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OBJECTIVE

Diabetes is a risk factor for an accelerated rate of cognitive decline and dementia.
However, the relationship between cognitive function and the subsequent de-
velopment of diabetes is unclear.

RESEARCH DESIGN AND METHODS

We conducted a historical-prospective cohort study merging data collected at
premilitary recruitment assessment with information collected at the Staff Peri-
odic Examination Center of the Israeli Army Medical Corps. Included were men
aged 25 years or older without a history of diabetes at the beginning of follow-up
with available data regarding their general intelligence score (GIS), a comprehen-
sive measure of cognitive function, at age 17 years.

RESULTS

Among 35,500 men followed for a median of 5.5 years, 770 new cases of diabetes
were diagnosed. After adjustment for age, participants in the lowest GIS category
had a 2.6-fold greater risk for developing diabetes compared with those in the
highest GIS category. In multivariable analysis adjusted for age, BMI, fasting
plasma glucose, sociogenetic variables, and lifestyle risk factors, those in the
lowest GIS category had a twofold greater risk for incident diabetes when com-
pared with the highest GIS category (hazard ratio 2.1 [95% CI 1.5–3.1]; P < 0.001).
Additionally, participants in the lowest GIS category developed diabetes at amean
age of 39.56 4.7 years and those in the highest GIS group at a mean age of 41.56
5.1 years (P for comparison 0.042).

CONCLUSIONS

This study demonstrates that in addition to a potential causal link between di-
abetes and enhanced cognitive decline, lower cognitive function at late adoles-
cence is independently associated with an elevated risk for future diabetes.

Evidence from the last several years suggests that dysglycemia accelerates the rate
of cognitive decline and increases the risk for dementia. Indeed, people with di-
abetes are about 1.5-fold more likely to experience an accelerated rate of cognitive
decline and are twice as likely to develop dementia (1–4). It also has been shown
that dysglycemia per se is associated with an increased risk for dementia (5). This
relationship is partially explained by cardiovascular risk factors, education, socio-
economic status (SES), and lifestyle factors. However, common mechanistic path-
ways such as inflammation, microvascular disease, and the effects of insulin
sensitivity on the brain and in the periphery have also been hypothesized as an
explanation for this relationship.

1Department of Medicine B, Sheba Medical Cen-
ter, Tel Hashomer, Israel
2Dr. Pinchas Bornstein Talpiot Medical Leader-
ship Program, Sheba Medical Center, Tel
Hashomer, Israel
3Israel Defense Forces Medical Corps, Israel
4Sackler School of Medicine, Tel Aviv University,
Tel Aviv, Israel
5Division of Endocrinology, Diabetes and Hyper-
tension, BrighamandWomen’s Hospital, Harvard
School of Public Health, Boston, MA
6Division of Endocrinology & Metabolism and
Population Health Research Institute, McMaster
University andHamiltonHealth Sciences, Hamilton,
Ontario, Canada
7Department of Radiology and Imaging, Sheba
Medical Center, Tel Hashomer, Israel
8Israel Ministry of Health, Jerusalem, Israel
9Department of Endocrinology, Sheba Medical
Center, Tel Hashomer, Israel
10Department of Clinical Biochemistry and Phar-
macology and the National Institute of Biotech-
nology in the Negev, Ben Gurion University of the
Negev, Beer Sheva, Israel
11Gertner Institute for Epidemiology, Tel
Hashomer, Israel

Corresponding author: Gilad Twig, gilad.twig@
gmail.com.

Received 19 March 2014 and accepted 10 July
2014.

This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/
suppl/doi:10.2337/dc14-0715/-/DC1.

© 2014 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for profit, and the work is not altered.

Gilad Twig,1,2,3 Israel Gluzman,3,4

Amir Tirosh,5 Hertzel C. Gerstein,6

Gal Yaniv,3,7 Arnon Afek,4,8

Estela Derazne,3,4 Dorit Tzur,3

Avraham Karasik,4,9 Barak Gordon,3,4

Eyal Fruchter,3,4 Gadi Lubin,3,4

Assaf Rudich,10 and

Tali Cukierman-Yaffe4,9,11

2982 Diabetes Care Volume 37, November 2014

EP
ID
EM

IO
LO

G
Y/
H
EA

LT
H
SE
R
V
IC
ES

R
ES
EA

R
C
H

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/37/11/2982/618836/2982.pdf by guest on 09 April 2024

http://crossmark.crossref.org/dialog/?doi=10.2337/dc14-0715&domain=pdf&date_stamp=2014-10-08
mailto:gilad.twig@gmail.com
mailto:gilad.twig@gmail.com
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-0715/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-0715/-/DC1


Despite the extensive amount of data
regarding diabetes as a cause of cogni-
tive dysfunction, there is a paucity of
information regarding a potential as-
sociation between cognitive function
and the subsequent development of
diabetes.
TheMetabolic, Lifestyle and Nutrition

Assessment in Young Adults (MELANY)
cohort of the Israel Defense Forces (IDF)
has been used to assess risk factors for
coronary artery disease and diabetes
among young men (6–11). This cohort
also contains extensive cognitive perfor-
mance data that are routinely collected
at military recruitment (age 17 years)
together with periodic medical assess-
ments up to late adulthood. Here, we
used the MELANY cohort to assess the
relationship between cognitive function
in late adolescence and the risk for sub-
sequent development of diabetes dur-
ing young adulthood.

RESEARCH DESIGN AND METHODS

Study Population
The MELANY cohort is part of an ongo-
ing investigation of the IDF Medical
Corps (6–11). Army personnel that re-
main in military service beyond 2–3
years of mandatory service and are
older than 25 years of age are referred
every 3–5 years for a routine health ex-
amination and screening tests at the
Staff Periodic Examination Center
(SPEC). At each visit to the SPEC, partic-
ipants complete a detailed questionnaire
assessing demographic, nutritional, life-
style, andmedical factors. Blood samples
are drawn following a 14-h fast and ana-
lyzed immediately. Height andweight are
measured, and a physician at the center
performs a complete physical examina-
tion. All medical information is recorded
in the same central database (indepen-
dent of SPEC visits), thereby facilitating
ongoing, uniform follow-up as described

previously (7,8,10). All participants in
MELANY, independent of their rank and
position, have similar access to medical
services, which are provided free of
charge. Additionally, prior to enlistment
in the military at age 17 years, MELANY
participants undergo a mandatory gen-
eral intelligence test (general intelli-
gence score [GIS], detailed below).

Figure 1 shows a schematic illustra-
tion of the study design. Included in
this study were men with complete GIS
assessment (conducted at age 17 years)
who attended the SPEC at least once
between 1 January 1995 and 8 March
2011. Data regarding participants who
developed diabetes (type 1 or 2) prior
to their first visit at the SPEC (n = 62) and
those with a follow-up of ,3 months
from enrollment to the diagnosis of di-
abetes (n = 815) were censored from
the analysis (Fig. 1). The institutional re-
view board of the IDF Medical Corps

Figure 1—Study flow diagram: participant assessment, designation, and outcomes. Rates of diabetes incidence (in person-years of follow-up) are
given in parentheses for different GIS subgroups.
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approved this study on the basis of strict
maintenance of participant anonymity
during data analyses. Our data set in-
cluded 4,948 women, 31 of whom de-
veloped diabetes. This small number of
incident cases precluded meaningful
statistical analyses; thus, this study in-
cluded only men.

Assessing GIS
The general intelligence test is con-
ducted as part of the military recruit-
ment assessments. The validity of the
GIS as a measure of general intelligence
has been previously demonstrated to
exhibit a correlation .0.8 with the
Wechsler Adult Intelligence Scale total
IQ (12–17). The lowest GIS group in
our study (GIS 1–3) corresponds to an
approximate IQ score range of 70–85.
A GIS value of 5 reflects the mean score
of the population (an IQ score of 100),
whereas a GIS value of 9 refers to an IQ
score of 130 points or higher. It includes
evaluation of language ability and intel-
lectual performance. The intelligence
assessment includes four subtests: the
Otis-R, which is a measure of the ability
to understand and carry out verbal in-
structions; Similarities-R, which assesses
verbal abstraction and categorization;
Arithmetic-R, which assesses mathemati-
cal reasoning, concentration, and concept
manipulation; and Raven’s Progressive
Matrices-R, which measures nonverbal
abstract reasoning and visual-spatial
problem-solving abilities (12). The sum
of the scores of the four tests form a val-
idated measure of general intelligence
(IQ) scored on a 9-point scale (13). The
GIS is administered by personnel who
undergo a 4-month training course.

Follow-up and Outcomes
Follow-up began at participants’ first
visit to the SPEC and ended at the time
of diabetes diagnosis, death, retirement
from military service, or 8 March 2011,
whichever came first. The median age
for army discharge was 37.4 years with
,10% of the participants remaining in
service after the age of 45 years. Screen-
ing for diabetes was performed at each
visit to the SPEC based on fasting plasma
glucose (FPG) levels. Incident cases of
diabetes were based on a physician di-
agnosis of diabetes according to Ameri-
can Diabetes Association criteria by
documenting either two FPG levels
$126 mg/dL (7.0 mmol/L) or a glucose
level $200 mg/dL 2 h after ingestion of

75 g of glucose (conducted in individuals
in which the examining physician
deemed the test necessary). All labora-
tory studies were performed on fresh
samples in an ISO-9002 quality-assured
core facility laboratory. In order to
strengthen the odds that most diag-
nosed diabetes cases were type 2 and
not type 1 diabetes, additional analysis
on the number of participants who used
insulin was imputed. As computerized
documentation of the pharmacological
therapy in the medical record was avail-
able only from 1 January 2004, this was
done in only a subset.

Definition of Variables
SES data based on place of residence
were obtained from records of the
Israeli Ministry of Interior, which stra-
tifies all municipalities according to a
1–10 scale devised by the Israeli Central
Bureau of Statistics. Variables that
might affect SES, such as age distribu-
tion, available workforce, level of unem-
ployment, level of education (fraction of
undergraduate students and those enti-
tled to a high school diploma), average
income per capita, and fraction of in-
come support recipients are considered.
As reported previously (14,15), SES was
coded into three groups: low (SES 1–4),
medium (SES 5–7), and high (SES 8–10).
Education was modeled as a categorical
variable of low or high level at a thresh-
old of 11 complete years of school edu-
cation. This cutoff was chosen because it
represents the maximum potential
school instruction at the time of GIS as-
sessment. Country of origin (classified
by the father’s or grandfather’s country
of birth) was categorized into five geo-
graphical areas: former USSR countries,
Asia (non-USSR), Africa (excluding South
Africa), Western (comprised of non-
USSR Europe, North and South America,
South Africa, Australia, and New Zea-
land), and Israel. Country of birth was
classified in a similar manner. BMI, tri-
glyceride level, fasting glucose level,
and white blood cell (WBC) count at
enrollment were treated as continu-
ous variables. Smoking status (current
smoker, ex-smoker, or never smoked),
physical activity ($150 min/week,
,150min/week, or inactivity), breakfast
consumption (16) (frequent, sometimes,
or none), and family history of diabetes
(yes or no) were treated as categorical
variables.

Statistical Analysis
Continuous variables were summarized
using mean and SD and/or medians with
intraquartile ranges. Counts with per-
centages were used for binary variables.
GIS was analyzed as a continuous as well
as a categorical variable comprised of
four groups of scores, 1–3, 4–5, 6–7,
and 8–9, as reported previously (13,
17–21). Linear regression models were
used to delineate the relationship be-
tween differences of 1 unit in GIS at
age 17 years and the risk for incident
diabetes. Coxproportional hazardsmod-
els were used to estimate the hazard
ratios (HRs) and 95% CIs for developing
diabetes among the four GIS categories.
Several models were used to assess
these relationships after adjusting for
possible confounders (age, sex, educa-
tion, SES, etc.) and mediators (FPG,
physical activity, etc.) of the diabetes–
cognitive dysfunction relationship. Pos-
sible confounders and mediators of the
diabetes–cognitive dysfunction rela-
tionship are as follows: model 1, age;
model 2, age, BMI, and FPG; model 3,
model 2 variables and sociogenetic risk
factors (family history of diabetes, coun-
try of birth, country of origin, SES, and
education); model 4, model 2 variables
and lifestyle risk factors (physical activ-
ity, smoking status, triglyceride level,
and breakfast consumption); and model
5, model 2 variables, sociogenetic and
lifestyle risk factors, and WBC count.
Log minus log plots for each variable
were inspected to verify the assumption
of proportionality of the hazards. As part
of a sensitivity analysis, the analysis was
repeated for subpopulations with 5 and
10 years of follow-up for several sub-
groups and utilizing a limited definition
of diabetes (a follow-up FPG value
$126 mg/dL at scheduled SPEC visits).
One-way ANOVA was used to compare
mean age at diagnosis among GIS sub-
groups. Analyses were performed with
SPSS statistical software, version 19.0
(SPSS, Inc., Chicago, IL).

RESULTS

Characteristics of Study Participants
Data from 35,500 young men who were
followed as part of the MELANY cohort
met the inclusion criteria. During a
mean follow-up period of 6.2 6 4.3
years (median 5.5 years), 78 and 54%
completed at least 3 or 5 years of
follow-up, respectively. Seven hundred
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seventy incident cases of diabetes were
diagnosed during 220,265 person-years
of follow-up. Among the 553 cases of in-
cident diabetes diagnosed after January
2004, there were 37 participants who
were treated with insulin throughout
the study period. In four cases (0.7%),
the prescription of insulin was imme-
diate (within the month of diagnosis);
9 (1.6%) and 11 cases (2.0%) were
treated with insulin 6 and 12 months
after diabetes diagnosis, respectively.
Table 1 presents the baseline character-
istics of the cohort across four GIS

categories. The distribution of the GIS
among the study participants is avail-
able as supplementary material (Sup-
plementary Fig. 1). Table 1 presents
the distribution for variables collected
before beginning follow-up (age 17
years at the time of GIS assessment)
and variables collected at the first
SPEC assessment (beginning of follow-
up) across the four GIS categories. Par-
ticipants who were born in Israel or
were at least a second generation in
the country constituted 82.8 and 8.3%
of the cohort, respectively, with a

higher proportion in the lower GIS
group. As expected, the GIS was associ-
ated with several parameters reflecting
level of education and SES. Additionally,
more individuals in the lower versus
higher GIS categories reported a family
history of diabetes. Finally, mean FPG
levels were higher in the lowest
(89.6 6 9.2 mg/dL) versus highest GIS
category (88.6 6 8.7 mg/dL; P , 0.001)
and there was a higher proportion of
participants with impaired fasting glu-
cose in the lowest (12.5%) versus highest
GIS category (9.8%; P , 0.001).

Table 1—Characteristics of the cohort according to GIS at the first SPEC visit (beginning of follow-up) and at the age of 17 years

GIS category

Total or average6 SD1–3 4–5 6–7 8–9

n 3,321 10,511 13,547 8,121 35,500

Age (years) 29.81 6 5.08 31.42 6 5.87 31.93 6 5.95 30.20 6 5.29 31.19 6 5.76

Country of birth
Israel 86.9 84.8 81.5 80.7 82.8
USSR 2.9 4.5 8.2 12.0 7.5
Asia 1.4 2.0 1.7 0.7 1.5
Africa 8.4 7.1 5.5 1.0 5.2
West 0.4 1.5 3.1 5.5 2.9

Country of origin
Israel 16.8 8.8 7.3 6.0 8.3
USSR 4.4 6.5 12.8 20.5 11.9
Asia 23.0 29.0 24.9 15.3 23.7
Africa 48.6 42.5 27.9 11.9 30.5
West 7.2 13.1 27.2 46.2 25.5

Education .10 years 73.9 85.5 95.2 99.3 91.3

SES
Low 50.4 40.4 29.1 18.1 31.9
Intermediate 45.0 51.5 55.2 55.3 53.2
High 4.6 8.1 15.6 26.5 14.9

BMI at age 17 years (kg/m2) 21.37 6 3.31 21.32 6 3.14 21.41 6 2.96 21.40 6 2.86 21.38 6 3.03

Height at age 17 years (cm) 171.8 6 6.6 172.4 6 6.6 173.9 6 6.8 175.5 6 6.6 173.6 6 6.8

BMI (kg/m2) 25.64 6 4.37 25.70 6 4.12 25.59 6 3.86 24.87 6 3.71 25.46 6 3.97
BMI ,25 kg/m2 48.2 47.0 48.3 56.9 49.9
25 # BMI ,30 kg/m2 36.6 38.5 39.1 34.3 37.6
BMI $30 kg/m2 15.2 14.3 12.4 8.6 12.4

BPSystolic/BPDiastolic (mmHg) 117.3 6 12.7/
74.4 6 9.5

117.5 6 12.0/
74.9 6 9.8

117.8 6 12.6/
75.1 6 9.6

117.7 6 12.0/
74.0 6 9.5

117.7 6 12.0/
74.7 6 9.7

FPG (mg/dL) 89.6 6 9.2 90.0 6 9.2 89.8 6 8.9 88.6 6 8.7 89.7 6 9.0

IFG 12.5 13.5 12.7 9.8 12.2

HDL (mg/dL) 45.2 6 10.5 45.5 6 10.6 46.2 6 10.8 48.0 6 10.9 46.3 6 10.8

LDL (mg/dL) 116.6 6 33.0 118.3 6 33.8 118.4 6 33.4 114.1 6 32.3 117.1 6 33.3

Triglycerides (mg/dL), median
(25th; 75th) 125.7 (73; 155) 128.0 (74; 154) 125.1 (73; 151) 110.6 (66; 133)

Physical inactivity 62.2 67.3 65.3 61.6 64.7

Family history of diabetes 15.4 15.6 13.7 11.0 13.8

Smoking status
Never 46.0 50.0 59.2 74.8 58.8
Ex-smoker 12.6 13.8 15.1 10.4 13.4
Current smoker 41.3 36.3 25.8 14.8 27.9

Frequent breakfast consumption 15.7 15.3 18.5 27.6 19.4

Categorical variables arepresentedby%. For continuous variables, themean6SD is givenunless otherwise indicated.BP,bloodpressure; IFG, impaired fasting
glucose.
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GIS and Incident Diabetes
The incidence of diabetes was lower in
those with higher GIS (highest GIS group
1.99/103 person-years and lowest GIS
group 4.61/103 person-years). Table 2
presents the incidence of diabetes
across GIS categories using variousmod-
els. After adjusting for age, the risk for
type 2 diabetes was 2.6-fold higher in
the lowest GIS group compared with
the highest GIS group (HR 2.57 [95% CI
1.91–3.45]; P , 0.001). Further adjust-
ment for age, BMI, FPG, and sociogenetic
risk factors (model 3) or lifestyle risk
factors (model 4) attenuated the risk
but did not eliminate it (Table 2).
Figure 2A depicts the incidence of

diabetes over time after adjusting
for model 5 variables (age, BMI, FPG,
sociogenetic and lifestyle risk factors,
and WBC count) across the different
GIS categories. As can be seen, the in-
cidence of diabetes increased over time
in all GIS subgroups; however, more so
in the lower GIS groups. After 6 years, a
difference of 1% between the highest
and lowest GIS categories was noted in
diabetes incidence rates, rising to 3.8

and 5.2% after 10 and 12 years of follow-
up, respectively.

Figure 2B shows the relationship be-
tween incident diabetes and GIS when
treated as a continuous variable and after
adjustment for the models described
above. In the fully adjusted model (model
5), each decrease of 1 point on the GIS
index was associated with a 1.1-fold
greater risk for incident diabetes (HR
1.10 [95% CI 1.04–1.17]; P, 0.001). Sim-
ilar results were obtained when the anal-
ysiswas repeated for individuals according
to SES subgroups, education attainment,
and country of origin (Supplementary Fig.
2) and alsowhen thedefinitionof diabetes
was limited to those with an FPG $126
mg/dL at scheduled follow-up (SPEC) visits
(n = 359 cases of diabetes; HR 1.08 [95%
CI 1.01–1.16]; P = 0.037 for incident dia-
betes per 1 GIS unit decrease). To mini-
mize the possibility that duration of
follow-up may have confounded the rela-
tionship between GIS and incident diabe-
tes, the analysis was repeated for those
with follow-up of .5 and 10 years. The
results obtained were similar to the over-
all results (Supplementary Figs. 2 and 3).

GIS and Age of Diabetes Diagnosis
Figure 2C depicts age of diabetes diag-
nosis across the four GIS groups. Sub-
jects in the lowest GIS category were
diagnosed at a mean age of 39.5 6 4.7
years and those in the highest GIS group
at a mean age of 41.56 5.1 years (P for
comparison 0.042). These results per-
sisted when the analysis was limited to
$5 years of follow-up (data not shown).

CONCLUSIONS

This analysis of 35,500 young healthy
men followed for 220,265 person-years
demonstrates an inverse relationship
between cognitive function in late ado-
lescence and incident diabetes in young
adulthood. Men with lower cognitive
scores at age 17 years had a higher risk
for developing diabetes, with an approx-
imately twofold increase in incidence
and a ;2-year earlier age of diagnosis
when compared with those in the high-
est GIS group. When GIS was studied
as a continuous variable, every unit de-
crease in GIS was associated with an
;10% increase in the incidence of dia-
betes. The fact that this relationship

Table 2—HR for developing diabetes across four GIS categories for various models

GIS category

Total1–3 4–5 6–7 8–9

n 3,321 10,511 13,547 8,121 35,500

New cases of diabetes 100 288 302 80 770

Mean follow-up (years) 6.53 6 4.33 6.98 6 4.29 6.27 6 4.20 4.94 6 4.03 6.20 6 4.27

Person-years of follow-up 21,690 73,427 85,026 40,122 220,265

Rate (1/1,000 person-years) 4.61 3.92 3.55 1.99 3.49

Mean age of diabetes onset (years) 39.49 6 4.74 39.81 6 5.04 40.46 6 5.09 41.53 6 5.06 40.20 6 5.05

Model 1: age
HR 2.573 1.778 1.577 1
95% CI 1.915–3.457 1.388–2.278 1.232–2.017
P ,0.001 ,0.001 ,0.001

Model 2: age, BMI, FPG
HR 2.171 1.684 1.539 1
95% CI 1.606–2.934 1.308–2.167 1.198–1.978
P ,0.001 ,0.001 ,0.001

Model 3: age, BMI, FPG, family history, birth country, country of origin, SES, education
HR 1.918 1.549 1.522 1
95% CI 1.376–2.676 1.178–2.037 1.172–1.976
P ,0.001 0.002 0.002

Model 4: age, BMI, FPG, physical activity, smoke status, triglyceride level, breakfast consumption
HR 2.340 1.810 1.614 1
95% CI 1.652–3.314 1.350–2.426 1.350–2.426
P ,0.001 ,0.001 0.001

Model 5: age, BMI, FPG, family history, birth country, country of origin, SES, education, physical activity, smoking status, triglyceride
level, breakfast consumption, WBC count

HR 2.139 1.694 1.608 1
95% CI 1.461–3.131 1.235–2.323 1.189–2.175
P ,0.001 0.001 0.002
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persisted after adjusting for multiple
confounders and independent risk fac-
tors for diabetes in this cohort, including
age, family history of diabetes, educa-
tion, SES, country of origin and birth,
BMI, smoking, and physical activity,
supports the hypothesis of an indepen-
dent relationship between premorbid

cognitive function and incident diabetes
at young adulthood.

The inverse relationship between cog-
nitive function in young adulthood and
subsequent development of diabetes
has several possible explanations. First,
as cognitive function is associated with
education and SES, it is possible that
the relationship observed is a reflection
of the already recognized relationship
between these two variables and the
subsequent risk for diabetes. The fact
that the relationship persisted in sub-
group analysis (Supplementary Fig. 2),
and after adjusting for these factors
(Fig. 2), and that the cohort, career army
personnel, was exposed during follow-
up to similar health care services and
ambient conditions makes this less likely
the sole explanation but does not elimi-
nate it. Alternatively, differences in GIS
might be associated with different life-
style patterns in adulthood, childhood,
and in utero, which our analyses did not
account for. Thus, it could be that physical
activity and diet in childhood or even in
utero could have affected intelligence
scores and the subsequent risk for diabe-
tes independently. Analyses were con-
ducted after adjusting for measurable
lifestyle risk factors and factors known
to be strongly associated with physical
activity, such as plasma triglyceride levels
(6,8). The fact that the relationship per-
sisted after these adjustments could im-
ply the existence of lifestyle factors that
were not measured, or alternatively
could suggest an independent relation-
ship between cognitive function and in-
cident diabetes. Finally, it is possible
that the relationship observed suggests
an origin(s) or pathway(s) common to
decreased cognitive function and in-
creased incidence of diabetes (22).
These might include, among others, mi-
tochondrial (dys)function (23,24), the
sortilin pathway (25), activation of the
HPA axis, inflammation, dysglycemia
per se, or brain and systemic insulin sig-
naling (26–29). There are many insulin
receptors in the brain and some have a
role in glucose transport, whereas
others are considered to have a function
in cognitive processes (30–32). Therefore,
variability in cognitive abilities may mir-
ror variability in brain insulin sensitivity;
supporting this hypothesis are studies on
the cognitive improving capacity of a
form of insulin that enters the brain se-
lectively (33,34).

This study had several limitations.
First, the analysis was conducted only
in men, thereby limiting extrapolation
of the results to women. Second, it is
not possible to entirely exclude the pos-
sibility that duration of follow-up may
have confounded the relationship be-
tween cognitive function and incident
diabetes. However, the similar results
obtained for subgroup analyses at 5
and 10 years of follow-up, as well as
the earlier age of diabetes onset among
those with the lower GIS, minimizes this
possibility. Third, a limited number of
variables that might be associated with
diabetes and cognitive function (con-
founders) were collected at baseline
(SES, education, country of birth and or-
igin, and BMI), and for some of these
measures (SES), only crude measures
were available. As such, it might be
that some confounders were not mea-
sured, or were not measured precisely,
and thus were not appropriately ad-
justed for. However, the fact that similar
results were obtained in subgroups with
different SES and education attainment,
the minimal change in point estimates
when the measured confounders were
added to the model, as well as the fact
that all participants in the MELANY, in-
dependent of rank and position, had
equal access to free medical services
minimize the possible effect of this lim-
itation. Fourth, Israel is a “young” coun-
try with a relatively high rate of
immigration. This analysis pertains to
people from a wide range of different
backgrounds and origins. The strong re-
lationship observed despite this limita-
tion and after adjustment for country of
origin and birth strengthens the robust-
ness of the results. Fifth, the mean age of
incident diabetes in our cohort was
around 40 years; thus it is not clear if
our results are valid for other cohorts
with an older age of diabetes onset. How-
ever, in several recent studies from U.S.
and European cohorts, similar incident
rates and a similar age of onset were
reported (35–38), thereby likely making
our results applicable to a wide popula-
tion of young adults. Finally, the use of a
general intelligence test cannot be used
to assess the relationship between spe-
cific cognitive domains and diabetes.

To conclude, this analysis of 35,500
young healthy men followed for 220,265
person-years demonstrates a clear in-
verse relationship between cognitive

Figure 2—Incidence of diabetes over time
depends on GIS. A: Incidence of diabetes
over time across different GIS categories.
Incidence (person-years) was adjusted for
age, BMI, FPG, family history of diabetes,
countries of birth and origin, SES, education,
physical activity, smoking status, triglycer-
ide level, breakfast consumption, and WBC
count (model 5 in Table 2). B: HR for the
development of diabetes per 1-point de-
crease in GIS in different models. Model 1,
age; model 2, age, BMI, and FPG; model 3,
model 2 variables and sociogenetic risk fac-
tors (family history of diabetes, birth coun-
try, country of origin, SES, and education);
model 4, model 2 variables and lifestyle risk
factors (physical activity, smoking status, tri-
glyceride level, and breakfast consumption);
model 5, model 2 variables, sociogenetic
and lifestyle risk factors, and WBC count. FG,
fasting glucose; F.U., follow-up;M,model; RFs,
risk factors. C: The age of diabetes onset across
the different GIS categories. Mean age (years)
of onset of diabetes (695% CI) is shown for
each category.
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function in late adolescence and risk for
diabetes during young adulthood. On a
clinical level, along with a family history
of diabetes, FPG and triglyceride levels,
WBC count, and BMI, these results might
help identify those at increased risk for
diabetes. Moreover, our study lays the
logical groundwork for basic research
aimed at unraveling mechanisms that
connect cognitive function with meta-
bolic dysregulation.
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