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OBJECTIVE

To identify correlates of hemoglobin A1c (HbA1c) testing frequency and associa-
tions with HbA1c levels and microvascular complications in youth-onset diabetes.

RESEARCH DESIGN AND METHODS

The SEARCH for Diabetes in Youth study collected data from individuals diag-
nosed with diabetes before age 20 at 8 years (n 5 1,885 type 1, n 5 230 type 2)
and 13 years (n5 649 type 1, n5 84 type 2) diabetes duration.We identified cor-
relates of reporting ‡3 HbA1c tests/year using logistic regression. We examined
associations of HbA1c testing with HbA1c levels and microvascular complications
(retinopathy, neuropathy, or nephropathy) using sequentially adjusted linear and
logistic regression.

RESULTS

For type 1 diabetes, odds of reporting ‡3 HbA1c tests/year at 8 and 13 years dia-
betes duration decreased with older age at diagnosis (odds ratio [OR] 0.91 [95%
CI 0.88–0.95]), longer duration of diabetes (OR 0.90 [0.82–0.99]), not having a
personal doctor (OR 0.44 [0.30–0.65]), and lapses in health insurance (OR 0.51
[0.27–0.96]). HbA1c testing ‡3 times/year over time was associated with lower
HbA1c levels (OR �0.36% [�0.65 to �0.06]) and lower odds of microvascular
complications (OR 0.64 [0.43–0.97]) at 13 years’ duration, but associations were
attenuated after adjustment for HbA1c testing correlates (OR �0.17 [�0.46 to
0.13] and 0.70 [0.46–1.07], respectively). For type 2 diabetes, not seeing an endo-
crinologist decreased the odds of reporting ‡3 HbA1c tests/year over time (OR
0.19 [0.06–0.63]), but HbA1c testing frequency was not associated with HbA1c lev-
els or microvascular complications.

CONCLUSIONS

We observed disparities in HbA1c testing frequency predominately by health
care–related factors, which were associated with diabetes outcomes in type 1
diabetes.
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The troubling increase in youth-onset
type 1 and type 2 diabetes (1) is com-
pounded by disparities in glucose control
(2) and a high prevalence of complica-
tions and comorbidities in the first dec-
ade following diagnosis (3). In addition to
self-monitoring of blood glucose levels,
provider monitoring of glucose control
over time is believed to facilitate individu-
alized care and treatment adjustments to
reach management goals. Accordingly,
the American Diabetes Association rec-
ommends hemoglobin A1c (HbA1c) testing
at least every 6 months for individuals
meeting glycemic goals (generally <7.0%)
and every 3 months for individuals not
meeting goals, with recent medication
changes, and <18 years with type 2 dia-
betes (4,5).

However, only one-half of youth and
young adults with youth-onset type 1 or
type 2 diabetes report $3 HbA1c tests/
year (6,7), despite notably poor glycemic
control (3,8). Testing frequency appears
to decrease with age in the first 5 years
postdiagnosis, especially among lower-
income individuals (7). This is concerning
given evidence that more frequent HbA1c
testing is associated with lower HbA1c lev-
els in youth-onset type 1 diabetes (6,9)
and adult-onset type 2 diabetes (10).
Maintaining glycemic control throughout
the course of youth-onset diabetes is criti-
cal, as lifetime risk of complications is
greater than adult-onset because of a lon-
ger duration of disease (11).
We examined factors potentially rela-

ted to infrequent HbA1c testing in youth-
onset type 1 and type 2 diabetes at an
average of 8 and 13 years postdiagnosis,
a time when many individuals are transi-
tioning to adulthood with an increased
responsibility for their own health and
health care. We considered socioecono-
mic and clinical factors with the poten-
tial to inform strategies for increasing
testing frequency and, ultimately, suc-
cessful disease management. To confirm
the relevance of HbA1c testing for diabe-
tes-related outcomes during this transi-
tional period, we also examined testing
frequency in relation to HbA1c levels
and microvascular complications.

RESEARCH DESIGN AND METHODS

Participants
The SEARCH for Diabetes in Youth
(SEARCH) study population and protocol
have been described previously (12).

Briefly, SEARCH identifies individuals
newly diagnosed with any type of diabe-
tes before age 20 years through a popu-
lation-based registry network covering
5.5 million youth from five sites in the
U.S.: South Carolina; Cincinnati, Ohio,
and surrounding counties; Colorado with
southwestern U.S. American Indian sites;
Seattle, Washington, and surrounding
counties; and Kaiser Permanente South-
ern California membership in seven
counties. Individuals diagnosed in 2002
–2006 or 2008 were invited to join an
observational study of the natural course
of youth-onset diabetes. Baseline visits
were conducted shortly after diagnosis
(2002–2010: n54,095, mean age 11.0
years, mean diabetes duration 9.9
months), with a first follow-up visit con-
ducted $5 years after diagnosis
(2011–2015: n52,777, mean age 17.9
years, mean diabetes duration 8.0 years)
and a second follow-up visit conducted
$8 years after diagnosis (2015–2019:
n52,668, mean age 21.5 years, mean
diabetes duration 11.2 years). The study
was approved by the institutional review
boards with jurisdiction in each study
location. Written informed consent and/
or assent were obtained from all partici-
pants and parents, as appropriate.

Data Collection
We abstracted date of birth and date of
diagnosis from medical records and cal-
culated age of diagnosis and diabetes
duration for each visit. At the baseline
visit, parents reported child sex, race,
ethnicity, highest parental education,
and annual household income. At fol-
low-up visits, participants (or parents if
the participant’s age was <14 years)
self-reported their diabetes treatment
regimen, glucose self-monitoring practi-
ces, and number of HbA1c tests in the
prior year using categories of 0, 1, 2, or
$3. Further, participants (or parents if
participant’s age was <18 years) repor-
ted type of diabetes provider, type of
insurance, insurance status in the prior
year, problems with cost of diabetes
care in the prior year, occurrence of
hypoglycemia events requiring hospitali-
zation in the prior year, and meetings
with a diabetes nurse or diabetes edu-
cator in prior year. Finally, participants
were asked about the provider-patient
relationship as follows: “A personal doc-
tor or nurse is the health care provider

who knows you best. This can be a gen-
eral doctor, a specialist doctor, a nurse
practitioner, or a physician assistant. Do
you have one person you think of
as your personal diabetes doctor or
nurse?” At the second follow-up, the
question was modified to ask about a
personal diabetes doctor. Blood and
urine samples were collected after an
overnight, $8-h fast with no medica-
tions taken the morning of the visit
(including short-acting insulin). Partici-
pants were asked to bring a first morn-
ing urine void; when not provided
(�8% of participants), a spot urine spe-
cimen was collected. Blood samples
were analyzed for HbA1c and urine for
albumin, creatinine, and cystatin C at
the Northwest Lipid Metabolism and
Diabetes Research Laboratory (Seattle,
WA).

Microvascular Complication
Assessments
Complications were ascertained at both
follow-up visits. Diabetic kidney disease
was defined as moderate albuminuria
($30 mg/mg of creatinine) or low glo-
merular filtration rate (#60 mL/min/
1.73 m2 as estimated by the Chronic Kid-
ney Disease Epidemiology equation with
serum creatinine and cystatin C) (13).
Diabetic retinopathy was assessed with
45� color digital fundus images taken by
trained research staff using a nonmydri-
atic camera (Visucam Pro N; Carl Zeiss
Meditech), centered on the disc and
macula of both eyes. Photos masked to
all clinical characteristics were graded by
the Wisconsin Ocular Epidemiology Rea-
ding Center. Diabetic retinopathy was
defined as mild, moderate, or prolifera-
tive retinopathy (codes of 30–80) in at
least one eye (14). Our threshold for
diagnosing retinopathy was set higher
than typically used clinically to distin-
guish diabetic retinopathy from milder
forms that may have an etiology other
than diabetes retinopathy. Peripheral
neuropathy was defined as a score >2
on the Michigan Neuropathy Screening
Instrument (15), as described previously
(16).

Statistical Analyses
Analyses were conducted separately by
diabetes type. We included SEARCH par-
ticipants aged $10 years at the first fol-
low-up visit with a provider diagnosis of
type 1 (excluding 19 reporting no insulin
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use) or type 2 diabetes and data for
HbA1c testing frequency, HbA1c levels
and/or microvascular complications, and
all socioeconomic and clinical variables
of interest (Supplementary Fig. 1). We
conducted a cross-sectional analysis in
participants with complete data from
the first follow-up (n51,885 type 1 and
n5230 type 2) and a longitudinal analy-
sis in the subset of participants from the
cross-sectional analysis also having suffi-
cient data from the second follow-up
(n5649 type 1 and n584 type 2). We
dichotomized HbA1c testing frequency as
reporting three or more versus fewer
than three times in the prior year. For
the cross-sectional analysis, we classified
participants as reporting $3 versus <3
tests/year in the year prior to the first
follow-up. For the longitudinal analysis,
we classified participants as reporting
$3 tests in the year prior to both visits
versus <3 tests in the year prior to
either visit.

We examined socioeconomic and
clinical factors associated with HbA1c
testing using logistic regression, model-
ing the odds of reporting $3 tests/year
at the first follow-up and the odds of
reporting $3 tests/year at both follow-
ups. Models included core variables of
age at diagnosis, diabetes duration at
the visit, sex, race/ethnicity, SEARCH
clinical site, and (for the longitudinal
analysis only) time interval between the
follow-up visits. Additional socioeco-
nomic and treatment-related variables
were considered via stepwise selection,
whereby variables were retained in the
model only when statistically significant
(P < 0.05). Because of the small sample
size in the type 2 diabetes longitudinal
analysis, all core and candidate varia-
bles were subject to stepwise selection.
Candidate variables included parental
education at baseline, household inco-
me at baseline, diabetes treatment, dia-
betes care provider, having a personal
doctor, having problems with the cost
of care in the prior 12 months, type of
health insurance, and having continuous
health insurance in the prior year. For
the longitudinal models, levels of the
candidate variables reflected status
over time (e.g., having a consistent regi-
men vs. a change in regimen in diabetes
treatment between visits).

We evaluated HbA1c testing frequency
in relation to diabetes outcomes using
linear regression for HbA1c levels and

logistic regression for microvascular com-
plications. For complications, we used a
composite variable reflecting the mani-
festation of one or more microvascular
complications. The cross-sectional analy-
sis modeled the HbA1c level or odds of
having one or more complications at the
first follow-up among those reporting
$3 tests/year at the first follow-up rela-
tive to those reporting <3 tests/year.
The longitudinal analysis modeled the
HbA1c level or odds of having one or
more complications at the second fol-
low-up among those reporting $3 tests/
year at either follow-up relative to those
reporting <3 tests/year at both follow-
up visits. For both analyses, we adjusted
for covariates sequentially as follows:
Model 1 was unadjusted, model 2 was
adjusted for core variables, and model 3
was additionally adjusted for candidate
variables that passed stepwise selection
for the analysis of HbA1c tests per year
as well as for the variables of frequency
of glucose self-monitoring and receipt of
diabetes education. Sociodemographic
and clinical characteristics are presented
as mean (SD) or count (%). Linear and
logistic regression model estimates are
presented as β and odds ratio (OR),
respectively, with 95% CI. All analyses
were conducted with a two-sided a of
0.05 for statistical significance.

RESULTS

Participant characteristics of the analytic
cross-sectional sample (n51,885 type 1
and n5230 type 2) and longitudinal sub-
set (n5649 type 1 and n584 type 2) are
presented in Tables 1 and 2. On average,
the first follow-up occurred at 8.0 years
diabetes duration (range 3.3–13.0 years)
and the second follow-up at 12.6 years’
duration (range 7.8–17.4 years). These
descriptive data suggest a decline in
quality of diabetes care and manage-
ment over time, which was affirmed in
the longitudinal subset (Supplementary
Table 1).

Socioeconomic and clinical factors sig-
nificantly related to HbA1c testing fre-
quency cross sectionally at 8 years
diabetes duration are presented in Fig. 1.
Participants with type 1 diabetes were
less likely to report $3 HbA1c tests/year
if they had been older at diagnosis (OR
0.88 [95% CI 0.86–0.91] per 1-year
increase), had a greater duration of dia-
betes (OR 0.85 [0.80–0.90] per 1-year

increase), did not have a personal doctor
(OR 0.46 [0.36–0.59]), did not have con-
tinuous health insurance in the prior
year (OR 0.64 [0.43–0.96]), were not see-
ing an endocrinologist for their diabetes
care (OR 0.71 [0.55–0.92]), had problems
with the cost of care in the prior year
(OR 0.78 [0.64–0.97]), or were not using
an insulin pump (OR 0.67 [0.54–0.84]).
Odds of reporting $3 tests/year also dif-
fered by household income (P50.02),
although only the comparison between
higher income households and those not
reporting their income (i.e., declined to
report or did not know) was statistically
significant (OR 1.68 [1.08–2.62] for those
without income data). No differences in
HbA1c tests per year were observed by
sex or race/ethnicity for participants with
type 1 diabetes (data not shown). Partici-
pants with type 2 diabetes were less
likely to report $3 tests/year when they
were not seeing an endocrinologist for
their diabetes care (OR 0.18 [0.08–0.41]),
were using noninsulin medications (OR
0.33 [0.15–0.73] vs. insulin), or were not
using medication for their diabetes treat-
ment (OR 0.06 [0.01–0.32] vs. insulin).
No differences in HbA1c testing fre-
quency were observed by age at diagno-
sis, diabetes duration, sex, or race/
ethnicity for type 2 diabetes (data not
shown).

Sociodemographic and clinical factors
significantly associated with HbA1c test-
ing frequency longitudinally from 8 to
13 years diabetes duration are pre-
sented in Fig. 2. Participants with type 1
diabetes were less likely to report $3
tests/year across this period if they
were older at diagnosis (OR 0.91 [95%
CI 0.88–0.95] per 1-year increase), had
a greater duration of diabetes (OR 0.90
[0.82–0.99] per 1-year increase), did not
have a personal doctor at one or more
visits (OR 0.44 [0.30–0.65]), or did not
have continuous health insurance in the
year prior to one or more visits (OR
0.51 [0.27–0.96]). Odds of reporting $3
tests/year over time also differed by
household income (P50.01), although
only the comparison between higher
income households and those not
reporting their income (i.e., declined to
report or did not know) was statistically
significant (OR 2.06 [1.03–4.11] for
those without income data). No differ-
ences were observed in HbA1c tests per
year over time by sex or race/ethnicity
for type 1 diabetes (data not shown).
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For type 2 diabetes, where all core and
candidate variables were subject to
stepwise selection because of the small
sample size, only type of diabetes pro-
vider was retained in the model. Partici-
pants were less likely to report $3
tests/year over time when they were
not seeing an endocrinologist for their
diabetes care at one or more visits (OR
0.19 [0.06–0.63]). Sensitivity analyses
using ordinal HbA1c testing categories
(0, 1, 2, or $3 tests/year) yielded simi-
lar results (Supplementary Table 2).
Associations of frequency of HbA1c

testing with HbA1c levels and microvascu-
lar complications cross sectionally at
8 years diabetes duration are presented
in Supplementary Fig. 2. For type 1 diabe-
tes, participants reporting $3 HbA1c
tests/year had significantly lower HbA1c
levels than those reporting <3 tests/year
(unadjusted model 1: 9.03% vs. 9.36%,
P < 0.001; adjusted model 3: 9.67% vs.
9.83%, P50.07)). In model 3, covariates
that were statistically significant included
age at diagnosis (β5�0.05 [95% CI
�0.07 to �0.03] per 1-year increase), sex
(β50.27 [0.12–0.43] for females vs.
males), race/ethnicity (overall P < 0.001;
only non-Hispanic Black vs. non-Hispanic
White, β51.24 [0.97–1.52], was statistically

significant), not using an insulin pump
(β50.59 [0.42–0.76]), household income
<$50,000/year (β50.32 [0.14–0.49] vs.
$$50,000/year), not having a personal
doctor (β50.29 [0.09–0.49]), and glucose
self-monitoring <4 times/day (β50.61
[0.45–0.78]). Participants who reported
$3 tests/year also had a lower odds of
any microvascular complication (unad-
justed model 1: OR 0.53 [95% CI 0.41–
0.69]), but this was attenuated to non-
significance after covariate adjustment
(adjusted model 2: OR 0.82 [0.62–1.09];
additionally adjusted model 3: OR 0.97
[0.72–1.31]). In model 2, covariates that
were statistically significant included age
at diagnosis (OR 1.13 [1.09–1.17] per
1-year increase) and duration of diabetes
(OR 1.34 [1.25–1.45] per 1-year increase).
In model 3, covariates that were statisti-
cally significant included age at diagnosis
(OR 1.11 [1.07–1.15]), duration of diabe-
tes (OR 1.33 [1.23–1.43]), using an insulin
pump (OR 0.67 [0.49–0.90]), and not hav-
ing a personal doctor (OR 1.59 [1.16–
2.18]). For type 2 diabetes, no significant
association was observed between HbA1c
testing and HbA1c levels or microvascular
complications at 8 years’ duration in any
model. Again, sensitivity analyses using
ordinal HbA1c testing categories (0, 1, 2,

or $3 tests/year) yielded similar results
(Supplementary Table 3).

Associations of HbA1c testing longitu-
dinally with HbA1c levels and microvascu-
lar complications at 13 years diabetes
duration are presented in Supplemen-
tary Fig. 2. For type 1 diabetes, partici-
pants reporting $3 tests/year at both
visits had lower HbA1c levels than those
reporting <3 tests/year at either or both
visits, although the comparison was sta-
tistically significant only in model 2
(8.78% vs. 9.13%, P50.02). Participants
reporting $3 tests/year also had a lower
odds of any microvascular complication
(unadjusted model 1: OR 0.51 [95% CI
0.35–0.75]; adjusted model 2: OR 0.64
[0.43–0.97]), but this was attenuated to
nonsignificance after additional adjust-
ment (model 3: OR 0.70 [0.46–1.07]). In
model 3, covariates that were statisti-
cally significant included age at diagnosis
(OR 1.06 [1.01–1.12]), duration of diabe-
tes (OR 1.29 [1.16–1.44]), race/ethnicity
(overall P50.05; only non-Hispanic Black
vs. non-Hispanic White, OR 2.23 [1.25–
3.99] was statistically significant), non-
continuous health insurance (OR 2.15
[1.22–3.79]), and glucose self-monitoring
<4 times/day (OR 1.78 [1.19–2.66]). For
type 2 diabetes, HbA1c testing over time

Table 1—Sociodemographic characteristics of participants in SEARCH

Cross-sectional sample Longitudinal subsample

Type 1
(n = 1,885)

Type 2
(n = 230)

Type 1
(n = 649)

Type 2
(n = 84)

Female, n (%) 948 (50) 149 (65) 363 (56) 62 (74)

Race/ethnicity, n (%)

Non-Hispanic White 1,444 (77) 62 (27) 425 (65) 23 (27)
Non-Hispanic Black 188 (10) 102 (44) 84 (13) 41 (49)
Hispanic, any race 213 (11) 47 (20) 119 (18) 16 (19)
American Indian, Alaskan Native 7 (0) 14 (6) 4 (1) 3 (4)
Asian, Pacific Islander 28 (1) 4 (2) 14 (2) 1 (1)
Other 5 (0) 1 (0) 3 (0) 0 (0)

Age at diagnosis (years) 9.5 (4.1) 14.1 (2.8) 9.6 (4.3) 14.4 (2.7)

Diabetes duration at baseline visit (years) 0.8 (0.5) 0.9 (0.6) 0.8 (0.5) 0.8 (0.5)

Age at first follow-up visit (years) 17.5 (4.2) 22.1 (3.6) 17.7 (4.5) 22.5 (3.5)

Diabetes duration at first follow-up (years) 8.0 (1.9) 8.0 (2.0) 8.0 (1.9) 8.1 (1.8)

Interval between first and second follow-up (years) — — 4.6 (1.1) 4.4 (0.9)

Parental education at baseline visit, n (%)

High school graduate or less 340 (18) 111 (48) 118 (18) 38 (45)
Some college or higher 1,545 (82) 119 (52) 531 (82) 46 (55)

Annual household income at baseline visit, n (%)

<$50,000 606 (32) 156 (68) 214 (33) 55 (65)
$$50,000 1,152 (61) 49 (21) 389 (60) 19 (23)
Do not know, refused 127 (7) 25 (11) 46 (7) 10 (12)

Data are mean (SD) unless otherwise indicated.
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Table 2—Clinical and health care characteristics of participants at the SEARCH follow-up visits

Type 1 Type 2

n n or mean % or SD n n or mean % or SD

First follow-up (cross-sectional sample) 1,885 230
Diabetes provider is endocrinologist 1,885 1,468 78 230 96 42
Cost of care is not a problem 1,885 961 51 230 106 46
Type of insurance 1,885 230
Private 1,356 72 83 36
Medicare/Medicaid 373 20 86 37
Other 87 5 17 7
None 60 3 44 19

Continuous insurance for past year 1,885 1,743 92 230 159 69
Has a personal doctor 1,885 1,503 80 230 107 47
Received diabetes education in past year 1,885 1,376 73 230 112 49
Type 1 diabetes treatment 1,885
Insulin pump 1,081 57 — —

Other insulin 804 43 — —

Type 2 diabetes treatment 230
Insulin (any administration) — — 107 47
Noninsulin medications only — — 70 30
No medications — — 53 23

Glucose monitoring 1,885 230
<4 times/day (including none) 305 32 165 72
$4 times/day (including continuous monitoring) 1,275 68 65 28

No severe hypoglycemic episodes in past 6 months 1,885 1,747 93 230 224 97
Reported HbA1c tests in past year 1,885 230
0 57 3 52 23
1 236 13 50 22
2 413 22 65 28
$3 1,179 63 63 27

HbA1c (%), mean SD 1,855 9.2 1.8 227 8.7 2.8
HbA1c (mmol/mol), mean SD 1,855 76.5 19.9 227 71.7 31.1
Optimal HbA1c (<7% [53 mmol/mol]) 1,855 154 8 227 85 37
Warrants quarterly HbA1c testing* 1,855 1,701 92 228 156 68
Any microvascular complication 1,883 273 14 230 75 33
Diabetic kidney disease 1,654 105 6 181 32 18
Peripheral neuropathy 1,857 118 6 223 42 19
Diabetic retinopathy 1,842 83 5 224 18 8

Second follow-up (longitudinal subsample) 649 84

Diabetes provider is endocrinologist at both visits 649 425 65 84 22 26
Cost of care is not a problem at both visits 649 188 29 84 25 30
Continuous insurance in past year at both visits 649 576 89 84 54 64
Type of insurance the same at both visits 649 477 73 84 51 61
Has a personal doctor at both visits† 649 433 67 84 27 32
Received diabetes education in past year at both visits 649 336 52 84 30 36
Diabetes treatment the same at both visits‡ 649 533 82 84 56 67
Glucose monitoring $4 times/day (including continuous monitoring) at both visits 649 348 54 84 10 12
No severe hypoglycemic events in past 6–12 months at both visits§ 649 545 84 84 81 96
Reported $3 HbA1c tests/year at both visits 649 84
Testing $3 times/year at both visits 266 41 14 17
Testing $3 times/year at first follow-up only 128 20 9 11
Testing $3 times/year at second follow-up only 105 16 16 19
Testing $3 times/year at neither visit 150 23 45 54

HbA1c (%), mean SD 638 8.9 1.9 83 9.4 2.8
HbA1c (mmol/mol), mean SD 638 73.5 20.9 83 79.6 30.3
Optimal HbA1c (<7% [53 mmol/mol]) at both visits 626 37 6 82 15 18
Warrants quarterly HbA1c testing at both visits* 626 514 82 82 48 59
Any microvascular complication 649 166 26 84 42 50
Diabetic kidney disease 579 63 11 71 20 28
Peripheral neuropathy 644 53 8 83 17 20
Diabetic retinopathy 626 95 15 80 25 31

Data are n (%) unless otherwise indicated. *Per the American Diabetes Association (4,5), quarterly HbA1c testing is warranted when HbA1c
>7% (53 mmol/mol) in any individual with type 1 or type 2 diabetes or when age <18 years for those with type 2 diabetes. †Second follow-
up asked specifically about a personal diabetes doctor. ‡Type 1: pump (yes/no) consistent across visits; type 2: treatment categories consis-
tent across visits. §First follow-up asked about hypoglycemic episodes in past 6 months; second follow-up asked about past 12 months.
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was not observed to be related to HbA1c
levels or microvascular complications at
13 years’ duration in any model. For
microvascular complications, models 2
and 3 did not converge (no data shown).

CONCLUSIONS

Our data demonstrate disparities in
HbA1c testing frequency among individu-
als with youth-onset type 1 and type 2
diabetes, predominately according to
health care–related factors. We previ-
ously reported that participant-reported
receipt of three or more HbA1c tests per
year and screening for complications at
6 years’ duration of youth-onset diabetes
occurred less frequently among young
adults, those from lower-income house-
holds, and those receiving diabetes care
from general practitioners (7). Our pre-
sent analysis extends this work to 8 and
13 years postdiagnosis, when individuals
with youth-onset diabetes are increa-sin-
gly responsible for their own health care

(17). Again, HbA1c testing decreased with
age and diabetes duration in type 1 dia-
betes, aligning with national reports of
notably poor adherence to diabetes care
goals in young adults (18). Considered
alongside the other correlates of HbA1c
testing we identified, this is likely due to
a reduction in clinic visits driven by mul-
tiple health care–related factors.

For both diabetes types, not receiving
care from an endocrinologist reduced
odds of reporting $3 HbA1c tests/year.
Endocrinologists are most familiar with
diabetes management recommendations
and more likely to be in clinics where
quarterly visits with HbA1c testing (point
of care or venipuncture) is standard care
(19). Yet, fewer participants reported see-
ing an endocrinologist after 13 years of
diabetes duration: only two in three indi-
viduals with type 1 diabetes and one in
four individuals with type 2 diabetes
were consistently receiving care from
an endocrinologist. Others have similarly
reported that �70% of young adults with

type 1 diabetes visit an endocrinologist in
a 1-year period, which further decreases
with age (20). Barriers to specialty care
for young adults with type 1 diabetes
include inconvenient scheduling, per-
ceived lack of need or benefit of specialty
care, and prior negative experiences (21).
Adults with type 2 diabetes are typically
treated by general practitioners (22,23),
with the more severe cases (i.e., higher
HbA1c levels) more frequently referred to
specialists (24). Yet, the more aggressive
nature of youth-onset type 2 diabetes rel-
ative to adult onset (25) may warrant
specialty care for most individuals. Fur-
ther research into the key factors limiting
specialty care for both types of youth-
onset diabetes would be beneficial to
improve access. Given projected increases
in incidence, it is equally important to
equip general practitioners to successfully
manage these individuals (26).

Diabetes treatment was also a strong
correlate of HbA1c testing for both types
of diabetes. Individuals with type 1

Figure 1—Sociodemographic and clinical correlates of HbA1c testing cross sectionally at the first SEARCH follow-up visit for type 1 diabetes (top)
and type 2 diabetes (bottom). Data are OR (95% CI) for reporting$3 tests/year relative to those reporting <3 tests/year. *Core variables of age at
diagnosis, diabetes duration, sex, race/ethnicity, and clinical site were not subject to stepwise selection. Candidate variables included parental
education at baseline, household income at baseline, diabetes treatment, diabetes care provider, having a personal doctor, having problems with
the cost of care in the prior 12 months, type of health insurance, and having continuous health insurance in the prior year. Nonsignificant core var-
iables and nonselected candidate variables are not shown.

care.diabetesjournals.org Sauder and Associates 2325

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/44/10/2320/632348/dc202983.pdf by guest on 10 April 2024



diabetes not using an insulin pump were
31% less likely to have $3 tests/year
than their peers who use a pump, with
pump use likely indicating access to
higher quality of care and resources to
cover costs. This disparity is even more
pronounced in type 2 diabetes, where
individuals not using insulin were 64–
93% less likely to report $3 tests/year
than their peers who use insulin. This
may be explained by the increased num-
ber of clinic visits and, therefore, more
opportunities for HbA1c testing among
individuals who are using insulin com-
pared with those successfully managing
type 2 diabetes with noninsulin medica-
tions or diet/exercise alone. However,
this likely applies to few of our partici-
pants with type 2 diabetes given that
$60% warranted quarterly testing based
on HbA1c levels and/or age. While we
interpret the absolute ORs with caution
given the wide CIs, the pattern of results
suggests that individuals who receive
more intensive diabetes treatment also
receive increased glycemic monitoring,
with both factors likely facilitating better
outcomes.

For type 1 diabetes, not having a per-
sonal doctor had the greatest negative
impact on HbA1c testing, suggesting that
individuals who do not believe that any

single provider knows them best may be
less motivated to pursue clinic visits.
Alternatively, this finding may simply
reflect that individuals who are not
receiving regular care (and thereby HbA1c
testing) do not have the opportunity to
identify a provider who knows them
best. This may be particularly relevant
during the transition from pediatric to
adult care, wherein a reduction in clinic
visits often occurs, but structured transi-
tion programs may increase visits and
improve HbA1c (27). Participants reporting
lapses in health insurance coverage or
problems with the cost of care were also
less likely to report $3 tests/year, affirm-
ing reports that individuals with diabetes
receive less care during insurance gaps or
financial hardship (24,28–30). Interest-
ingly, neither parental education nor
household income had clear relationships
with HbA1c testing, indicating that afford-
able health care and/or health insurance
have greater implications for regular dia-
betes care than more general indicators
of socioeconomic status. Given evidence
that affordable health care and insurance
can become more accessible to low-
income individuals (31), our study identi-
fies potential intermediate targets that
may facilitate access to regular diabetes
care. While these “cost-of-care” factors

are likely interrelated, they each exhibited
independent effects on HbA1c testing fre-
quency in our analysis, highlighting the
substantial barriers faced by low-resour-
ced individuals with type 1 diabetes. We
note that race/ethnicity itself was not
related to HbA1c testing, but there are
known racial/ethnic disparities in the
health care–related factors that were
related to testing frequency disparities
(32–34). Taken together, these findings
suggest that eliminating disparities in
such health care factors may be a poten-
tial strategy for addressing racial/ethnic
disparities in diabetes outcomes.

HbA1c testing $3 times/year, in turn,
was associated with a 0.16–0.36% decre-
ase in HbA1c levels and a 36–49% red-
uced odds of microvascular complications.
A similarly sized shift in HbA1c levels was
observed with more frequent HbA1c test-
ing over 1–2 years in German and Aus-
trian young adults with type 1 diabetes
(35). However, in our study, these associa-
tions were attenuated after adjustment
for the socioeconomic and clinical factors
found to be related to HbA1c testing fre-
quency. We interpret these sequential
results as indicating that HbA1c testing
$3 times/year is a proxy for receipt of
frequent high-quality care, which, in turn,
depends on access. When access to

Figure 2—Sociodemographic and clinical correlates of HbA1c testing longitudinally at the first and second SEARCH follow-up visits for type 1 diabe-
tes (top) and type 2 diabetes (bottom). Data are OR (95% CI) for reporting$3 tests/year at both visits relative to those reporting<3 tests/year at
either visit. *Core variables of age at diagnosis, diabetes duration, sex, race/ethnicity, and clinical site were not subject to stepwise selection. Can-
didate variables included parental education at baseline, household income at baseline, diabetes treatment, diabetes care provider, having a per-
sonal doctor, having problems with the cost of care in the prior 12 months, type of health insurance, and having continuous health insurance in
the prior year. Nonsignificant core variables and nonselected candidate variables are not shown. †All variables were allowed to compete in the
type 2 model because of the small sample size; only diabetes provider was retained.
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HbA1c testing is threatened, such as by a
lapse in health insurance or problems
with the cost of care, diabetes manage-
ment is impaired, with potentially long-
term consequences.
In contrast, limited HbA1c testing was

not observed to be associated with
HbA1c levels or microvascular complica-
tions in type 2 diabetes. As a prior study
of nearly 200,000 older adults (mean age
>60 years) reported improved HbA1c lev-
els following quarterly testing (36), we
note that our analysis was likely under-
powered with <250 participants. Alter-
natively, it may have been confounded
by more severe (uncontrolled) cases of
diabetes having poorer outcomes, even
with more intensive clinical monitoring,
while less severe cases could achieve bet-
ter outcomes with more intensive clinical
monitoring. Nonetheless, it remains con-
cerning that nearly 60% of participants
reported <3 HbA1c tests/year over time
despite average HbA1c levels >9%. We
observed increases in mean HbA1c over
time, as has been reported previously
(37), which may be the result of treat-
ment failure in highly aggressive youth-
onset type 2 diabetes (38). Diabetes pro-
vider type and treatment type, but not
sex, age, race/ethnicity, and socioeco-
nomic factors, were related to HbA1c
testing frequency, suggesting that inter-
ventions targeting providers rather than
patients may be needed to increase
testing and, ultimately, quality of care.
Specifically, general practitioners who
more frequently treat adult-onset type
2 diabetes may need education on the
aggressive nature of youth-onset type 2
dia-betes and support for adjusting care
processes appropriately for younger
indi-viduals.
Our study has limitations and

strengths. Our analysis was limited by
the small sample size for type 2 diabe-
tes, as noted above. We were also
unable to examine microvascular com-
plications individually because of rela-
tively low prevalence. We estimated the
number of participants warranting quar-
terly testing based on research study
visit HbA1c $7% and/or age <18 years
(just for type 2 diabetes) but focused
our analysis on HbA1c testing $3 times/
year because we did not have data on
clinical HbA1c or medication changes in
the full year prior to the SEARCH visit
(which also informs testing frequency
[4,5]). Less frequent testing may have

been appropriate for participants meet-
ing treatment goals. We also did not
have information on number of clinic
visits in the prior year and, thus, cannot
draw conclusions on whether HbA1c
testing was low because clinic visits
overall were low or whether testing
was not done at clinic visits. Misclassifi-
cation of testing frequency may have
been a result of reliance on participant
report, although patient recall of HbA1c
testing correlates well with medical
record data (39,40). We included self-
monitoring of blood glucose as a covari-
ate, with testing $4 times/day (includ-
ing continuously) serving as a proxy for
a higher level of engagement with dia-
betes self-management. Further study
of how continuous glucose monitoring
specifically (vs. more or fewer tests per
day) is related to HbA1c levels and com-
plications would be warranted in a
future study. Key strengths of this analy-
sis include the large sample size for
type 1 diabetes, the racial/ethnic and
socioeconomic diversity for both types,
clinical assessments of microvascular
complications, consideration of socio-
economic and clinical factors, and the
longitudinal design.

In conclusion, our study affirms the rec-
ommendations for frequent HbA1c testing
in type 1 diabetes to facilitate reaching
glycemic goals and potentially to reduce
microvascular complications as the dis-
ease progresses. No consistent association
was observed between HbA1c testing and
glycemic control or microvascular compli-
cations in type 2 diabetes as of 13 years
diabetes duration. Nonendocrinology pro-
viders appear to monitor HbA1c less fre-
quently, particularly in type 2 diabetes,
highlighting a target population for inter-
ventions to increase testing and, in turn,
potentially improving glycemic control.
Our results also suggest that youth and
young adults may forgo HbA1c testing dur-
ing health insurance lapses or financial
instability, while those having a personal
doctor report more frequent testing.
Thus, continued access to quality health
care appears critical to successful man-
agement of diabetes, especially during
the transition from pediatric to adult care.
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