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Clinical Care/Education/Nutrition/Psychosocial Research

ORIGINAL ARTICLE

Cognitive Function and Arm¥
Off

Rate in Young Advult Male
Women With Diabetes

A Danish population-based cohort study

GUNNAR LAUGE NIELSEN, MD! 3

C1AUS DETHLEFSEN, MSC, PHD
HenrIK TOFT SORENSEN, DMSC!

JaN FoG PEDERSEN, DMSC
LARrRs MOLSTED-PEDERSEN, pmsc?

OBJECTIVE — While maternal diabetes is a known risk factor for perinatal complications,
there is little data on long-term intellectual outcome in offspring. We compare the rejection rate
and cognitive functioning of military conscripts according to maternal diabetes status during
pregnancy.

RESEARCH DESIGN AND METHODS — We identified a cohort of Danish male off-
spring of diabetic mothers born between 1976 and 1984 and followed this cohort together with
population-based control subjects to military conscription. The main outcome was army rejec-
tion rate and cognitive function measured with a validated intelligence test.

RESULTS — The army rejection rate was 52.5% among 282 men whose mothers had diabetes
during pregnancy and 45.4% among 870 control subjects (risk difference 7.3 [95% CI 0.6—
14.0]). Mean cognitive scores were 41.4 units (95% CI 40.2—-42.6) in diabetes-exposed con-
scripts and 42.7 units (42.0—43.4) in control subjects. Stratification by gestational age, Apgar
score, and White’s class (A-F) did not change the associations. In a subgroup analysis using
available data on A1C levels during pregnancy, this variable was inversely associated with
cognitive functioning. In men with maternal A1C <7%, cognitive scores were identical to those
in control subjects.

CONCLUSIONS — The slightly higher army rejection rate in men with maternal diabetes
indicates higher morbidity. The identical cognitive functioning in cases of well-controlled ma-
ternal diabetes compared with that in control subjects is reassuring, but the negative association
between A1C and cognitive score highlights the importance of striving for optimal metabolic
control in diabetic women who are or plan to become pregnant.

Diabetes Care 30:2827-2831, 2007

aternal diabetes is a risk factor for ~adequate intellectual development in

some perinatal complications that
increase the risk of neurological
morbidity (1,2). An altered intrauterine
environment, deliveries complicated by a
higher prevalence of both preterm and

later life (3).

Previous studies have reported nor-
mal development in the first 5-7 years of
life of full-term children born to diabetic
mothers, but data on outcomes among

older children are scarce (3-5). Rizzo et
al. (6) conducted a series of intellectual

overweight babies, and prolonged stay in
intensive care units raise concerns about
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and psychomotor tests in children aged
7-11 years in a Chicago cohort originally
comprising 196 children born to mothers
with type 1 and type 2 diabetes. They
found that average scores on a full-scale
intelligence test were inversely correlated
with maternal A1C levels in the second
trimester and with B-hydroxybuturate
levels in the third trimester (7). However,
only 94 and 119 children contributed
data for the two variables at follow-up,
making the study vulnerable to selection
bias.

Accurate data on cognitive perfor-
mance in children of diabetic women is
important to both mothers and their phy-
sicians. If offspring of diabetic mothers
show worse cognitive performance than
control subjects, one could attempt to
identify modifiable risk factors. Alterna-
tively, documentation of normal intellec-
tual development would be reassuring.

To address this question, we analyzed
cognitive function in young men at the
time of army conscription according to
their mothers’ diabetes status during
pregnancy. In a subgroup with data on
AlClevel, we analyzed the association be-
tween this variable and cognitive func-
tion. Because a fraction of the conscripts is
rejected without actual draft examination,
we also assessed the differences in rejec-
tion rate according to maternal diabetes
status during pregnancy.

RESEARCH DESIGN AND

METHODS — From the medical
records of obstetrics departments in two
Danish hospitals (Rigshospitalet, Copenha-
gen, and Aalborg Hospital, North Jutland
County), we formed a consecutive cohort of
all boys born between 1976 and 1984 to
women with pregestational and gestational
diabetes (diabetes-exposed pregnancies). In
Denmark, all pregnant women are routinely
offered regular and free outpatient care and
hospitalization if necessary. Care of preg-
nant diabetic women in eastern Denmark
(1.5 million inhabitants) and North Jutland
County (0.5 million inhabitants) is con-
fined to these two departments. Studies on
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perinatal and neonatal outcomes of diabetic
pregnancies in the 1976-1984 period have
been published previously (8,9).

For each diabetes-exposed preg-
nancy, we identified three control preg-
nancies from the nationwide Central
Office of Civil Registration (CPR Registry)
and matched the exposed and unexposed
offspring by birth year and maternal resi-
dence at time of birth.

Rejection rate and cognitive score at
Draft Board

It is mandatory that all Danish men regis-
ter with the military Draft Board some-
time between the ages of 18 and 20 years,
whereas actual military service may be
postponed according to individual prefer-
ences, such as education plans. At the
time of conscription, all young men com-
plete a health questionnaire in which they
report chronic health problems that could
preclude military service. The Draft Board
verifies such reports with health care pro-
viders, and men deemed ineligible for
military service are exempt from further
examination. If the diagnosis is uncertain,
draftees are referred to medical specialists
for further evaluation. When appropriate,
those with severe chronic diseases are ex-
cused from the draft at this point. Reasons
for exemption are recorded in the Con-
script Registry according to the ICD-10
(10). Men exempted following input from
primary health care providers or medical
specialists are not required to present for a
medical examination or cognitive testing
under the auspices of the Draft Board.
Conscription test results are thus unavail-
able for these men (hereafter referred to as
“nonpresenters”). To assess the extent of
selection bias due to neurological and
mental/behavioral conditions among the
nonpresenters, we constructed a variable
comprising ICD-10 codes F (psychiatric
and behavioral disorders) and G (diseases
of the nervous system) for this group.

The draft suitability of the remaining
men (hereafter referred to as “presenters”)
is determined by a routine Draft Board
evaluation, consisting of a medical exam-
ination (with special emphasis on condi-
tions that may interfere with the ability to
serve in the military forces) and an intel-
ligence test. All disease conditions de-
tected in presenters are categorized
according to the ICD-10 and filed in the
Conscript Registry.

All presenters take the Boerge-Prien
test, a 45-min validated group intelli-
gence test developed for the Danish draft
board in 1957 and used since then in an

unmodified form (11). This 78-item test
has four subscales (letter matrices, verbal
analogies, number series, and geometric
figures). The score equals the total num-
ber of correct answers for all 78 questions
and is highly correlated with the verbal
intelligence quotient (IQ) (0.78), perfor-
mance 1Q (0.71), and full-scale 1Q (0.82)
on the Wechsler adult intelligence scale
(WAIS). In a validation study, the mean
full-scale 1Q was 105.8 and the mean
Boerge-Prien test score was 44.2 (11).

Following the Draft Board examina-
tion, all draftees are categorized as accepted,
conditionally accepted, or rejected for
military service based on a global assess-
ment of the medical examination and cog-
nitive test results. Evaluation at the Draft
Board concerns all branches of the Danish
armed services. We retrieved data on all
outcomes for both the diabetes-exposed
and control groups from the Conscript
Registry.

Data on pregnancy-related
covariates

Data on gestational age and Apgar score at
5 min were collected from hospital
records and the Danish Medical Birth
Registry. The Medical Birth Registry con-
tains information on all births in Den-
mark since 1 January 1973. Data are
obtained from the official reports filed by
the midwives who attend all deliveries in
Denmark.

For the diabetes-exposed mothers,
we extracted maternal White’s classifica-
tion data from hospital records (12).
White’s class A women are treated with
diet only, whereas classes B, C, D, and F
all represent women with pregestational
insulin dependency. In addition, we had
access to data on maternal A1C levels for
50 pregnancies in the North Jutland sub-
cohort.

Linkage of data sources

Since 1968, all Danes have received a 10-
digit personal registration number at
birth or upon immigration. This unique
identifier is used in virtually all Danish
registries and thus permits unambiguous
data linkage.

Statistical analyses

Median and mean values for each out-
come category and associations between
exposure and cognitive scores were com-
puted with 95% Cls. The Mann-Whitney
test was used to compare P values for me-
dians. We used a significance level of
95%. The distribution of cognitive scores

in the diabetes-exposed and control
groups was displayed graphically with an
Epanechinikov kernel density estimation
(13). All analyses using the cognitive
score outcome were stratified by week of
completed gestation (31st to 38th), two
levels of Apgar score (7-10 or <7), and
two levels of White’s class (A—C and D-F)
in order to test for interaction from these
variables. We then fitted an ordinary re-
gression model for cognitive test score asa
function of diabetes exposure and these
variables. Because the distribution of cog-
nitive scores was slightly skewed to the
left, we repeated the regression analyses
using a Box-Cox transformation with es-
timated N = 1.5 (14). We also analyzed
outcomes for the subgroups of men with
scores in the lowest 25th and 10th per-
centiles of the entire Boerge-Prien distri-
bution. In the subgroup from North
Jutland with available A1C measure-
ments, this variable was analyzed as a
continuous variable and displayed in a
scatter plot. To assess the potential impact
of missing Boerge-Prien scores in nonpre-
senters, we conducted sensitivity analyses
in which missing values were imputed
with scores ranging from 36 to 48 Boerge-
Prien units. We used version 9.0 SE of
Stata software for all analyses (13).

The study was approved by the re-
gional ethics committee (file no. 2-16-4-
5-95.

RESULTS

Descriptive data

Of the 295 young men exposed to mater-
nal diabetes, 4 (1.4%) died between 1
month and 17 years of age, 6 emigrated, 1
was granted draft deferment, 1 was re-
jected from military service due to a crim-
inal sentence, and 1 was lost to follow-up,
leaving 282 (96%) men born to 259
mothers with information on acceptance
or rejection for military service. The con-
trol group consisted of 870 young men
with this information.

Rejection for military service
In the diabetes-exposed group, 54
(19.2%) were rejected as nonpresenters
compared with 134 (15.4%) in the con-
trol group (risk difference [RD] 3.8%
[95% CI —1.4 to 8.9]). The prevalence of
rejection due to diagnoses from ICD-10
categories F and G was 6.0 and 5.2%, re-
spectively (0.8% [—13.8 to 13.0]).
When presenters and nonpresenters
were combined, the rejection rate was
52.5% (148 of 282) among the diabetes-
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exposed group compared with 45.4%
(395 of 870) among the control group
(RD 7.3% [95% C1 0.6-14.0]). The med-
ical reasons for rejection among both
nonpresenters and presenters were evenly
distributed among the other ICD-10 cat-
egories without predominance of diag-
noses that could be related to cognitive
performance (data not shown).

Cognitive scores

Boerge-Prien scores were available for
227 diabetes-exposed conscripts and 736
control subjects. Median scores were 43
units (interquartile range 36—48 units in
diabetes-exposed and 37-49 units in
control subjects) in both groups (P =
0.12). Mean values were 41.4 units (95%
CI 40.2—-42.6) in diabetes-exposed and
42.7 units (42.0-43.4) in control
subjects.

This difference of 1.27 units (95% CI
—2.70 to 0.14) equals 3.0 points on the
commonly used IQ scale. Estimates from
analyses stratified for gestational week,
categories of 5-min Apgar scores, and ma-
ternal White’s class were virtually identi-
cal to the crude estimates. Because
inclusion of these three variables in the
regression model did not change the esti-
mates, we report results from the crude
analysis only.

The results after the Box-Cox trans-
formation of cognitive scores were consis-
tent with the findings from the regression
analysis with the untransformed Boerge-
Prien scores (data not shown). Figure 1
shows the densities of cognitive scores in
the two groups estimated with an Ep-
anechinikov kernel density. In the sub-
groups with cognitive scores in the lowest
25th (n = 241) and 10th (n = 97) per-
centiles, the estimates were also identical
with the crude analysis (data not shown).
The associations remained virtually un-
changed when the analyses were repeated
in a subcohort of women in which only
the first recorded pregnancy for each
woman was included.

In the sensitivity analyses with im-
puted Boerge-Prien scores in the 189
cases without available data, we recalcu-
lated the estimated difference in scores in
the two groups by each imputation level.
With an imputation level of 39 units, the
difference was —1.18 (95% CI —2.36 to
0.01), and the association became gradu-
ally more negative for all lower imputed
values.

In the subgroup of 39 pregnancies
with available data on both A1C and cog-
nitive score, we found that a 1% point
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Figure 1—Distribution of Boerge-Prien scores for diabetes-exposed and control groups using
Epanechinikov kernel density estimation. Full line, diabetes exposed group; dashed line, control

group.

increase in A1C value was associated with
a 2.6% point decrease in cognitive score
(95% CI 1.8-4.8). In 19 pregnancies
with A1C values =7.0%, the mean cogni-
tive score was 42.6 units, whereas the
score was 39.1 units in 20 pregnancies
with A1C >7.0%, equivalent to a differ-
ence of 3.5 units (0.6-7.9) compared
with control subjects. Figure 2 depicts the
association between A1C and cognitive
score together with a Box-and-whisker
plot of the scores among control and dia-
betes-exposed subjects without A1C
values.

CONCLUSIONS — To our knowl-
edge, this is the largest cohort study to
date of the cognitive consequences of ex-
posure to maternal diabetes, with the
longest and most complete follow-up.
The diabetes-exposed cohort constitutes
a population-based consecutive sample
with almost complete follow-up into
young adulthood. We also procured a
concurrent, population-based control
group, as evaluation by the Draft Board is
mandatory for all Danish men.

When presenters and nonpresenters
were considered together, the rate of re-
jection for military service was higher in
the diabetes-exposed group. Among pre-
senters there was only a small decrease in
cognitive score associated with diabetes
exposure. In the subgroup with available
data on A1C, we found a significant neg-
ative association between maternal A1C

level and cognitive score adjusted for
other perinatal risk factors. However, the
cognitive scores in men exposed to A1C
<7% were identical with those observed
among control subjects.

Several potential study weaknesses
deserve discussion. Differences in reasons
for rejection in nonpresenters could in-
troduce selection bias. However, our ob-
servation of identical proportions of
rejection due to neurological and mental/
behavioral conditions in both presenters
and nonpresenters decreases this con-
cern. In the sensitivity analyses, the asso-
ciation remained stable throughout a
wide range of imputed cognitive scores,
indicating that the observed association is
fairly robust. Data entry errors are another
possible source of bias, but all data were
collected prospectively without knowl-
edge of maternal exposure status. Such
errors are likely to be nondifferential and
would lead to underestimation of the true
associations. Another concern is that
some draftees may have intentionally per-
formed worse on the test than would be
expected according to their actual IQ level
in order to avoid military service. How-
ever, we find it unlikely that such behav-
ior would depend on maternal diabetes
status during pregnancy. Likewise, we
find it unlikely that deterioration of ma-
ternal disease status with subsequent
need for additional care at time of con-
scription would seriously affect the per-
formance of a son at conscription. In
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Figure 2—Box-and-whisker plot of Boerge-Prien scores for control and diabetes-exposed subjects without A1C values and the association between
AIC and Boerge-Prien score in 39 diabetes-exposed subjects with A1C values. Left panel: Scatter plot with regression line of AIC versus cognitive
score in 39 diabetes-exposed subjects with A1C values. Shaded area represents 95% confidence band. X-axis label represents A1C values from 4.0 to
10.0%. Right panel: Control (n = 736) and diabetes-exposed (n = 189) subjects without A1C values. The middle lines mark the median, the top and
bottom of the boxes mark 75th and 25th quartiles, and the whiskers extend from the quartiles to observations no farther than 1.5 times the
interquartile range. More extreme observations are plotted individually.

Denmark, patients with chronic condi-
tions, like blindness, receive supplemen-
tary benefits, and arrangements for
private care of diseased or disabled family
members are therefore rare.

Registry data lack information about
several factors that could confound the
observed association if they were un-
evenly distributed by maternal diabetes
status. Examples include maternal smok-
ing and duration of breastfeeding, which
have been previously shown to be associ-
ated with cognitive performance (15,16).
However, available research findings in-
dicate that parental socioeconomic fac-
tors only partially mediate the association
between restricted fetal growth and low
intellectual performance at conscription
(17). Additional data on socioeconomic
indicators are thus not likely to dissolve
the observed associations. In the majority
of the diabetic pregnancies, we unfortu-
nately lack clinical details regarding both
metabolic control and comorbidity. Dia-

betic women could have a higher degree
of comorbidity than women without dia-
betes. However, in the case of vascular
complications, these conditions would be
reflected in White’s classes D and F, and
adjusting for White’s class did not affect
our findings.

Data on A1C were not routinely col-
lected during the study period. Because
the subgroup with available A1C data
may represent a selected group of preg-
nancies, our observation of a negative as-
sociation between A1C and cognitive
score should be interpreted with caution.
At the same time, however, our findings
are in accordance with those of Silverman
et al. (7), who observed a negative asso-
ciation between maternal A1C and
B-hydroxybuturate and intellectual per-
formance at school age. It is also notewor-
thy that in men exposed to an A1Clevel in
the lower half of the observed A1C range,
cognitive scores were identical with those
found in control subjects, whereas the

score was 3.5 units lower in men exposed
to a high intrauterine A1C level. Due to a
low number of pregnancies with recorded
A1C values, our associations did not
reach statistical significance at the 95% CI
level, but a difference corresponding to
8.4 points on the commonly used 1Q scale
seems clinically important. Our results
therefore support the notion that the ben-
eficial impact of optimal metabolic con-
trol during pregnancy extends well
beyond the neonatal period.

The observation of identical cognitive
scores in young adulthood in offspring of
diabetic women with A1C <7% and con-
trol subjects is reassuring for diabetic
women who plan to become pregnant,
but the observed negative association be-
tween metabolic control and adult cogni-
tive functioning adds further evidence of
the importance of striving for optimal
metabolic control during pregnancy (18—
20). The higher morbidity among sons of
diabetic mothers accords with a nation-
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wide Swedish registry—based study re-
porting a slight increase in the number of
hospitalizations in children born to moth-
ers with diabetes compared with popula-
tion-based control subjects (21). The
reasons for these observations and the
pattern of excess morbidity deserve more
detailed analyses.

In a cohort of 282 Danish men aged
18-20 years and born to diabetic mothers,
we found a slightly higher army rejection
rate compared with that of population
control subjects. A minor difference in in-
tellectual performance was found between
the two groups, but subgroup analyses
indicate that the difference may be confined
solely to women with suboptimal metabolic
control during pregnancy.
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