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Abstract

Purpose: To investigate the association between stuttering in adolescence and incident
type 2 diabetes in young adulthood.

Methods: This nationwide population-based study included 2 193 855 adolescents of age
16 to 20 years who were assessed for military service between 1980 and 2013. Diagnoses
of stuttering in adolescence were confirmed by a speech-language pathologist. Diabetes
status for each individual as of December 31, 2016, was determined by linkage to the
Israeli National Diabetes Registry. Relationships were analyzed using regression models
adjusted for socioeconomic variables, cognitive performance, coexisting morbidities,
and adolescent body mass index.
Results: Analysis was stratified by sex (P, __ . =0.035). Of the 4443 (0.4%) adolescent men
with stuttering, 162 (3.7%) developed type 2 diabetes, compared with 25 678 (2.1%) men
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without stuttering (adjusted odds ratio [OR] 1.3; 95% ClI, 1.1-1.6). This relationship persisted
when unaffected brothers of men with stuttering were used as the reference group (adjusted
OR = 1.5; 95% ClI, 1.01-2.2), or when the analysis included only adolescents with unimpaired
health at baseline (adjusted OR = 1.4; 95% Cl, 1.1-1.7). The association was stronger in later
birth cohorts, with an adjusted OR of 2.4 (1.4-4.1) for cases of type 2 diabetes before age
40. Of the 503 (0.1%) adolescent women with stuttering 7 (1.4%) developed type 2 diabetes,
compared with 10 139 (1.1%) women without stuttering (OR = 2.03; 95% Cl, 0.48-2.20).

Conclusions: Adolescent stuttering is associated with an increased risk for early-onset

type 2 diabetes among men.

Key Words: adolescent; stuttering; diabetes mellitus, type 2

The burden of early-onset type 2 diabetes is increasing
among young adults (1). The clinical course in this popu-
lation is more aggressive and associated with a higher risk
for cardiovascular complications and mortality (2, 3).
Identifying risk markers for early-onset type 2 diabetes is
important to define populations at risk accurately (4).

Stuttering is a speech disorder that affects normal flu-
ency, and that is characterized by repetitions of sounds,
syllables, or short words (5). Its prevalence at adolescence
ranges from 0.3% to 1.2% with male predominance in
most countries (6, 7). There is little data regarding the risk
for incident diabetes among adolescents with stuttering,
possibly due to avoidant behavior of these individuals (8)
and limited information regarding comorbidities. Notably,
both type 2 diabetes and stuttering were linked to alter-
ations in the hypothalamic-pituitary-adrenal axis (9, 10)
and dopamine metabolism dysregulation (5, 11).

There is a unique possibility to elucidate this association
in Israel. Male and female adolescents undergo a compre-
hensive medical and cognitive evaluation prior to manda-
tory military service, and a national diabetes registry exists.
Using a linkage between these 2 registries, we investigated
the association between stuttering at adolescence and inci-
dent type 2 diabetes in young adulthood in a nationwide
cohort of 2.2 million adolescents.

Methods
Study Design and Participants

In this population-based cohort study, we included all
Israeli adolescents of age 16 to 20 years who were med-
ically evaluated for eligibility for military service between
January 1, 1980, and December 31, 2013. We excluded
participants with missing anthropometric data, extreme
body mass index (BMI) values (below 12 or above 48 kg/
m?), history of dysglycemia, or death before 2012 (the es-
tablishment of the diabetes registry) (Fig. 1). Overall, there
were 1 224 494 men and 889 311 women in the final study

target population. Analyses focused on the relationship be-
tween stuttering and the hazard of diabetes were restricted
to the subset of people who entered the study from 1996
onwards, as this period had nearly complete (>95%) data
regarding the date of diabetes onset (12). The Institutional
Review Board of the Israel Defense Forces Medical Corps
approved this study and waived the requirement for in-
formed consent on the basis of preserving participants’

anonymity.

Definition of Adolescent Stuttering

Each person’s military medical assessment is performed by
a physician and includes a detailed interview, a review of
previous medical history, and a physical examination. This
review includes all available medical records and a com-
prehensive health history provided by each recruit’s family
physician. A concerning history or examination finding is
generally followed by additional tests or consultation by
a board-certified specialist to establish the diagnosis and
determine medical fitness. The diagnosis of stuttering was
assigned by a specific diagnostic code (ICD-10 F80.81) and
confirmed by a speech-language pathologist.

The Israeli National Diabetes Registry

The primary study outcome was incident type 2 diabetes
according to the Israeli National Diabetes Registry (INDR)
by December 31, 2016. The INDR is a national registry
of the Israeli Ministry of Health that collects demographic
and treatment-related data. Since 2012, all health main-
tenance organizations in Israel have been required by law
to report prevalent cases of diabetes every year, including
the date of diagnosis for people diagnosed after January
1, 2000. Data collected at the time of military medical as-
sessment have been linked to the INDR database using the
unique civilian identification number (12). The sensitivity
of the registry is 95% (13).
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Individuals aged 16-20 years

Medical assessment

= Anthropometric measurement

Pre-recruitment evaluation between 1980-2013 (n = 2,193,855)

= Review of health summary by the adolescent’s family physician
= Detailed medical interview and physical examination by a physician

Collection of sociodemographic data

Excluded (n = 80,050):
= Missing anthropometric data (n = 65,079)

= History of diabetes or dysglycemia (n =2,741)
= Deaths before 2012 (n=12,212)

Included in the logistic regression analysis

Included in the logistic regression analysis

Men (n = 1,224,494):

Stuttering (n = 4,443)
Development of type 2 diabetes (n = 25,840)

A

A 4

Women (n = 889,311):
Stuttering (n = 503)
Development of type 2 diabetes (n = 10,146)

—>

I

I

: Excluded (n = 504,828):

= |nitial examination before 1996 (n = 504,823)

4

Included in the Time-to-event analysis

Pre-recruitment evaluation between 1996-2013
Men (n = 719,666):

Stuttering (n = 2,289)

Development of type 2 diabetes (n = 2,087)

Figure 1. Study design and cohort buildup.

Diabetes was defined in cases with 3 purchases or
more of glucose-lowering medications in addition to ei-
ther glycated hemoglobin (HbAlc) 26.5% (48 mmol/
mol) or serum glucose concentrations of >200 mg/dL
(11.1 mmol/L) in 2 tests performed at an interval of at
least 1 month apart. Persons who did not meet these
criteria were assumed not to have diabetes. The registry
captures nearly all diabetes diagnoses among permanent
residents in Israel based on these criteria. Although the
INDR does not receive formal data regarding the types
of diabetes, it includes data regarding prescribed dia-
betes medications. Using this information, we defined
cases of type 1 diabetes as active treatment with short-
acting insulin with one of the following: (i) insulin
treatment was initiated within 1 year of diabetes onset,

r
| = Missing follow-up time data (n = 5)
|
I

or (ii) insulin treatment was prescribed, but not oral
antidiabetic drugs. If the information on antidiabetes
medications was missing, the diagnosis was referred to
as diabetes of uncertain type. The remaining were clas-
sified as having type 2 diabetes. Gestational diabetes is
not reported to the INDR. The INDR also includes the
weight and height measurements obtained during rou-
tine clinic visits at the year diabetes diagnosis was made.
Residential socioeconomic status (SES) at the year of
diagnosis was reported as well using the same scale as
at study entry. Post-baseline SES and BMI data were not
obtained for people who were not diagnosed with dia-
betes. BMI that was measured at the year of diabetes
diagnosis was grouped into nonobese (<30 kg/m?) and
obese (>30 kg/m?).
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Study Variables

The adolescent BMI at study entry was calculated based on
measured weight and height (weight in kg divided by squared
height in ¢cm). BMI categories were defined by age- and sex-
matched percentiles according to the United States Centers
for Disease Control and Prevention (14) and were classified
into lean (<85 percentile) and high BMI categories (over-
weight and obese; >85 percentile). Residential SES based
on location of residence at study entry and for participants
who developed diabetes also at the date of diabetes diagnosis
were obtained from records of the Israeli Ministry of Interior,
which stratifies all municipalities on a 1 to 10 scale devised
by the Israeli Central Bureau of Statistics according to certain
economic measures (Supplementary Appendix S1) (15, 16).
SES at study entry was dichotomized into low (SES 1-4) and
high (SES 5-10).

Data on the number of formal years of schooling was
received from the Israeli Ministry of Education and was
classified into complete (12 years) or partial education.
The country of birth was dichotomized into those born in
and out of Israel based on data from the Israeli Ministry
of Interior. Cognitive performance level was assessed by
general intelligence score, a measurement strongly associ-
ated with intelligence quotient (IQ) (17) and was dichot-
omized by the cutoff that represents an IQ score of 100
(Supplementary Appendix S2) (16). Unimpaired health was
defined as the absence of chronic morbidities, any chron-
ically prescribed medications, history of cancer, major
surgery, or any chronic disease that required a medical
follow-up (18). Psychiatric disorders included person-
ality disorders, affective disorders, psychoses, neuroses,
somatoform disorders, eating disorders, pervasive devel-
opmental disorders, combat stress reaction, posttraumatic
stress disorders, drug or alcohol addiction, and psycho-
active substance use. The documentation of these diagnoses
was made based on a preexisting diagnosis or following a
proactive psychological screening that was delivered to all
examinees by social workers or psychologists, as previously
described (19). A board-certified psychiatrist approved all
psychiatric comorbidities.

Statistical Analysis

Separate analyses were conducted for men and women
because of the very different prevalence of stuttering by
sex. All tests used were 2-tailed, and P < 0.05 was con-
sidered statistically significant. Logistic regression models
were used to determine the odds ratios (OR) for type 2
diabetes in adolescents with and without stuttering. The
adjusted model included the following variables that were
assessed at study entry: age, year, BMI, country of birth,

SES, cognitive performance, education, presence of chronic
morbidities, and presence of psychiatric comorbidities.

Given the small number of events among women, several
additional analyses were conducted selectively in men: (i)
we limited the analysis to those without chronic morbidities
or any psychiatric morbidities to reduce confounding by
coexisting illnesses; (ii) we stratified the analysis by adoles-
cent overweight and obesity status, demographic (country
of birth, SES, education), and cognitive performance to ex-
plore possible interactions; (iii) we considered several pos-
sibilities of misclassification of type 2 diabetes—cases of
unspecified type of diabetes were added to the outcome and
to minimize misclassification of cases of type 1 as type 2,
the definition of type 2 was limited to patients that were
not treated with insulin and a stricter definition of type 2
diabetes that has over 98% positive predictive value was
used (13), in which cases of type 2 diabetes were only con-
sidered if they were reported in at least 2 different years
to the INDR; (iv) to reduce unmeasured confounding, we
conducted a subanalysis in which unaffected brothers of
men with stuttering were the reference group; and (v) to as-
sess the role of a change in SES in adulthood, we compared
changes in SES between men with and without stuttering
who developed diabetes. We also conducted a subgroup
analysis in which the outcome was defined as type 2 dia-
betes only if those men had no or only a minimal change
(1 unit in SES scale). In these subanalyses SES was mod-
eled as a continuous variable.

Time-to-event analysis of early-onset type 2 diabetes
Cox proportional hazards models were used to determine
the hazard ratio (HR) for type 2 diabetes in adolescents
with and without stuttering for the subset of people who
entered the study from 1996 onwards (who were there-
fore all diagnosed before age 40 years). The date of dia-
betes diagnosis was available for 1479 (70.7%) and could
be imputed for an additional 608 (29.1%) of the cases
as described in previous studies (12, 13) and detailed in
Supplementary Appendix S3 (16). We assured that the
imputation of date of diabetes diagnosis did not bias the
association (Supplementary Table S1 and Fig. S3) (16).
Follow-up started at the time of medical assessment and
ended at diabetes onset, death, or December 31, 2016
(whichever came first). Life tables were plotted, and the
proportional hazards assumption was visually confirmed.
The same prespecified adjusted model was applied, and
the abovementioned sensitivity analyses were conducted
as appropriate. We additionally conducted a Cox adjusted
model with the outcome set as type 2 diabetes before age
35 years.

Data analysis was performed using R version 3.6.0 (R
Core Team, Vienna, Austria).
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Results

The study target population included 4443 (0.4%)
men and 503 (0.06%) women with stuttering. The an-
nual prevalence of adolescents who stutter was stable
throughout the study period (Supplementary Fig. S1)
(16). Among men, age at study entry, distribution of SES,
height, weight, and BMI were comparable between men
with and without stuttering (Table 1). The fraction of
men who scored an average IQ level or above was lower
among those with stuttering than those without (71%
vs 80%; P < 0.0001). There were lower fractions among
men with stuttering than those without in attaining
maximal education (73% vs 79%; P < 0.0001), being
born in Israel (76% vs 84%; P < 0.0001), having un-
impaired health at baseline (71% vs 83%; P < 0.0001),
and having no history of psychiatric disorders (89% vs
96%; P < 0.0001). These differences were overall con-

sistent in women.

Stuttering and Incident Type 2 Diabetes
Among Men

There was a significant interaction between stuttering,
sex, and type 2 diabetes (P = 0.035). Among men with
and without stuttering, there were 162 (3.6%) and 25 678
(2.1%) incident cases of type 2 diabetes, respectively
(Fig. 2A), and comparable incident cases of type 1 diabetes
(0.1% in both groups, P = 0.9). Stuttering was associated
with type 2 diabetes with ORs of 1.76 (95% CI, 1.50-2.06)
in the unadjusted model, and 1.32 (95% CI, 1.12-1.56) in
the adjusted model. This association persisted when the
analysis was limited to men without chronic or psychiatric
morbidities (Fig. 2B).

There was no interaction between stuttering and any
of the model covariates, and the association remained sig-
nificant after most stratifications (Supplementary Fig. S2)
(16). Importantly, results persisted in men with stuttering
who were lean (OR = 1.23; 95%CI, 1.01-1.50) and in
those with high BMI (OR = 1.48; 95% CI, 1.08-2.00); low
(OR = 1.29; 95% CI, 1.03-1.63) and high cognitive per-
formance (OR = 1.37; 95% CI, 1.07-1.74); low and high
SES; and partial and complete school education. Results
also persisted when several possibilities of type 2 diabetes
misclassification were accounted for (Supplemental Fig.
S4) (16) and when unaffected brothers of men with stut-
tering were used as the reference group (OR = 1.49; 95%
CI, 1.01-2.21; for a detailed description of these nested co-
hort characteristics and analysis, see Supplementary Fig.
S6, Table S3, and Fig. S7) (16). When the study population
was stratified by birth decades, there was a gradual increase
in the adjusted ORs toward more recent calendar decades;

1.21 (0.97-1.50) for men who were born in the 1960s; 1.53
(1.18-2.24) for men who were born in the 1970s; and 2.37
(1.15-5.19) for men who were born from 1980 onwards
(maximal attained age at the end of study period 36 years).

Among men who developed type 2 diabetes, the changes
in SES were comparable among those with and without
stuttering (P = 0.26; Supplementary Fig. S8) (16). When the
outcome was defined as type 2 diabetes only if those men
had equal or minimal change in SES, the adjusted OR was
1.27 (1.05-1.54) (Supplementary Fig. S9) (16). Similarly,
post-baseline BMI data revealed comparable levels of
adulthood obesity at the year of diabetes diagnosis among
those with and without stuttering (53% vs 47%, respect-
ively; P = 0.32).

Time-to-Event Analysis of Early-Onset Type 2
Diabetes Among Men

There were 719 666 men, of whom 2289 were men with
stuttering, who entered the study from 1996 and were
included in the Cox analysis (Fig. 1 and Supplementary
Table S2) (16). During 9 145 933 person-years and a mean
follow-up of 12.7 years (SD = 5.3), there were 20 (0.87%)
and 2067 (0.29%) incident cases of type 2 diabetes among
men with and without stuttering, respectively (Fig. 3A).
These corresponded to an incidence of 6.82 vs 2.27 cases
per 10 000 person-years, respectively. In a Kaplan-Meier
analysis (Fig. 3B), the separation between the study groups
was apparent after 15 years of follow-up (corresponding to
an age range of 31 to 35 years). The HR for incident type 2
diabetes among men with stuttering was 2.91 (1.87-4.51)
in the unadjusted model and 2.32 (1.49-3.61) in the ad-
justed model (Fig. 3C). There was no interaction between
stuttering and any of the study variables. The hazard ratio,
in general, remained similar in all strata, when accounting
misclassification of type 2 diabetes, and when imputation
was disregarded (Supplementary Fig. S3 and Supplementary
Fig. SS5) (16). Setting the outcome as incident type 2 dia-
betes by 35 years yielded a HR of 2.34 (1.41-3.90). When
the outcome was defined as type 2 diabetes only if those
men had equal or a minimal change in SES, the adjusted
HR was 2.19 (1.32-3.64) (Supplementary Fig. S10) (16).

Stuttering and Incident Type 2 Diabetes
Among Women

Among women with and without stuttering, there were 7
(1.4%) and 10 139 (1.1%) incident cases during the entire
study period, respectively. These resulted in an insignificant
association between stuttering and type 2 diabetes in the
unadjusted (OR = 1.22; 95% CI, 0.58-2.58) and adjusted
models (OR = 1.03; 95% CI, 0.48-2.20).
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Table 1. Baseline Characteristics (n =2 113 805)

Men Women
Characteristic No stuttering  Stuttering (n = 4443) P value No stuttering (n = 888 808) Stuttering (n =503) P value
(n=1220051)
Age at examination 17.4 (0.5) 17.5(0.5) 3.02 x 1077 17.3 (0.4) 17.5(0.5) 1.73 x 1072
(years)
Born in Israel 1025 382 3364 (75.7%) 1.15 x 107! 757 739 (85.3%) 373 (74.2%) 227 x 1072
(84.0%)
Socioeconomic 212 x 107 2.16 x 107!
status
Low 356 786 1349 (30.4%) 189 436 (21.3%) 103 (20.5%)
(29.2%)
High 854 127 3065 (69.0%) 691 370 (77.8%) 399 (79.3%)
(70.0%)
Unknown 9138 (0.7%) 29 (0.7%) 8002 (0.9%) 1(0.2%)
Complete high 967 129 3231 (73.0%) 1.47 x 1072° 798 704 (89.9%) 433 (86.1%)  2.06 x 107
school education (79.4%)
Cognitive perfor- 1.19 x 107* 6.85 x 107
mance
Below average 234 852 1215 (27.3%) 263 557 (29.3%) 208 (41.4%)
(19.2%)
Average and 976 018 3171 (71.4%) 617 287 (69.5%) 291 (57.9%)
above (80.0%)
Unknown 9181 (0.8%) 57 (1.3%) 7964 (0.9%) 4(0.8%)
Height (cm) 174 (6.8) 174 (7.0) 8.24 x 107 162 (6.2) 162 (6.9) 6.36 x 107"
Weight (kg) 66 (12.2) 66 (12.6) 3.65x 107 57(10.2) 57 (10.6) 9.82 x 107"
Adolescent BMI 21.8 (3.6) 21.7 (3.8) 4.65x 107 21.8 (3.5) 21.8 (3.7) 8.82 x 107"
(kg/m?)
BMI percentile 46.9 (29.6) 44.6 (30.9) 3.46 x 107 50.2 (27.4) 49.6 (27.7) 6.58 x 107
BMI category 426 x 107 1.47 x 107!
Lean 1045033 3787 (85.2%) 770 319 (86.7%) 447 (88.9%)
(85.7%)
High 175018 656 (14.8%) 118 489 (13.3%) 56 (11.1%)
(14.3%)
Period of birth 1.74 x 107 1.19 x 107
1960-1969 195 159 904 (20.3%) 132 386 (14.9%) 87 (17.3%)
(16.0%)
1970-1979 364 029 1458 (32.8%) 262 149 (29.5%) 158 (31.4%)
(29.8%)
From 1980 660 863 2081 (46.8%) 494 273 (55.6%) 258 (51.3%)
onwards (54.2%)
Period of study 1.55 x 107! 4.84 x 107
entry
1980-1989 275105 1301 (29.3%) 190 422 (21.4%) 127 (25.2%)
(22.5%)
1990-1999 388310 1410 (31.7%) 284 993 (32.1%) 166 (33.0%)
(31.8%)
2000-2009 392 345 1142 (25.7%) 297 986 (33.5%) 142 (28.2%)
(32.2%)
2010-2013 164 291 590 (13.3%) 115 407 (13.0%) 68 (13.5%)
(13.5%)
No chronic 1013 794 3152 (70.9%) 5.44 x 107103 726 624 (81.8%) 339 (67.4%) 7.88 x 107"
morbidities (83.1%)
No psychiatric 1168 806 3946 (88.8%) 4,98 x 1071 873 168 (98.2%) 478 (95.0%)  4.45x 107
disorders (95.8%)

Abbreviation: BMI, body mass index.
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Men Women
B
Model Cases / Cases / Odds Ratio for Type 2
Exposed Unexposed Diabetes in Men (95% CI)
All men
Unadjusted 162/ 4,443 25,678/ 1,220,051 —— 1.76 (1.50-2.06)
Adjusted 162/ 4,443 25,678/ 1,220,051 — 1.32 (1.12-1.56)
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No chronic morbidities 120 /3,152 21,566/ 1,013,794 —— 1.37 (1.13-1.66)
No psychiatric disorders 138/ 3,946 24,072/1,168,806 I —a— . . 1.37 (1.14-1.64)
1 2 4

Figure 2. A, Incidence of type 2 diabetes among men and women with and without stuttering. B, Odds ratios of stuttering in adolescence and incident
type 2 diabetes in men.The full model was adjusted for age; year; BMI; level of education; residential socioeconomic status; cognitive performance;
presence of chronic morbidities; presence of psychiatric comorbidities — all at study entry, and to country of birth. The subgroups models were ad-
justed for all of the above besides the presence of chronic morbidities or psychiatric comorbidities, respectively.

Discussion

In this nationwide study, we identified an association between
men with stuttering and incident type 2 diabetes with an OR
of 1.3. The ORs increased gradually to approximately 2.4 as
the outcome was limited to the onset of type 2 diabetes at
younger ages. The strength of association persisted following
adjustment and stratification to obesity status, cognitive
level, coexisting morbidities, sociodemographic confounders
including Israel as the country of birth, and when unaffected
brothers of men with stuttering were used as the reference
group. Cox proportional analysis yielded very similar point
estimates to logistic regressions.

This association was not evident in women. However,
considering the low prevalence of stuttering and the low in-
cidence of type 2 diabetes in women, our study was under-
powered to examine this hypothesis. Therefore, we cannot
conclude whether or not an association exists in women,
and this should be investigated in future studies.

The population prevalence of stuttering peaks in
early childhood to about 2% to 5% (7, 20) and de-
creases to about 0.3% in late adolescence (6) with a 4:1

male-to-female ratio in adults who stutter (21). The stable
prevalence of stuttering in our study (0.4% in men and
0.1% in women) concurs with these estimates. Notably,
the prevalence of stuttering is similar across countries, cul-
tures, and languages (22-24), from Australia with 0.3%
(25) through Europe with 0.3% (6) to the United States
with 0.5% to 1.2% (7, 26). Moreover, it was reported that
people who stutter in Hebrew, American English, Dutch,
and other languages self-perceive stuttering similarly (27).
This supports the potential of the current study to be gen-
eralized to other populations.

We are unaware of previous studies investigating the as-
sociation between stuttering or other speech disorders in
adolescence and future risk for type 2 diabetes. Although
stuttering is a prevalent medical condition, there is a pau-
city of data regarding the metabolic risk of adolescents and
adults who stutter. This could be attributed to the common
perception of adolescent stuttering as a nonmedical condi-
tion (28), a tendency of people who stutter to avoid medical
encounters (8), and to the fact that treatment is delivered
by speech-language pathologists (29, 30). Our results,
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Figure 3. A, A time-to-event summary table of the cohort of men available between 1996-2013. B, Time-to-type-2-diabetes among men with and
without stuttering. C, Hazard ratios of stuttering in adolescence and incident type 2 diabetes in men.The full model was adjusted for age; year; BMI;
level of education; residential socioeconomic status; cognitive performance; presence of chronic morbidities; presence of psychiatric comorbidities
- all at study entry, and to country of birth. The subgroups models were adjusted for all of the above besides the presence of chronic morbidities or

psychiatric comorbidities, respectively.

therefore, suggest that while speech-language pathologists
conduct stuttering treatment, it could be enhanced, sup-
ported, and perhaps individually tailored by a multidiscip-
linary collaboration with relevant medical professionals.
Various mechanisms can be speculated as potential con-
tributors to the association between stuttering and type
2 diabetes. People with stuttering often experience social
anxiety, especially in late adolescence and young adulthood
(31), and were shown to have higher cortisol concentration
in the saliva in reaction to stress (9). Chronic stress and
increased secretion of cortisol could increase the risk for
type 2 diabetes independently from obesity (32, 33). Such a
pathway concurs with our observations that the association
between stuttering and type 2 diabetes occurred in those
with lean or excessively high BMI and that the propor-
tions of obesity among those who developed diabetes were
comparable among study groups. Second, dysregulation of
brain dopamine metabolism has been tightly linked to stut-
tering (34), as well as the risk of developing type 2 diabetes
(35). Specifically, striatal dopamine plays a role both in
stuttering (36) and in the regulation of glucose metabolism
(37). Third, in people who stutter, reduced cerebral blood
flow and metabolism of glucose in several brain regions (eg,
Broca’s region, left caudate), accompanied by an increased

blood flow in other regions (38, 39), might impair glucose
sensing neuronal networks in the hypothalamus that were
linked to the development of type 2 diabetes mellitus (40).
Fourth, structural abnormalities in the left Rolandic oper-
culum appear in stuttering (41) and type 2 diabetes (42).
These abnormalities may lead to overactivation of the right
cerebral hemisphere (43, 44) and concur with a right cere-
bral hemisphere dominance and left-handedness observed
in higher rates among people with stuttering and type 2
diabetes (45, 46). Fifth, the association between stuttering
and type 2 diabetes may be mediated by sociodemographic
factors. Nevertheless, residential SES at study entry and the
change in residential SES were similar between the study
groups; the strength of the association between stuttering
and type 2 diabetes was similar in both SES strata and this
association persisted when the SES changes were minimal.
Regardless of the exact underlying mechanism, our find-
ings suggest that stuttering is a risk factor or a risk marker
for early-onset type 2 diabetes.

This study has several limitations. First, we lacked longi-
tudinal clinical and lifestyle data for the entire cohort, such
as stress, smoking, and physical activity which limited our
ability to account for their contribution to diabetes hazard
throughout young adulthood. Second, clinical data regarding
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familial history of diabetes and the treatment history of
people with stuttering were unavailable to us. Third, as the
study was not part of an intentional screening for stuttering,
misclassification of the exposure is possible. However, con-
sidering evidence from the literature that misclassification of
stuttering is unlikely regardless of the method of diagnosis
(21, 47), the alignment of our estimates with estimates from
other countries, and the consistent prevalence of stuttering
throughout the years, we believe that the contribution of
such misclassification is small. Finally, we lacked adequate
measures to determine the severity of stuttering.

The strengths of this study include its nationwide na-
ture with a systematic screening of a young population for
stuttering, the inclusion of both sexes, systematic collec-
tion of medical, psychiatric, cognitive, and socioeconomic
data, and sufficient statistical power to detect in men an
association with the onset of diabetes that occurred before
age 35 years. Importantly, the mandatory nature of the
screening process eliminates selection bias and behaviors
that favor avoidance from medical encounters. The con-
firmation of findings with unaffected brothers as the refer-
ence group reduces possible residual confounding.

Conclusion

This study suggests that stuttering is a risk marker for
early-onset type 2 diabetes in men, but not in women.
These patients, therefore, require an aggressive control of
other diabetes risk factors and tighter medical follow-up.
Future studies are required to confirm these results in other
populations and test the role of early therapeutic interven-
tions to prevent or delay diabetes onset.

Acknowledgments

Performed in part of Avishai M Tsur PhD requirements. We
thank Mr. Meir Shechter, Mr. Ilan Yanov, Ms. Aliza Rosenberg,
and Ms. Rebecca Sprung from Hadassah Medical Center for their
thoughtful and helpful comments on the final draft of this paper.

Financial Support: No funding was received for this study.

Author Contributions: All authors meet all 4 criteria for authorship
in the ICMJE recommendations. AMT and GT designed the study.
AMT, GT, MF, SH, and OA conducted the literature review. AMT, GT,
IZ, ML, ED, and DT acquired the data. AMT, GT, ED, and DT ana-
lyzed the data. AMT, SH, 1Z, ML, OPH, AV, MF, OA, JR, HCG, TCY,
LE OM, AT, AA, IR, and GT interpreted the results. AMT and GT
drafted the manuscript. All authors critically revised the manuscript.
All authors and contributors approved the final version of this manu-
script. All authors agree to be accountable for all aspects of the work.

Additional Information

Correspondence: Gilad Twig MD PhD, Academy and Research
Division, Surgeon General Headquarters, Israel Defense Forces,

Yaakov Dori 1, 5265601 Ramat Gan, Israel. Email: gilad.twig@
gmail.com.
Disclosures: All authors report there are no conflicts of interest.
Data Availability: The current manuscript was based on a military
database with limited access. Summaries and aggregated data may
be made available upon request; requests should be directed to gilad.
twig@gmail.com.

References

1. Lascar N, Brown J, Pattison H, Barnett AH, Bailey CJ, Bellary S.
Type 2 diabetes in adolescents and young adults. Lancet Diabetes
Endocrinol. 2018;6(1):69-80.

2. Al-Saeed AH, Constantino MI, Molyneaux L, et al. An inverse
relationship between age of type 2 diabetes onset and compli-
cation risk and mortality: the impact of youth-onset type 2 dia-
betes. Diabetes Care. 2016;39(5):823-829.

3. Sattar N, Rawshani A, Franzén S, et al. Age at diagnosis of type 2
diabetes mellitus and associations with cardiovascular and mor-
tality risks. Circulation. 2019;139(19):2228-2237.

4. Merlotti C, Morabito A, Pontiroli AE. Prevention of type 2 dia-
betes; a systematic review and meta-analysis of different inter-
vention strategies. Diabetes Obes Metab. 2014;16(8):719-727.

5. Perez HR, Stoeckle JH. Stuttering: clinical and research update.
Can Fam Physician. 2016;62(6):479-484.

6. Van Borsel ], Moeyaert J, Mostaert C, Rosseel R, Van Loo E,
Van Renterghem T. Prevalence of stuttering in regular and spe-
cial school populations in Belgium based on teacher perceptions.
Folia Phoniatr Logop. 2006;58(4):289-302.

7. Boyle CA, Boulet S, Schieve LA, et al. Trends in the prevalence of
developmental disabilities in US children, 1997-2008. Pediatrics.
2011;127(6):1034-1042.

8. Perez HR, Doig-Acuiia C, Starrels JL. “Not Unless It’s a Life or
Death Thing”: a qualitative study of the health care experiences
of adults who stutter. ] Gen Intern Med. 2015;30(11):1639-1644.

9. Blood GW, Blood IM, Bennett S, Simpson KC, Susman EJ.
Subjective anxiety measurements and cortisol responses in
adults who stutter. | Speech Hear Res. 1994;37(4):760-768.

10. Hackett RA, Kivimdki M, Kumari M, Steptoe A. Diurnal cor-
tisol patterns, future diabetes, and impaired glucose metabolism
in the Whitehall II Cohort Study. | Clin Endocrinol Metab.
2016;101(2):619-625.

11. Kalra S, Kalra B, Agrawal N, Kumar S. Dopamine: the forgotten
felon in type 2 diabetes. Recent Pat Endocr Metab Immune Drug
Discov. 2011;5(1):61-65.

12. Twig G, Zucker 1, Afek A, et al. Adolescent obesity and early-
onset type 2 diabetes. Diabetes Care. 2020;43(7):1487-1495.

13. Bendor CD, Bardugo A, Zucker I, et al. Childhood pancrea-
titis and risk for incident diabetes in adulthood. Diabetes Care.
2020;43(1):145-151.

14. Furer A, Afek A, Sommer A, et al. Adolescent obesity and midlife
cancer risk: a population-based cohort study of 2-3 million adoles-
cents in Israel. Lancet Diabetes Endocrinol. 2020;8(3):216-225.

15. Pinhas-Hamiel O, Reichman B, et al. Socioeconomic inequalities
and severe obesity—sex differences in a nationwide study of 1.12
million Israeli adolescents. Pediatr Obes. 2020;15(12):e12681.

16. Tsur AM, Twig G. Supplement.pdf. figshare. Posted December
29, 2020. https://doi.org/10.6084/m9.figshare.13498896.v1

€20 J9qWIBAON BZ UO Josn ANSISAIUN NIAY-[9L AQ L9} L0L9/8269/%/90 L /I0E/Wadl/woo"dno-olwapeoe//:sdjy WoJy papeojumod


mailto:gilad.twig@gmail.com?subject=
mailto:gilad.twig@gmail.com?subject=
mailto:gilad.twig@gmail.com?subject=
mailto:gilad.twig@gmail.com?subject=
https://doi.org/https://doi.org/10.6084/m9.figshare.13498896.v1

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 4

987

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Twig G, Gluzman I, Tirosh A, et al. Cognitive function and
the risk for diabetes among young men. Diabetes Care.
2014;37(11):2982-2988.

Twig G, Yaniv G, Levine H, et al. Body-mass index in 2.3 mil-
lion adolescents and cardiovascular death in adulthood. N Engl
J Med. 2016;374(25):2430-2440.

Tiosano S, Laur L, Tirosh A, et al. Personality disorders and
cause-specific mortality: a nationwide study of 2 million adoles-
cents. Psychol Med. 2020:1-9.

Yairi E, Seery CH. Stuttering: Foundations and Clinical
Applications. Pearson Boston; 2015.

Yairi E, Ambrose N. Epidemiology of stuttering: 21st century
advances. | Fluency Disord. 2013;38(2):66-87.

Okasha A, Bishry Z, Kamel M, Hassan AH. Psychosocial
study of stammering in Egyptian children. Br | Psychiatry.
1974;124(0):531-533.

Ardila A, Bateman JR, Nifio CR, Pulido E, Rivera DB,
Vanegas CJ. An epidemiologic study of stuttering. ] Commun
Disord. 1994;27(1):37-48.

Hull FM. National Speech and Hearing Survey. Final Report.
1976. http://search.ebscohost.com/login.aspx?direct=true&db=
eric& AN=ED 129045 &site=ehost-live

McKinnon DH, McLeod S, Reilly S. The prevalence of stuttering,
voice, and speech-sound disorders in primary school students in
Australia. Lang Speech Hear Serv Sch. 2007;38(1):5-15.
Gillespie SK, Cooper EB. Prevalence of speech problems in junior
and senior high schools. ] Speech Hear Res. 1973;16(4):739-743.
Freud D, Kichin-Brin M, Ezrati-Vinacour R, Roziner I, Amir O. The
relationship between the experience of stuttering and demographic
characteristics of adults who stutter. | Fluency Disord. 2017;52:53-63.
Boyle MP. Personal perceptions and perceived public opinion
about stuttering in the United States: implications for anti-stigma
campaigns. Am | Speech Lang Pathol. 2017;26(3):921-938.
Mayo Foundation for Medical Education and Research
(MFMER). Stuttering - symptoms and causes. https://www.
mayoclinic.org/diseases-conditions/stuttering/symptoms-causes/
syc-20353572. Accessed May 23, 2020.

Brignell A, Krahe M, Downes M, Kefalianos E, Reilly S,
Morgan AT. A systematic review of interventions for adults who
stutter. | Fluency Disord. 2020;64:105766.

Iverach L, Rapee RM. Social anxiety disorder and stut-
tering: current status and future directions. | Fluency Disord.
2014;40:69-82.

Madhu SV, Siddiqui A, Desai NG, Sharma SB, Bansal AK.
Chronic stress, sense of coherence and risk of type 2 diabetes
mellitus. Diabetes Metab Syndr. 2019;13(1):18-23.

33.

34.

35.

36.

37.

38.

39

40.

41.

42.

43.

44,

45.

46.

47.

Joseph JJ, Golden SH. Cortisol dysregulation: the bidirectional
link between stress, depression, and type 2 diabetes mellitus.
Ann N'Y Acad Sci. 2017;1391(1):20-34.

Maguire GA, Nguyen DL, Simonson KC, Kurz TL. The pharma-
cologic treatment of stuttering and its neuropharmacologic
basis. Front Neurosci. 2020;14:158.

Pagano G, Polychronis S, Wilson H, et al. Diabetes mellitus and
Parkinson disease. Neurology. 2018;90(19):e1654-e¢1662.

Wu JC, Maguire G, Riley G, et al. Increased dopa-
mine activity associated with stuttering. Neuroreport.
1997:8(3):767-770.

Ter Horst KW, Lammers NM, Trinko R, et al. Striatal dopamine
regulates systemic glucose metabolism in humans and mice. Sci
Transl Med. 2018;10(442):eaar3752.

Desai J, Huo Y, Wang Z, et al. Reduced perfusion in
Broca’s area in developmental stuttering. Hum Brain Mapp.
2017;38(4):1865-1874.

. Wu JC, Maguire G, Riley G, et al. A positron emission tom-

ography [18F]deoxyglucose study of developmental stuttering.
Neuroreport. 1995;6(3):501-505.

Garcia-Serrano AM, Duarte JMN. Brain metabolism alterations
in type 2 diabetes: what did we learn from diet-induced diabetes
models? Front Neurosci. 2020;14:229.

Sommer M, Koch MA, Paulus W, Weiller C, Biichel C.
Disconnection of speech-relevant brain areas in persistent devel-
opmental stuttering. Lancet. 2002;360(9330):380-383.

Chen Z, Li L, Sun J, Ma L. Mapping the brain in type II dia-
betes: Voxel-based morphometry using DARTEL. Eur | Radiol.
2012;81(8):1870-1876.

Biichel C, Sommer M. What causes stuttering? PLoS Biol.
2004;2(2):E46.

Braun AR, Varga M, Stager S, et al. Altered patterns of cere-
bral activity during speech and language production in develop-
mental stuttering. An H2(15)O positron emission tomography
study. Brain. 1997;120 (Pt 5):761-784.

Bonnet F, Affret A, Boutron-Ruault MC, Balkau B, Clavel-
Chapelon F, Fagherazzi G. Association between handed-
ness and type 2 diabetes: the E3N Study. Diabetes Care.
2015;38(12):¢199.

Lovera J, Corey D, Foundas A. Hand preference in develop-
mental stuttering: a test of the geschwind-galaburda hypoth-
esis of hemispheric specialization (P07.178). Neurology. 2012.
https://n.neurology.org/content/78/1_Supplement/P07.178
Huinck W, Rietveld T. The validity of a simple outcome
measure to assess stuttering therapy. Folia Phoniatr Logop.
2007;59(2):91-99.

€20 J9qWIBAON BZ UO Josn ANSISAIUN NIAY-[9L AQ L9} L0L9/8269/%/90 L /I0E/Wadl/woo"dno-olwapeoe//:sdjy WoJy papeojumod


http://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=ED129045&site=ehost-live﻿﻿
http://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=ED129045&site=ehost-live﻿﻿
https://www.mayoclinic.org/diseases-conditions/stuttering/symptoms-causes/syc-20353572
https://www.mayoclinic.org/diseases-conditions/stuttering/symptoms-causes/syc-20353572
https://www.mayoclinic.org/diseases-conditions/stuttering/symptoms-causes/syc-20353572
https://n.neurology.org/content/78/1_Supplement/P07.178﻿

