
Cognitive Function in
Adolescents and Young Adults
With Youth-Onset Type 1 Versus
Type 2 Diabetes: The SEARCH
for Diabetes in Youth Study
Diabetes Care 2021;44:1273–1280 | https://doi.org/10.2337/dc20-2308

Allison L.B. Shapiro,1,2 Dana Dabelea,1,2,3

Jeanette M. Stafford,4 Ralph D’Agostino Jr.,4

Catherine Pihoker,5 Angela D. Liese,6

Amy S. Shah,7 Anna Bellatorre,2

Jean M. Lawrence,8 Leora Henkin,4

Sharon Saydah,9 and Greta Wilkening,1

for the SEARCH for Diabetes in Youth

Study Group*

OBJECTIVE

Poor cognition has been observed in children and adolescents with youth-onset
type 1 (T1D) and type 2 diabetes (T2D) compared with control subjects without
diabetes. Differences in cognition between youth-onset T1D and T2D, however,
are not known. Thus, using data from SEARCH for Diabetes in Youth, a multicen-
ter, observational cohort study, we tested the association between diabetes type
and cognitive function in adolescents and young adults with T1D (n = 1,095) or
T2D (n = 285).

RESEARCH DESIGN AND METHODS

Cognition was assessed via the National Institutes of Health Toolbox Cognition
Battery, and age-corrected composite Fluid Cognition scores were used as the pri-
mary outcome. Confounder-adjusted linear regression models were run. Model 1
included diabetes type and clinical site. Model 2 additionally included sex, race/
ethnicity, waist-to-height ratio, diabetes duration, depressive symptoms, glyce-
mic control, any hypoglycemic episode in the past year, parental education, and
household income. Model 3 additionally included the Picture Vocabulary score, a
measure of receptive language and crystallized cognition.

RESULTS

Having T2D was significantly associated with lower fluid cognitive scores before
adjustment for confounders (model 1; P < 0.001). This association was attenuat-
ed to nonsignificance with the addition of a priori confounders (model 2; P =
0.06) and Picture Vocabulary scores (model 3; P = 0.49). Receptive language,
waist-to-height ratio, and depressive symptoms remained significant in the final
model (P< 0.01 for all, respectively).

CONCLUSIONS

These data suggest that while youth with T2D have worse fluid cognition than
youth with T1D, these differences are accounted for by differences in crystal-
lized cognition (receptive language), central adiposity, and mental health. These
potentially modifiable factors are also independently associated with fluid cog-
nitive health, regardless of diabetes type. Future studies of cognitive health in
people with youth-onset diabetes should focus on investigating these signifi-
cant factors.
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The Centers for Disease Control and Pre-
vention estimates that 10.5% of the
population in the U.S. is living with type
1 diabetes (T1D) or type 2 diabetes
(T2D), according to the 2020 National
Diabetes Statistics Report (1). T1D and
T2D impact major organ systems and
specific organs including cardiovascular,
gastrointestinal, kidney, eye, liver, and
muscle. The brain too has come into fo-
cus as a critical system affected by dia-
betes. Specifically, deficits in cognitive
function have been reported in children
and adults with diabetes (2–6).

Studies among adults with T1D have
demonstrated poorer performance on
tests of cognitive functioning in compar-
ison with nondiabetic control groups
(7–9). Adults with T2D also show mea-
surable cognitive deficits compared
with control subjects (2,4,10). Cognitive
function in adults has been shown to
decline significantly with longer dia-
betes disease duration in both T1D
(11) and T2D (11,12). Given the well-
documented long-term cognitive im-
pact of both T1D and T2D in adults,
the neurodevelopmental consequen-
ces of extended exposure to diabetes
among people with youth-onset T1D
or T2D is of concern for health man-
agement and quality of life across the
life course.

Consistent with the adult literature,
compared with their counterparts with-
out diabetes, children and youth with
T1D show significantly poorer cognitive
performance overall (3,7,13). Impor-
tantly, these deficits are most pro-
nounced in specific domains of fluid
cognitive functioning, including proc-
essing speed (3,13,14), cognitive flex-
ibility (7), attention (3,6,13,14), and
memory (14,15). Although limited, re-
search in youth T2D also shows defi-
cits in memory and processing speed
compared with youth without diabetes
who are matched by obesity status
(16,17). It is unclear, however, whether
diabetes type differentially impacts neu-
rocognition in youth-onset disease, as no
comparison has yet been made between
those with T1D and T2D.

In the current study, we compared
cognitive performance between youth
and young adults with T1D and T2D
from the SEARCH for Diabetes in Youth
(SEARCH) study. We evaluated fluid
cognition specifically, given its impact
on self-care and good diabetes

management (18–21). Furthermore,
we examined the relationship be-
tween youth-onset diabetes type and
fluid cognition while accounting for
potentially confounding clinical and
sociodemographic factors. These
factors included glycemic control
(3,22,23), episodes of hypoglycemia
(3,13,24), overweight and obesity
(25), depression (26), and socioeco-
nomic variables (e.g., parental educa-
tion, household income, race/ethnicity)
(27,28). Recent evidence has indicated
that youth with T2D have a more ag-
gressive clinical course (29,30). Thus, in
line with these recent findings we
hypothesized that fluid cognitive func-
tion in the group with T2D would be
worse compared with the T1D group,
independent of relevant sociodemo-
graphic and clinical factors.

RESEARCH DESIGN AND METHODS

Participants
The SEARCH study cohort is a longitudi-
nal study of individuals with youth-
onset (diagnosed <20 years of age) T1D
or T2D. The cohort was recruited from
the population-based SEARCH Registry,
which has ascertained youth-onset T1D
and T2D cases from locations through-
out the U.S. including Colorado with
southwestern American Indian reserva-
tions, Ohio, Washington, South Carolina,
and California (31) continuously since
2002. Individuals diagnosed with T1D or
T2D in 2002–2006 or 2008 were en-
rolled in the cohort study shortly after
diagnosis (baseline). Follow-up visits
were conducted in 2011–2015 and
2015–2019 among those with $5
years’ diabetes duration. All partici-
pants or parent/guardians provided
written informed consent and assent
as appropriate by age.

In the current study, we used data
from participants who completed in-
person procedures from the second fol-
low-up visit (2015–2019) of the cohort
study (N = 1,673), when participants
were, on average, 21.6 (SD 5.1) years
old with an average of 11.0 (SD 3.4)
years diabetes duration. Only partici-
pants with etiologically defined (29)
T1D (antibody positive or antibody neg-
ative/missing and insulin sensitive) (n =
1,138) or T2D (antibody negative and
insulin resistant) (n = 301) having com-
plete data on neurocognitive outcomes

(T1D, n = 1,095; T2D, n = 285) were in-
cluded in the analytic sample, leaving a
sample size of 1,380.

Data Collection From Second
Follow-up Visit
Participants and parent/guardians com-
pleted risk factor, health (e.g., clinical
complications), and well-being (e.g., de-
pressive symptoms) assessments via stan-
dardized reporting forms and underwent
laboratory and cognitive testing. Race/eth-
nicity, household income, and parents’ ed-
ucational attainment were self-reported.
Race/ethnicity of the participant was di-
chotomized into minority race/ethnicity or
non-Hispanic White. Household income
was categorized as <$25,000, $25,000–
$49,999, $50,000–$74,999, $$75,000, or
do not know or refused. The highest level
of education from either parent was col-
lapsed into a dichotomous variable: high
school or less and some college or more.
Participants’ depressive symptoms were
assessed by self-report using the Center
for Epidemiologic Studies Depression Scale
(CES-D) (continuous variable), with higher
scores indicating more depressive symp-
toms (32).

Participant height, waist circumfer-
ence, and weight were measured, and
participant waist-to-height ratio (WHtR)
was derived. Participants also self-re-
ported on experiencing one or more hy-
poglycemic events over the past 12
months prior to the study visit (yes/no).
Diabetes duration (years) was derived
using the date of diabetes diagnosis and
date of the second follow-up visit. Gly-
cemic control was quantified by taking
the area under the curve (AUC) of re-
peated laboratory measures of hemo-
globin A1c (HbA1c) collected during
baseline and follow-up visits. Thus, the
measure of HbA1c used in our models
represents long-term glycemic control.

National Institutes of Health Toolbox
Cognition Battery
The National Institutes of Health Tool-
box Cognition Battery (NIHT-CB) was
used to assess cognitive function in
young adults participating in the second
follow-up visit of the SEARCH study co-
hort. The NIHT-CB was specifically devel-
oped to provide a repeatable and
rapidly administered assessment of fluid
and crystallized cognitive domains (33),
as well as generate composite scores
for fluid cognition and crystallized
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cognition. Fluid cognition collectively re-
fers to executive function skills (e.g.,
cognitive flexibility, working memory)
and processing speed and attention
skills, all of which allow an individual to
solve problems when presented with a
novel situation. Crystallized cognition is
a measure of acquired knowledge (e.g.,
vocabulary). The measures have been
demonstrated to have good convergent
and discriminant validity (34) and concor-
dance with more typically used neuropsy-
chological measures (35). Subdomains of
fluid cognition included cognitive flex-
ibility, working and episodic memory,
processing speed, and attention/in-
hibitory control and were measured
via the Dimensional Change Card
Sort, List Sorting Working Memory,
Picture Sequence Memory, Pattern
Comparison Processing Speed, and
Flanker Inhibitory Control and Atten-
tion tests, respectively. The composite
score for fluid cognition represents per-
formance across all subdomain tests.
Subdomains of crystallized cognition
obtained in SEARCH included recep-
tive language measured via the Pic-
ture Vocabulary test.
All tests were administered to partici-

pants on a tablet computer during the
second follow-up visit by trained study
staff providing instruction and supervi-
sion. Age-corrected standard scores that
were based on the normative popula-
tion were used for the fluid composite
score and the subdomain test scores.
An age-corrected score of 100 (SD 15)
indicates performance equivalent to
the national average relative to age-ad-
justed norms. While the predominant
approach to using the NIHT-CB is to use
the fully corrected scores, we chose a
priori not to use the fully corrected
scores because the racial/ethnic distri-
bution of the SEARCH cohort is enriched
with people of color, particularly among
youth with T2D, where Black, Hispanic,
and American Indian youth make up the
majority of the T2D group (Table 1). The
underlying racial/ethnic distribution
(2010 U.S. Census [36]) used to de-
rive the fully corrected NIHT-CB scores
does not reflect the racial/ethnic distri-
bution of SEARCH participants. We be-
lieve that the full correction would
disproportionately and incorrectly ad-
just the NIHT-CB scores in the youth
with T2D, specifically, thus potentially
introducing systematic bias into our

comparisons between youth with T2D
and T1D. For reference, however,
fully corrected scores are reported in
Supplementary Table 1 by diabetes
group.

The primary outcome of interest was
the age-corrected composite score for
fluid cognition. We included receptive
language (Picture Vocabulary test) as a
covariate in our analysis because it is
considered a measure of crystallized
cognition, which is an indicator of
premorbid cognitive health (37,38).

Statistical Analyses
Characteristics of SEARCH participants
were described using mean (SD) or me-
dian (interquartile range) for continuous
variables and count (%) for categorical
variables. Comparisons (T2D vs. T1D)
were evaluated using t tests or Wilcox-
on tests for continuous variables and v2

tests for categorical variables.
We performed a complete case anal-

ysis (no missing covariate data, n =
1,277) using a sequence of multivariable
linear regression models to test the re-
lationship between diabetes type (T2D
vs. T1D) and age-corrected composite
fluid cognition score. Model 1 tested
the direct association between diabetes
type and age-corrected composite fluid
cognition score, while adjusting for clin-
ic site. Model 2 included model 1 varia-
bles and added relevant covariates:
participant sex, race/ethnicity, WHtR,
duration of diabetes, CES-D score,
HbA1c AUC, having any hypoglycemic
episode in the past 12 months, parental
highest level of education, and house-
hold income. Model 3 included model 2
variables and added participant age-
corrected scores on the Picture Vocabulary
test, a surrogate for crystallized cognition.
Secondary models included model 3 cova-
riates and were run with each fluid cogni-
tion subdomain age-corrected score
individually (e.g., Dimensional Card
Sort, Flanker Inhibitory Control and
Attention, etc.). Estimates from the
linear regression models were sum-
marized using β-estimates and 95%
CIs. All statistical analyses were con-
ducted using SAS 9.4 software (SAS
Institute, Cary, NC).

RESULTS

Participants with T2D differed signifi-
cantly from participants with T1D across

all sociodemographic and clinical char-
acteristics (P < 0.05 for all) except for
HbA1c AUC (Table 1). Briefly, partici-
pants with T2D were, on average, older
with higher WHtR and depressive symp-
toms scores, disproportionately female
and of minority race/ethnicity, and from
lower-income households with parents
having lower educational attainment.

Participants with T2D performed at a
full SD below the national average with
respect to age-corrected composite fluid
cognition score (mean [SD] 84.7 [17.1]).
Both T2D and T1D groups performed a
full SD below the national average with
respect to age-corrected inhibitory con-
trol and sustained attention scores (79.2
[13.1] and 84.7 [12.8], respectively).

Participants with T2D performed
significantly more poorly compared with
the T1D group with respect to age-
corrected composite fluid cognition
scores (β [95% CI] –9.69 [–12.00, –7.39];
P < 0.001), without adjustment for addi-
tional covariates in model 1. Indepen-
dent of the relevant covariates (model
2), however, the effect of diabetes type
on age-corrected composite fluid cogni-
tion score did not reach statistical sig-
nificance (β [95% CI] –2.84 [–5.83,
0.14]; P = 0.06). Minority race/ethnic-
ity, lower parental education (high
school or less), lower household income
(<$25,000 or do not know/refused),
higher depressive symptoms score (CES-
D), and greater WHtR were significantly
associated with lower age-corrected
composite fluid cognition scores in this
model (P < 0.05 for all). The addition of
age-corrected Picture Vocabulary test
scores in the final model (model 3) fur-
ther attenuated the effect of diabetes
type on composite fluid cognition (T2D
vs. T1D β [95% CI] –0.99 [–3.80, 1.83];
P = 0.49). Greater WHtR and higher de-
pression score remained significantly and
inversely associated with age-corrected
composite fluid cognition in model 3
(P < 0.05 for both), while female sex
was positively associated with age-
corrected composite fluid cognition
scores (P 5 0.04). As expected, better
performance on the Picture Vocabulary
test (higher score) was significantly asso-
ciated with higher age-corrected com-
posite fluid cognition scores (1-unit
increase β [95% CI] 0.41 [0.35, 0.48];
P < 0.001) (Table 2). After controlling
for covariates and age-corrected Pic-
ture Vocabulary scores, diabetes type
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was not significantly associated with
performance on any of the fluid cog-
nition subdomains (P $ 0.05 for all)
(Fig. 1).

CONCLUSIONS

Among youth and young adults with
youth-onset diabetes participating in
the SEARCH study, a large, geographi-
cally and ethnically diverse longitudi-
nal cohort study, we found significantly
poorer fluid cognition in individuals with
T2D compared with T1D in unadjusted
comparisons. When additionally account-
ing for confounders and differences in re-
ceptive language, however, fluid cognition
in the T2D group did not significantly

differ from the T1D group. This finding
suggests that worse fluid cognition in
youth with T2D compared with those
with T1D can be attributed, in part, to dif-
ferences in crystallized cognition, obesity,
and depression between the two groups.
Moreover, in our analysis, crystallized cog-
nition, obesity, and depression were found
to be significant factors contributing to
fluid cognitive function across both youth-
onset diabetes types.

Crystallized cognition is defined as an
individual’s experience-based knowledge
accumulated through prior exposure,
learning, and interactions with the envi-
ronment (39,40). While a measure of
lifetime experience, early childhood

factors that may impact the develop-
ment of crystallized cognition include,
but are not necessarily limited to, child
home enrichment (27,41) (e.g., availabili-
ty of books in the home), quality of child
care (42), preschool attendance (27),
and lifetime opportunity. Crystallized
cognition is related to early-life socioeco-
nomic factors, including parental educa-
tion and income (28,43). Therefore,
crystallized cognitive function may signif-
icantly overlap with socioeconomic sta-
tus in the current analysis. Indeed, in a
secondary analysis, we confirmed the
significant associations among age-cor-
rected Picture Vocabulary scores and
household income, parental education,

Table 1—SEARCH study cohort participant characteristics and NIHT-CB scores by diabetes type

Total
(N = 1,380)

T1D
(n = 1,095)

T2D
(n = 285) P value*

Participant characteristics
Age at SEARCH 4 visit (years), mean (SD) 1,380 21.0 (5.0) 24.6 (4.4) <0.001
Female sex, n (%) 1,380 583 (53.2) 201 (70.5) <0.001
Race/ethnicity, n (%) 1,379 <0.001

Non-Hispanic White 619 (56.6) 51 (17.9)
Non-Hispanic Black 181 (16.5) 142 (49.8)
Hispanic 241 (22.0) 60 (21.1)
Asian/Pacific Islander 37 (3.4) 6 (2.1)
American Indian 11 (1.0) 25 (8.8)
Other 5 (0.5) 1 (0.4)

WHtR, mean (SD) 1,376 0.49 (0.07) 0.64 (0.10) <0.001
Duration of diabetes (years), mean (SD) 1,380 10.8 (3.4) 10.2 (3.6) 0.01
HbA1c (%) AUC, mean (SD) 1,361 8.7 (1.5) 8.7 (2.3) 0.83
HbA1c (mmol/mol), mean (SD) 72 (4.5) 72 (6.9)
Any hypoglycemic events in past 12 months, n (%) 1,356 106 (9.8) 10 (3.6) <0.001
CES-D score, median (IQR) 1,372 7.0 (4.0, 14.0) 11.0 (6.0, 19.0) <0.001
Highest participant education, n (%) 1,362 <0.001

No high school diploma 363 (33.7) 50 (17.6)
High school graduate 218 (20.2) 101 (35.6)
Some college or associate’s degree 341 (31.6) 107 (37.7)
Bachelor’s degree or higher 156 (14.5) 26 (9.2)

Highest parent education, n (%) 1,319 <0.001
No high school diploma 65 (6.2) 25 (9.4)
High school graduate 154 (14.6) 94 (35.3)
Some college or associate’s degree 311 (29.5) 103 (38.7)
Bachelor’s degree or higher 523 (49.7) 44 (16.5)

Household income ($), n (%) 1,365 <0.001
<25,000 169 (15.6) 94 (33.1)
25,000–49,999 185 (17.1) 68 (23.9)
50,000–74,999 127 (11.7) 12 (4.2)
$75,000 326 (30.2) 13 (4.6)
Do not know or refused 274 (25.3) 97 (34.2)

NIHT-CB test scores, mean (SD)‡
Composite fluid cognition 1,380 95.5 (16.7) 84.7 (17.1) <0.001
Pattern Comparison Processing Speed (fluid) 1,380 100.4 (21.0) 92.8 (20.5) <0.001
Flanker Inhibitory Control and Attention (fluid) 1,380 84.7 (12.8) 79.2 (13.1) <0.001
List Sorting Working Memory (fluid) 1,380 100.1 (13.8) 91.2 (15.1) <0.001
Picture Sequence Memory (fluid) 1,380 102.7 (16.8) 95.7 (15.7) <0.001
Dimensional Change Card Sort (fluid) 1,380 98.0 (16.8) 90.3 (17.5) <0.001
Picture Vocabulary (crystallized) 1,380 103.6 (15.0) 91.5 (14.1) <0.001

IQR, interquartile range. *P value from t test or Wilcoxon test (continuous) or v2 test (categorical). ‡NIHT age-corrected cognition test scores
(mean 100 [SD 15]; lower scores indicate poorer performance on cognitive test in comparison with national average for age).
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and race/ethnicity (P < 0.001 for all;
data not shown). Variance inflation fac-
tor estimates, however, indicated no sig-
nificant collinearity among age-corrected
Picture Vocabulary scores, household in-
come, parental education, and race/eth-
nicity in the final model (variance
inflation factor <2 for all). Thus, we
conclude that age-corrected Picture
Vocabulary scores or crystallized cogni-
tion may also be capturing the effect
of early life exposures and cognitive
health prior to diabetes onset (premor-
bid) on fluid cognitive function that are
not accounted for by socioeconomic
factors in model 3. The significant asso-
ciation between age-corrected Picture
Vocabulary scores and composite fluid
cognitive scores in model 3 may also
be due, in part, to the bidirectional re-
lationship between fluid and crystal-
lized cognitive abilities (28).
Fluid cognition is related to but dis-

tinct from crystallized abilities. It in-
volves the effortful maintenance of
information in working memory to plan,
execute, and evaluate goal-directed

behavior. Fluid cognition is sensitive to
alterations of neurologic integrity, such
as aging and disease processes like dia-
betes (44,45). While our final model
showed no independent effect of diabe-
tes type on fluid cognition, we did ob-
serve that WHtR, a surrogate marker of
central adiposity and obesity, was signif-
icantly and inversely associated with
age-corrected composite fluid cognition
scores. Thus, independent of diabetes
type and other clinical and socioeco-
nomic confounders, obesity is a signifi-
cant factor in fluid cognitive health in
adolescents and young adults with
youth-onset diabetes in the SEARCH co-
hort. Consistent with the sensitivity of
fluid cognitive performance to disease
processes, obesity, which is part and
parcel to the development of T2D spe-
cifically, is consistently shown to be as-
sociated with poorer cognitive health in
adults and youth (25,46–48). The direc-
tionality of the relationship between
obesity and cognitive health in the
SEARCH cohort, however, cannot be de-
termined by the current analysis given

the cross-sectional nature of the NIHT-
CB data.

Glycemic control is an additional fac-
tor that has been linked to poorer cog-
nitive health outcomes in people with
diabetes in the extant literature (3,22).
We found no association between
glycemic control and fluid cognitive
performance, independent of diabe-
tes type. This is likely due to the in-
clusion of both diabetes type and
glycemic control in the same model
and the overlap in variance explained
by each of these variables. The role
of glycemic control on these cognitive
outcomes within youth with either
type of diabetes was not the focus of
this report, and it remains to be
explored.

It is important to also note our find-
ing of depression as an additional signif-
icant factor related to poorer fluid
cognitive function regardless of diabetes
type. Unfortunately, the relationship be-
tween greater depression symptomol-
ogy and poorer cognition in youth has
yielded mixed results, largely owing to

Table 2—Estimates for multivariable regression models 1, 2, and 3 for the composite fluid cognition outcome among SEARCH
cohort study participants with complete covariate data (n = 1,277)

Model 1a P Model 2b P Model 3c P

Diabetes type: T2D vs. T1D –9.69 (–12.00, –7.39) <0.001 –2.84 (–5.83, 0.14) 0.06 –0.99 (–3.80, 1.83) 0.49

Sex 0.04
Female — — 0.90 (–0.94, 2.75) 0.33 1.81 (0.07, 3.54)
Male — — Ref. Ref.

Minority race/ethnicity 0.07
Yes — — –4.68 (–6.76, –2.59) <0.001 –1.81 (–3.82, 0.19)
No — — Ref. Ref.

Duration of diabetes (1-year increase) — — –0.16 (–0.43, 0.10) 0.22 –0.15 (–0.40, 0.10) 0.23

WHtR (0.1-unit increase) — — –1.76 (–2.92, –0.60) <0.01 –1.50 (–2.59, –0.41) <0.01

HbA1c AUC (1-unit increase) — — –0.11 (–0.67, 0.45) 0.70 0.24 (–0.29, 0.78) 0.37

Any hypoglycemic events (12 months) 0.43 0.82
Yes — — –1.29 (–4.49, 1.90) –0.35 (–3.35, 2.65)
No — — Ref. Ref.

CES-D score (1-unit increase) — — –0.18 (–0.28, –0.08) <0.001 –0.20 (–0.30, –0.10) <0.0001

Parental education <0.01 0.53
High school graduate or less — — –3.22 (–5.38, –1.06) –0.65 (–2.72, 1.41)
Some college or more — — Ref. Ref.

Household income ($) <0.01 0.14
<25,000 — — –4.63 (–7.60, –1.66) –2.43 (–5.23, 0.38)
25,000–49,999 — — –1.82 (–4.62, 0.98) –0.49 (–3.13, 2.15)
50,000–74,999 — — –0.02 (–3.29, 3.24) –0.16 (–3.22, 2.91)
Do not know or refused — — –4.56 (–6.96, –1.75) –2.69 (–5.15, –0.23)
$75,000 — — Ref. Ref.

Picture Vocabulary score (1-unit increase) — — — — 0.41 (0.35, 0.48) <0.0001

Data are presented as estimate (95% CI). Ref., referent. aModel 1 included the main effect for diabetes type (T2D vs. T1D). All models also ad-
justed for SEARCH clinical site. bModel 2 variables included the covariates sex, race/ethnicity, duration of diabetes, WHtR, CES-D, any hypogly-
cemic events in the past 12 months, parental education, household income, and glycemic control. cModel 3 variables included all model 1
and model 2 variables in addition to age-corrected Picture Vocabulary scores.
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which pediatric sample is studied. For
example, in a large cohort study of typi-
cally developing adolescents, depression
was not related to inhibitory control ei-
ther cross-sectionally or longitudinally
(49). In contrast, in a smaller study of
children and adolescents who were en-
rolled in a pediatric neuropsychology
program, Kavanaugh et al. (26) found
significant associations between execu-
tive functions and clinically diagnosed
depression and anxiety. In youth with
diabetes, the prevalence of mild to
moderate depression has been reported
in 12–40% of those with T1D (50,51)
and �20% of youth with T2D (51,52).
The relationship between depression
and cognitive functioning in youth with
diabetes is, however, understudied.
Therefore, our study may be the first to
report an inverse relationship between
depression symptomology and fluid cog-
nition in youth with diabetes. Further
research is needed to confirm and ex-
pand these findings from the SEARCH
cohort.

To our knowledge, this study is the
first to compare cognitive function

between adolescents and young adults
with T1D or T2D. Our results are gener-
ally consistent with prior evidence of
cognitive dysfunction in both youth-
onset diabetes types compared with
control subjects without diabetes;
meta-analyses have demonstrated con-
sistently poorer performance on tests of
fluid cognition in children and youth
with T1D compared with control subjects
(3,6). On tests of crystallized cognition,
however, these meta-analyses did not
observe differences between the T1D
group and control group. This is sup-
ported by our descriptive findings; the
T1D group scored, on average, at the
population mean for picture vocabulary
but showed some deficits in inhibitory
control (Flanker test) compared with the
age-matched NIHT-CB normative popula-
tion. In a small clinical study of adoles-
cents with obesity and T2D, Yau et al.
(17) found significantly poorer perfor-
mance across all cognitive function as-
sessments, including tests of crystallized
cognition, administered to the T2D group
compared with the obesity-matched
control groups. Similar to Yau et al.,

Brady et al. (16) showed that adoles-
cents with obesity and T2D scored signif-
icantly lower on tests of fluid cognitive
function (e.g., processing speed) than
control subjects. Brady et al. also
showed significantly poorer performance
on tests of crystallized cognition among
the T2D group. In our descriptive com-
parisons, we too found significantly
poorer performance on the Picture Vo-
cabulary test in T2D compared with the
NIHT-CB normative population. Of note,
however, Brady et al. included a limited
set of covariates in their models and Yau
et al. matched youth with T2D to control
subjects on a limited set of socioeco-
nomic and clinical factors compared with
our comprehensive a priori–defined list
of confounders. Moreover, Brady et al.
and Yau et al. both matched the T2D
group to the control group by obesity
status, thus removing the potential effect
of obesity on cognition in youth-onset di-
abetes. Despite not having a nondiabetic
control group in the current study (by
design), our findings provide evidence
that youth with T2D have significantly
worse fluid cognitive function compared

Figure 1—Predicted means derived from model 3 for composite fluid cognitive scores and NIHT-CB fluid cognition subtest scores by diabetes type.
Covariates in model 3 included SEARCH clinical site, sex, race/ethnicity, duration of diabetes,WHtR, CES-D, any hypoglycemic events in the past 12
months, parental education, household income, glycemic control, and Picture Vocabulary score. lsmean, least squares mean.
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with youth with T1D; however, this T2D
effect is fully accounted for by differ-
ences between the two diabetes groups
in crystallized cognition and other impor-
tant clinical factors like obesity and
depression.
The importance and novelty of the

current study’s results are bolstered by
the strength of the study design and
the study population. Specifically, fol-
lowing each participant’s diabetes diag-
nosis and subsequent enrollment in
SEARCH, prospective data were col-
lected via in-person visits and medi-
cal record abstraction on clinical
factors considered etiologic for diabetes
severity and progression, including those
thought relevant to cognition (e.g., glyce-
mic control). While the cross-sectional
nature of the cognitive data limits our
ability to account for baseline cognition,
the prospective data collection of the
SEARCH cohort, overall, facilitated pre-
cise confounder adjustment in the cur-
rent study. Our results remain limited,
however, in that the descriptive differ-
ences in the NIHT-CB age-corrected
scores observed between the youth-on-
set diabetes groups cannot be corrobo-
rated with potential day-to-day
functional difficulties, such as with aca-
demic performance, as this was not mea-
sured in SEARCH. Thus, the results
reported in this study should not be in-
terpreted to mean that all young adults
with diabetes are cognitively impaired or
that the deficits reported here prevent
them from being successful. Further, by
design, the SEARCH study does not in-
clude a control group without diabetes
and, therefore, our comparisons are limit-
ed to youth with diabetes. However, the
strength of the NIHT-CB is its normative
scoring, which allowed us to indirectly
compare the two diabetes groups to the
age-matched national averages for all
cognitive test scores included in the cur-
rent study.
In conclusion, the current study pro-

vides new evidence that worse fluid
cognitive functioning among adoles-
cents and young adults with T2D
compared with those with T1D is
completely accounted for by differences
in relevant socioeconomic and clinical
variables between the two groups, in-
cluding crystallized cognition, obesity,
and depression. Importantly, crystallized
cognition, obesity, and depression
are associated with fluid cognition

regardless of diabetes type and are po-
tentially modifiable factors. Moreover,
obesity and depressive symptoms, as
well as crystallized cognition and its
potential underlying socioeconomic con-
tributors, may be important for under-
standing the clinical and quality-of-life
ramifications and modifications of care
that might address disparities in fluid
cognition in youth with diabetes. Future
research is needed to explore these fac-
tors further across the life course of
youth with diabetes.
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