1 year after thediagnosis andwas
assessed by using the HbA1c value ob-
tained closest to the 1-year mark. The
American Diabetes Association recom-
mends an HbA1c ,7% (,53 mmol/mol)
for most nonelderly adults. Failure to
achieve this HbA1c target was considered
“not at goal,” as was the absence of any
follow-up HbA1c measurements during
the year after the diagnosis (19). In two
sensitivity analyses, we 1) used a goal of
HbA1c ,8% (,65 mmol/mol) and 2)
used the goal of HbA1c,7% (,53mmol/
mol) but included only available (i.e.,
nonmissing) 1-year values.

Other outcomes included blood pres-
sure (BP) at 1 year,whichwas determined
by using the measurement obtained
closest to the 1-year date after diabetes
diagnosis; “at goal” was classified as 1)
systolic BP ,140 mmHg and diastolic
BP ,90 mmHg, or 2) systolic BP ,130
mmHg and diastolic BP,80 mmHg (20).
We also assessed measures of diabetes-
relevant behavior changes, including weight
loss (defined as$5% or,5% weight loss,
determined by using baseline weight and
weight at 1 year), and self-reported weekly
exercise (defined as any vs. no physical
activity) at 1 year after the diagnosis (17).
Finally, we examined differences in care
received during the year following diag-
nosis, specifically 1) interactions with the
health care system (in-person visits, tele-
phone visits, and use of the online patient
portal), 2) initiation of medication (met-
formin, sulfonylurea, and insulin), 3) ad-
herence to medication refills (of metformin
and sulfonylurea, defined as a$80% pro-
portion of days covered), and 4) other
diabetes-related care (diabetes-related
education, medical nutrition therapy,
and retinal exam) (21).

Statistical Analysis
We compared baseline characteristics
and outcomes between the groups with
younger- and mid-age–onset type 2 diabe-
tes using the x2 test or an independent
two-tailed t test, as appropriate. We com-
pared the prevalence of being at goal
(HbA1c ,7% [,53 mmol/mol]) at 1 year
between the populations with younger
and mid-age onset on the basis of their
index HbA1c values. Mean index and
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1-year HbA1c and BMI values were also
described by using more granular (3-year)
age groups. Finally, 1-year HbA1c and the
secondary outcomes were modeled by
using a generalized linear mixed effects
regression model that included a logit
link and a random intercept for medical
facility in order to account for correlation
in outcomes among people receiving care

at the same KPNC medical facility. All
generalized linearmixed effects regression
models included as fixed effects sex,
ethnicity/race, neighborhood deprivation
index, BMI, index HbA1c, and selected
preceding diagnoses that may have af-
fected the aggressiveness of diabetes
care (hypertension and hyperlipidemia)
or individuals’ readiness (prediabetes) or

ability (depression) to engage in self-care.
All statistical analyses were performed by
using SAS software version 9.4.

RESULTS

We identified 32,137 individuals aged
21–64 years with new-onset type 2 di-
abetes, 26.4% of whom were 21–44
years old at the time of diagnosis

Table 1—Population characteristics at baseline by age at time of type 2 diabetes onset

Younger onset (21–44 years)
(n 5 8,496)

Mid-age onset (45–64 years)
(n 5 23,641) P value

Men 5,336 (62.8) 12,760 (54.0) ,0.0001

Ethnicity/race* ,0.0001
White 1,848 (22.5) 8,821 (38.2)
Latino 2,864 (34.9) 5,098 (22.1)
Asian 2,302 (28.0) 5,483 (23.7)
Black 739 (9.0) 2,413 (10.4)
Other 454 (5.5) 1,286 (5.6)

Neighborhood deprivation index (quartiles) ,0.0001
1 (Residing in the least deprived neighborhoods in

Northern California) 1,452 (17.3) 4,704 (20.2)
2 2,136 (25.4) 6,649 (28.5)
3 2,543 (30.3) 6,995 (30.0)
4 (Residing in the most deprived neighborhoods in

Northern California) 2,270 (27.0) 4,981 (21.4)

Proficient in English 7,493 (88.4) 20,834 (88.3) ,0.0001

Insurance plan type ,0.0001
Commercial 8,045 (94.7) 22,144 (93.7)
Medicaid/Medicare 401 (4.8) 1,342 (5.7)
Other 50 (0.6) 155 (0.7)

Index HbA1c (%), mean (SD) 8.9 (2.3) 8.4 (2.2) ,0.0001

Index HbA1c ,0.0001
6.5 to ,7% (48 to ,53 mmol/mol) 2,202 (25.9) 9,241 (39.1)
7 to ,8% (53 to ,64 mmol/mol) 1,852 (21.8) 5,431 (23.0)
8 to ,9% (64 to ,75 mmol/mol) 887 (10.4) 2,127 (9.0)
9 to ,10% (75 to ,86 mmol/mol) 842 (9.9) 1,498 (6.3)
$10% ($86 mmol/mol) 2,713 (31.9) 5,344 (22.6)

BMI (kg/m2), mean (SD) 36.1 (8.3) 33.4 (7.1) ,0.0001

BMI strata ,0.0001
Underweight/normal (BMI ,25 kg/m2) 408 (5.0) 1,833 (8.0)
Overweight (BMI 25 to ,30 kg/m2) 1,527 (18.5) 6,155 (27.0)
Obesity class I (BMI 30–34.9 kg/m2) 2,175 (26.4) 6,734 (29.5)
Obesity class II (BMI 35–39.9 kg/m2) 1,736 (21.1) 4,203 (18.4)
Obesity class III (BMI $40 kg/m2) 2,388 (29.0) 3,870 (17.0)

Preceding diagnosis of prediabetes 2,174 (25.6) 8,011 (33.9) ,0.0001

Depression 641 (7.5) 2,081 (8.8) ,0.0001

Heart disease 93 (1.1) 1,027 (4.3) ,0.0001

Chronic kidney disease 84 (1.0) 486 (2.1) ,0.0001

Hypertension 2,209 (26.0) 11,103 (47.0) ,0.0001

Taking hypertension medication 1,957 (23.0) 11,050 (46.7) ,0.0001

Hyperlipidemia 1,751 (20.6) 9,121 (38.6) ,0.0001

Taking statin medication 386 (4.5) 4,428 (18.7) ,0.0001

Current smoker 911 (12.5) 2,267 (11.3) ,0.0001

Any physical activity 2,848 (50.3) 7,835 (51.2) ,0.0001

Active on online patient portal 4,863 (57.2) 13,134 (55.6) ,0.0001

Empanelment with PCP (years), mean (SD) 3.9 (3.7) 5.1 (4.8) ,0.0001

Any visit to the PCP in the prior year 4,811 (56.6) 14,683 (62.1) ,0.0001

Data are n (%) unless otherwise indicated. *Composite variablewas defined by self-reported ethnicity and race,whereby all those responding as having
Hispanic ethnicity were categorized as Latino and the remaining individuals were categorized by reported race.
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(Supplementary Fig. 1). Compared with
those with mid-age–onset type 2 diabe-
tes, individuals with younger-onset di-
abetes were more likely to be men and
to be of nonwhite ethnicity/race (Table 1).
Younger-onset type 2 diabetes was

associated with higher mean (SD) index
HbA1c values (8.9% [2.3%] [74 mmol/mol
(25 mmol/mol)]) than was mid-age–
onset diabetes (8.4% [2.2%] [68 mmol/
mol (24 mmol/mol)]) (P, 0.0001); 31.9%
of individuals with younger-onset diabe-
tes had an index HbA1c$10% (86 mmol/
mol), whereas 22.6% of those with mid-
age–onset diabetes had such an index
value (P , 0.0001). The mean (SD) BMI
was also higher among individuals with
younger-onset diabetes (36.1 [8.3] kg/m2)
than among those with mid-age–onset
diabetes (33.4 [7.1] kg/m2) (P , 0.0001).
Significantly fewer individuals with

younger-onset type 2 diabetes (48.9%)
than with mid-age–onset diabetes (61.9%)
achieved glycemic control at 1 year (P ,
0.0001) (Table2). Thenumberof individuals
with younger-onset diabetes who had a
1-year HbA1c value$10% (86 mmol/mol)
(7.5%) was more than two times higher
than the number of individuals with mid-
age–onset diabetes who had such an HbA1c
value at 1 year (3.0%) (P, 0.0001). When
stratified by index HbA1c value, each cat-
egory of individuals with younger-onset
diabetes had lower rates of achieving

glycemic control at 1 year (Fig. 1). Among
individuals whose index HbA1c values were
,7%(,53mmol/mol), significantly fewer
individuals with younger onset (62.7%)
than with mid-age onset (75.0%) remained
at goal at the 1-year mark (P , 0.0001).

The mean (SD) 1-year HbA1c was 7.2%
(1.6%) (55 mmol/mol [18 mmol/mol])
for individuals with younger-onset di-
abetes and 6.9% (1.2%) (52 mmol/mol
[13 mmol/mol]) for the mid-age–onset
group (P , 0.0001). The mean 1-year
BMI was also higher among individuals
with a younger onset (35.2 [8.0] kg/m2)
than among those with mid-age onset
(32.5 [6.9] kg/m2) (P , 0.0001).

Examining unadjusted trends for index
and1-yearHbA1candBMIvaluesby3-year
age groups, we noted an inverse linear
relationship. Increasing age category was
associated with lower HbA1c and BMI
measurementsatboth timepoints(Fig.2).

After adjusting for demographic and
clinical characteristics, including index
HbA1c, individuals with younger-onset
type 2 diabetes had substantially lower
odds of being at goal (HbA1c ,7% [,53
mmol/mol]) at 1 year after the diagno-
sis (adjusted odds ratio [aOR] 0.70 [95%
CI 0.66–0.74]; P , 0.0001) (Table 2;
results of the full model are included in
Supplementary Table 1). More individu-
als with younger-onset diabetes (15.5%)
thanwithmid-age–onset diabetes (11.1%)

were missing 1-year follow-up HbA1c
results (P, 0.0001). In sensitivity analyses,
the odds of achieving glycemic control
remained significantly lower for individ-
uals with younger onset than for those
with mid-age onset when using an HbA1c
threshold of ,8% (,64 mmol/mol)
(67.9% vs. 79.3%, respectively) (aOR
0.68 [95% CI 0.63–0.72]; P , 0.0001)
and when analyzing only nonmissing
1-year HbA1c values (57.9% vs. 69.6%,
respectively) (aOR 0.73 [95% CI 0.68–
0.77]; P , 0.0001).

Individuals with younger-onset diabe-
tes had lower odds (25.1%) than those
with mid-age–onset diabetes (27.3%) of
losing at least 5% body weight during the
1st year (aOR 0.92 [95% CI 0.86–0.99];
P 5 0.020) (Table 2). Regarding PCP
contact during early care, individuals
with younger-onset diabetes had lower
odds (80.6%) than those with mid-age–
onset diabetes (84.3%) of having at least
one in-person PCP visit after the diag-
nosis (aOR 0.82 [95% CI 0.76–0.89]; P ,
0.0001). The two groups had a similar
likelihood of having at least one tele-
phone visit with the PCP, but those with
younger onset had higher odds of being
active on the online patient portal after
diagnosis (Table 2).

Individuals with younger-onset type 2
diabetes were more likely than those
with mid-age–onset type 2 diabetes to

Table 2—Early outcomes and initial care received 1 year after type 2 diabetes diagnosis, by age at onset

Younger onset
(21–44 years)

Mid-age onset
(45–64 years) aOR (95% CI)* P value

Clinical outcomes
HbA1c at goal (,7% [,53 mmol/mol]) at 1 year 48.9 61.9 0.70 (0.66–0.74) ,0.0001
BP at goal
,130/80 mmHg 47.9 48.1 0.93 (0.87–0.98) 0.013
,140/90 mmHg 87.5 86.7 0.96 (0.88–1.05) 0.338

Loss of $5% body weight 25.1 27.3 0.92 (0.86–0.99) 0.020
Any physical activity 59.9 59.3 1.06 (0.99–1.14) 0.111

Care interactions
Any outpatient encounter with PCP 80.6 84.3 0.82 (0.76–0.89) ,0.0001
Any telephone encounter with PCP 39.9 39.5 1.05 (0.99–1.11) 0.113
Active on online patient portal 75.1 70.1 1.68 (1.57–1.80) ,0.0001
Received retinal screening 34.0 36.8 0.81 (0.76–0.86) ,0.0001
Received diabetes education 40.0 43.8 0.85 (0.80–0.90) ,0.0001
Received nutrition therapy 22.9 24.0 0.96 (0.90–1.03) 0.248

Medications
Insulin initiated 12.4 11.7 1.05 (0.96–1.14) 0.281
Sulfonylurea initiated 25.0 18.8 1.08 (1.00–1.16) 0.051
Metformin initiated 70.6 59.7 1.20 (1.12–1.29) ,0.0001
Metformin adherence ($80 PDC) 56.7 66.1 0.74 (0.69–0.80) ,0.0001
Sulfonylurea adherence ($80 PDC) 48.9 58.8 0.74 (0.66–0.84) ,0.0001

Data are percentages unless otherwise indicated. PDC, proportion of days covered. *Multilevel logisticmodel adjusting for onset group; sex; ethnicity/
race; index HbA1c; neighborhood deprivation index; BMI; and diagnosed hypertension, hyperlipidemia, prediabetes, and depression, with a random
intercept for medical facility. Mid-age onset is the reference category.
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begin takingmetformin (70.6%vs. 59.7%,
respectively) (aOR 1.20 [95% CI 1.12–
1.29]; P, 0.0001). However, the odds of
adherence tometforminwere significantly
lower for individuals with younger onset
(56.7%) than for those with mid-age onset
(66.1%) (aOR 0.74 [95% CI 0.69–0.80];
P , 0.0001).

CONCLUSIONS

We found that among members of a
large, integrated health care delivery sys-
tem, adults diagnosed with type 2 di-
abetes between the ages of 21 and 44
(younger onset) had higher initial HbA1c
levels and a much lower likelihood of
achieving glycemic control at 1 year fol-
lowing diagnosis than those diagnosed
between 45 and 64 years of age (mid-
age onset). Although mean HbA1c values

decreased after diagnosis for all of the
examined 3-year age groups, the mean
1-year HbA1c values remained .7% (.53
mmol/mol) for all groups younger than
45 years (Fig. 2). Individuals with younger-
onset type 2 diabetes also had less
in-person contactwith their PCP and lower
adherence to metformin during the year
after their type 2 diabetes diagnosis. Tai-
lored treatment strategies thataddress the
more severe hyperglycemia and obesity
seen at diagnosis and the unique treatment
barriers present among this higher-risk
younger-onset population are needed in
order to support timely achievement of
recommended treatment goals that are
associatedwith improved long-term out-
comes (4,22–24).

Younger adults may experience dis-
tinct psychosocial barriers to optimal

early type 2 diabetes management. For
example, earlier age at diagnosis has
beenassociatedwith ahigher prevalence
ofdepression, greater stress, poorer diet,
lower medication adherence, lower di-
abetes self-efficacy, and less time to
spend on self-care because of work and
family demands (25–29). Previous evi-
dence suggests that age-related differ-
ences in glycemic control are likely to
persist beyond the initial period follow-
ing diagnosis (22,30). While inherent
differences in the physiology of type 2
diabetes and longer exposure to the
disease contribute to the increased risk
of disease-related complications among
people with younger-onset type 2 di-
abetes, suboptimal glycemic control start-
ing from the time of diagnosis may also
fuel this population’s vulnerability to ad-
verse type 2 diabetes–related outcomes.

We found differences in the modality
of primary care contact following diag-
nosis (e.g., in person, by phone, or via the
online patient portal) that suggest that
traditional approaches and resources for
delivering care may not be appropriately
designed to meet the needs and prefer-
ences of younger adults with type 2 di-
abetes. Adults with younger onset in our
study were more active users of the
online patient portal and had less in-
person contact with their PCP during the
year after their type 2 diabetes diagnosis.
These results suggest that technology-
based tools may provide more optimal
opportunities for PCP interaction and
diabetes self-management support that
fit better with younger adults’ schedules
(i.e., not restricted to times during the
workday). Studies have demonstrated
that patients fromethnic/racialminorities
frequently use smartphone technology
and the internet for gathering health-
related information or interacting with
health systems (31). This trend may be
particularly relevant to individuals with
younger-onset type 2 diabetes, who
were more likely to identify as Latino
or Asian than individuals with mid-age–
onset diabetes.

Although people in the younger-onset
type 2 diabetes group had higher odds of
initiating metformin, 29% were still not
prescribed this medication during the
year after diagnosis. Even among those
who did start metformin, almost half
inadequately adhered to thismedication.
Optimizing earlymetformin treatment in
this younger-onset population couldhelp

Figure 1—The proportions of individuals with younger-onset and with mid-age–onset type 2
diabetes from among the total analytic cohort who achieved goal glycemic control (HbA1c ,7%
[,53 mmol/mol]) at 1 year after diagnosis, by index HbA1c value.
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many newly diagnosed individuals achieve
the level of early glycemic control asso-
ciated with lasting reductions in risks for
macrovascular complications and mor-
tality (6). Indeed, initiation of metformin
early,whenHbA1c valuesmay still be low,
may help preserve b-cell function, pro-
longing the effectiveness of metformin
and decreasing the risk of future disease-
related complications (32). There are
likely unique, incompletely understood
barriers tometformin initiation and early
adherence for younger adults, including
greater difficulty coping with a type 2
diabetes diagnosis (e.g., it does not fit
with their personal model of health), an
aversion toward medications or a pref-
erencefor“naturalapproaches,”orpresent-
future bias (the natural tendency to
value the present “costs” of a task [i.e.,
starting a new daily medication] over
future or long-term benefits). A better
understanding of these barriers to early
metformin treatment can help inform
approaches for early care for type 2 di-
abetes in this population.
Our resultsmust be interpretedwithin

the context of the study design. First,
eligible individuals were allmembers of a
single health care system, potentially

limiting the generalizability of the find-
ings to other settings. Past work has
demonstrated that the demographic
characteristics of and prevalence of type 2
diabetes among KPNCmembers are largely
representative of the general population
and insured populations in Northern
California (33). Further, given national
trends showing that younger onset of
type2diabetes isassociatedwithahigher
likelihood of notmeeting type 2 diabetes
treatment goals (34), and given KPNC’s
record of above-average type 2 diabetes
care outcomes (35), it is unlikely that our
findings can be simply attributed to poor
care provided to this population within
KPNC. Second, we focused on individuals
who receiveda “timely”diagnosis of type2
diabetes (within 3 months of the index
HbA1c result) and therefore excluded in-
dividualswhoseclinicaldiagnosismayhave
been substantially delayed despite the
HbA1c result. Future research will be
needed in order to address the factors
related to delayed or missed diagnoses.
Third, wewere unable to examine insulin
adherence. However, only 12.4% of peo-
ple with younger-onset diabetes and
11.7% of people with mid-age–onset di-
abetes were prescribed insulin during

the 1st year. Finally, this study cannot
address causation. We can only comment
on observed associations between age at
type 2 diabetes onset and the examined
outcomes.

There are myriad potential contribu-
tors to the observed differences in early
glycemic control between individuals with
younger onset and those with mid-age
onset of type 2 diabetes, including some
that are not modifiable. Still, the higher
likelihood of inadequate early control
among younger adults suggests that our
current approaches to caring for this
population are inadequate. Our findings
speak to the need for novel, tailored
strategies to better support this distinct,
high-risk population of patients. Given
that achieving early glycemic control has
been linked to better health and lower
mortality years into the future, such care
approaches should be proactive and de-
signed to achieve HbA1c goals early,
rather than to react to persistently high
HbA1c values ordeven worsedthe on-
set of disease-related complications. Im-
portantnext steps for this lineof research
are to gain further insights into why
individuals with younger-onset type 2
diabetes are at higher risk for poor early

Figure 2—A: Mean index and 1-year HbA1c values by age at diabetes diagnosis (grouped by 3-year age categories). The dashed line indicates an HbA1c
value of 7% (53 mmol/mol). B: Mean index and 1-year BMI values by age at diabetes diagnosis (grouped by 3-year age categories).
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control, to definebarriers to and facilitators
of successful early type 2 diabetes man-
agement, and to develop and test novel
care strategies for tailoring initial care
and improving outcomes for this growing
population.
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