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OBJECTIVE

We examined whether psychological distress predicts incident type 2 diabetes
and if the association differs between populations at higher or lower risk of type 2
diabetes.

RESEARCH DESIGN AND METHODS

This was a prospective cohort of 5,932 diabetes-free adults (4,189 men and 1,743
women, mean age 54.6 years) with three 5-year data cycles (1991–2009): a total of
13,207 person-observations. Participants were classified into four groups accord-
ing to their prediabetes status and Framingham Offspring Type 2 Diabetes Risk
Score: normoglycemia with a risk score of 0–9, normoglycemia with a risk score of
10–19, prediabetes with a risk score of 10–19, and prediabetes with a risk score of
>19. Psychological distress was assessed by the General Health Questionnaire.
Incident type 2 diabetes was ascertained by 2-h oral glucose tolerance test, doctor
diagnosis, or use of antihyperglycemicmedication at the 5-year follow-up for each
data cycle. Adjustments were made for age, sex, ethnicity, socioeconomic status,
antidepressant use, smoking, and physical activity.

RESULTS

Among participants with normoglycemia and among those with prediabetes com-
bined with a low risk score, psychological distress did not predict type 2 diabetes.
Diabetes incidence in these groups varied between 1.6 and 15.6%. Among partic-
ipants with prediabetes and a high risk score, 40.9% of those with psychological
distress compared with 28.5% of those without distress developed diabetes dur-
ing the follow-up. The corresponding adjusted odds ratio for psychological distress
was 2.07 (95% CI 1.19–3.62).

CONCLUSIONS

These data suggest that psychological distress is associated with an accelerated
progression to manifest diabetes in a subpopulation with advanced prediabetes.

Type 2 diabetes is preceded by a period of marked changes in glucose regulation.
The prediabetic period can last over 10 years (1), providing a crucial window for
effective prevention of type 2 diabetes. To date, the focus of preventive efforts has
been on lifestyle and pharmacological interventions (1–3). However, there has been
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widespread interest in the role of psy-
chological factors, such as depression
and stress, in the onset of type 2 diabe-
tes. Suggested plausible mechanisms
are health risk behaviors and increased
body weight, dysregulation of the
hypothalamus-pituitary-adrenal axis,
overactivation of the sympathetic ner-
vous system, and increased chronic in-
flammation, all of which are known to
adversely affect glucose metabolism
(4,5).
There is some evidence that depres-

sion is an independent risk factor for
type 2 diabetes (6–8), but findings for
“general” stress and work stress are
less consistent (9–18). A major limita-
tion of existing research on psychologi-
cal factors and diabetes risk is reliance
on the crude dichotomization of no di-
abetes versus diabetes. This categoriza-
tion does not take into account the long
prediabetic period preceding manifest
disease and the possibility that those
at an advanced stage on the continuum
between health and disease might be
differentially vulnerable to the effects
of psychological factors (17). Some evi-
dence to support this hypothesis was
found in a study including 128 male

Japanese workers with prediabetes
who reported an increased risk of type 2
diabetes among those with high levels of
baseline stress (19).

Although it captures a range of co-
morbid psychological factors, such as
depressive and anxiety symptoms,
stress, and disturbed sleep, psychologi-
cal distress has rarely been examined
as a psychological risk factor for type 2
diabetes (11,18,20), and no study has
examined whether the associations dif-
fer in populations at higher or lower risk
of progressing to manifest diabetes. In
this study, we examined whether psy-
chological distress at baseline differen-
tially predicted incident type 2 diabetes
in analyses stratified by the type 2 dia-
betes risk level based on 1) the presence
or absence of prediabetes and 2) the
Framingham Offspring Type 2 Diabetes
Risk Score (FRS) (21).

RESEARCH DESIGN AND METHODS

Participants and Procedure
Recruitment to the Whitehall II Study
took place between 1985 and 1988
among all office staff, aged 35–55 years,
in 20 London-based Civil Service depart-
ments (22). The response rate was 73%

(6,895 men and 3,413 women). In-
formed consent was obtained from all
participants, and the University College
London Medical School Committee on
the Ethics of Human Research approved
the protocol.

The target population for the current
study was a sample of 5,932 participants
(4,189men and 1,743women,mean age
54.6 years) for whom data were col-
lected in at least two of the following
cycles: from 1991–1993 to 1997–1999,
from 1997–1999 to 2002–2004, and
from 2002–2004 to 2007–2009. In-
cluded participants had complete data
on type 2 diabetes, psychological dis-
tress, FRS (21), and covariates (age,
sex, socioeconomic status [SES], ethnic-
ity, antidepressant use, smoking, and
physical activity) at baseline. Those in-
cluded in the analyses were free of di-
abetes at the baseline cycle(s) and had
data on their prediabetes status and FRS
(Fig. 1). Each participant could thus con-
tribute to a minimum of one and a max-
imum of three cycles. The 5,932 eligible
participants produced 13,207 person-
observations; mean follow-up time be-
tween baseline and follow-up for each
cycle was 5.46 (SD 0.51) years.

Figure 1—Flowchart of the data cycles and sample selection procedure.
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Ascertainment of Type 2 Diabetes,
Prediabetes, and Type 2 Diabetes Risk
Status
At each clinical phase, venous blood
samples were taken from individuals
who were fasting $8 h (those whose
clinic visit was in the afternoon had
a light fat-free breakfast and they
were asked to fast for $5 h) before
undergoing a standard 2-h 75-g oral glu-
cose tolerance test (OGTT) (1). Diabetes
was defined as fasting glucose $7.0
mmol/L, 2-h postload glucose $11.1
mmol/L (23–26), self-reported doctor-
diagnosed diabetes, or use of diabetes
medication. Blood sampleswere handled
at all phases using similar standard pro-
tocols, and baseline cases were excluded
from the prospective analyses. Prediabe-
tes was defined as impaired fasting glu-
cose (IFG; a fasting glucose of 5.6–6.9
mmol/L and 2-h glucose ,7.8 mmol/L)
and/or impaired glucose tolerance (a
fasting glucose ,7 mmol/L and a 2-h
postload glucose of 7.8–11.0 mmol/L)
(23).
The FRS is based on a previously pub-

lished detailed algorithm (21) with the
following components: IFG, overweight
or obesity, low level of HDL, high level of
triglycerides, elevated blood pressure or
antihypertensive medication, and pa-
rental diabetes. The total score ranges
from 0 to 30. In the present analysis,
participants with impaired glucose tol-
erance received the same score as those
with IFG (10 points in both cases). In the
FraminghamOffspring Study, participants
with.19 points had an 8-year incidence
of type 2 diabetes .15% (21); thus we
used this score to determine high risk sta-
tus. Participants with normoglycemia
scored 0–18 in the FRS and were further
classified into the low-risk group (0–9
points) and intermediate-risk group (10–
19), the latter range corresponding to
the lower (i.e., intermediate)-risk group
(10–19 points) among participants with
prediabetes. Based on the baseline infor-
mation on prediabetes status and the FRS,
participants were classified into four
groups: 1) no prediabetes, low FRS (0–9);
2) no prediabetes, intermediate FRS (10–
19); 3) prediabetes, intermediate FRS (10–
19); and 4) prediabetes, high FRS (.19).

Assessment of Psychological Distress
The 30-item General Health Question-
naire (GHQ-30) was used to assess psy-
chological distress (27). The GHQ is a
screening instrument designed to detect

common psychological symptoms, such
as depression and anxiety. It is widely
used in population-based surveys and
trials and has been validated in the
Whitehall II Study (28). Each question-
naire item inquires about a specific
symptom; response categories are
scored as either 1 or 0 to indicate pres-
ence or absence of the symptom. A
total score of 5 or more led to individu-
als being defined as GHQ-symptom
“cases” and scores 0–4 as “noncases”
(28).

Assessment of Covariates
Sociodemographic covariates included
age, sex, SES (based on the last known
occupational grade and divided into
high, intermediate, and low), and eth-
nicity (white, South Asian, or other)
and were all based on survey responses
(22). Antidepressant use (yes/no) and
smoking (yes/no) were based on self-
reported information at the baseline
survey of each cycle. Physical activity
was assessed at cycle 1 based on answers
to questions about the frequency and du-
ration of participation in mildly energetic
(e.g., weeding, general housework, bicy-
cle repair), moderately energetic (e.g.,
dancing, cycling, leisurely swimming),
and vigorous physical activity (e.g., run-
ning, hard swimming, playing squash).
At cycles 2 and 3, the questionnaire
included 20 items on frequency and du-
ration of participation in different physi-
cal activities (e.g., walking, cycling, sports)
that were used to compute hours per
week of each intensity level. Participants
were classified as active (.2.5 h/week of
moderate physical activity or.1 h/week
of vigorous physical activity), inactive
(,1 h/week ofmoderate physical activity
and ,1 h/week of vigorous physical
activity), ormoderately active (if not active
or inactive) (29).

Statistical Analysis
After harmonization of data across
cycles, we examined associations be-
tween psychological distress at baseline
and incident type 2 diabetes at follow-
up for each cycle. We used generalized
estimation equations (GEEs) with a lo-
gistic link to control for intraindividual
correlation between repeated measure-
ments to estimate odds ratios (ORs) and
their 95% CIs. GEE analysis was used be-
cause repeated measurements were
nested within participants (i.e., the
same individuals could contribute more

than one observation to the dataset),
and the GEE method takes into ac-
count nonindependence of the within-
participant observations when estimating
standard errors. We first analyzed the
association between psychological dis-
tress and the incidence of type 2
diabetes in the total cohort. Then we
grouped the participants according to
their baseline prediabetes status, FRS,
and psychological distress into eight
groups as follows: 1) normoglycemia,
FRS 0–9, no distress (reference group);
2) normoglycemia, score 0–9, distress; 3)
normoglycemia, score 10–19, no distress;
4) normoglycemia, score10–19, distress;5)
prediabetes, score 10–19, no distress; 6)
prediabetes, score 10–19, distress; 7) pre-
diabetes, score .19, no distress; and 8)
prediabetes, score .19, distress. Models
were adjusted for age, sex, SES, ethnicity,
antidepressant use, smoking, and physical
activity. SAS version 9.2 (SAS, Cary, NC)
was used for all analyses.

RESULTS

Table 1 shows the characteristics of par-
ticipants at the baseline of each study
cycle and in total. The proportion of par-
ticipants who were male and white, had
high SES, were without psychological
distress, and had incident type 2 diabe-
tes was greater at the last cycle than at
the first. Antidepressant use was more
prevalent and smoking less prevalent
and both high and low physical activity
weremore prevalent in the latter cycles.
Overall 5-year incidence for type 2 dia-
betes was 4.2%.

Associations between baseline cova-
riates for participants with normoglyce-
mia and prediabetes by psychological
distress are presented in Supplementary
Table 1. Irrespective of the participant’s
prediabetes status, psychological dis-
tress was associated with younger age,
female sex, intermediate SES, nonwhite
ethnicity, antidepressant use, smoking,
and low physical activity.

In the total cohort, psychological dis-
tress did not predict type 2 diabetes af-
ter adjustment for age, sex, SES, and
ethnicity (OR 1.16 [95% CI 0.94–1.42];
data not shown). We found no interac-
tion between sex and psychological dis-
tress (P = 0.37) or between ethnicity and
psychological distress (P = 0.91) in the
prediction of type 2 diabetes.

We then examined whether combina-
tions of prediabetes status, FRS, and
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psychological distress predicted the in-
cidence of type 2 diabetes. Figure 2
shows the unadjusted incidences. Type 2
diabetes incidence was low among par-
ticipants with normoglycemia and a low
risk score, irrespective of the presence
(1.9%) or absence (1.6%) of psycholog-
ical distress. Among the normoglyce-
mic participants with an intermediate
risk score of 10–19, 7.6% of distressed
and 6.0% of nondistressed people
had type 2 diabetes at follow-up; the
confidence intervals suggesting no as-
sociation with psychological distress.
Similarly, among participants with pre-
diabetes and an FRS of 10–19, no
difference was found in the incidence
of type 2 diabetes between those with
(15.6%) and without psychological
distress (15.0%). However, among par-
ticipants with prediabetes and a high
FRS (.19), 40.9% of those with psycho-
logical distress developed type 2 diabe-
tes at follow-up compared with only

28.5% of those without psychological
distress.

Results of the multivariable-adjusted
logistic regression models confirm
those from the unadjusted analysis by
showing a strong dose-response associ-
ation between prediabetes and FRS sta-
tus, and risk of incident type 2 diabetes
(Table 2). Moreover, comparisons indi-
cate no difference regarding the associ-
ation between psychological distress
and type 2 diabetes among normoglyce-
mic participants or among those with
prediabetes and a lower FRS, whereas
among participants with prediabetes
and a high FRS (.19), psychological dis-
tress was associated with a doubling of
the risk of type 2 diabetes. A statistically
significant interaction (P = 0.039) was
found when comparing the prediabetes–
high FRS group with the other groups
combined, as regards the association be-
tween psychological distress and inci-
dent type 2 diabetes.

The findings were replicated in sensi-
tivity analysis using an alternative, less
stringent cut point of.18 to define high
FRS (Supplementary Table 2).

CONCLUSIONS

We examined whether the association
between psychological distress and in-
cident type 2 diabetes differed between
populations at different baseline risk
levels of type 2 diabetes as assessed by
the presence of prediabetes and the
level of FRS. The FRS is based on tradi-
tional type 2 diabetes risk factors: pre-
diabetes, overweight or obesity, low
HDL level, increased level of triglycer-
ides, hypertension, and a history of pa-
rental diabetes. In the current study, the
score was a strong predictor of incident
type 2 diabetes.

Our main finding was that psycholog-
ical distress is associatedwith a doubling
of diabetes risk in a high-risk populations.
In the overall analysis, psychological

Table 1—Characteristics of the participants at the baseline of the three cycles

Baseline study cycle

All N = 13,207*
1 (1991–1993)

n = 5,331
2 (1997–1999)

n = 3,635
3 (2002–2004)

n = 4,241

Age, mean (SD) 54.6 (7.7) 49.2 (6.0) 55.4 (5.9) 60.6 (5.9)

Sex
Male 9,461 (71.6) 3,788 (71.1) 2,595 (71.4) 3,078 (72.6)
Female 3,746 (28.4) 1,543 (28.9) 1,040 (28.6) 1,163 (27.4)

Ethnicity
White 12,325 (93.3) 4,916 (92.2) 3,412 (93.9) 3,997 (94.3)
South Asian 465 (3.5) 210 (3.9) 121 (3.3) 134 (3.2)
Other 417 (3.2) 205 (3.9) 102 (2.8) 110 (2.6)

SES
1 highest 5,476 (41.5) 1,841 (34.5) 1,626 (44.7) 2,009 (47.4)
2 6,120 (46.3) 2,664 (50.0) 1,610 (44.3) 1,846 (43.5)
3 lowest 1,611 (12.2) 826 (15.5) 399 (11.0) 386 (9.1)

Psychological distress
No 10,440 (79.1) 4,173 (78.3) 2,852 (78.5) 3,415 (80.5)
Yes 2,767 (21.0) 1,158 (21.7) 783 (21.5) 826 (19.5)

Antidepressant use
No 12,905 (97.7) 5,248 (98.4) 3,549 (97.6) 4,108 (96.9)
Yes 302 (2.3) 83 (1.6) 86 (2.4) 133 (3.1)

Smoking
No 11,992 (90.8) 4,725 (88.6) 3,315 (91.2) 3,952 (93.2)
Yes 1,215 (9.2) 606 (11.4) 320 (8.8) 289 (6.8)

Physical activity
High 7,392 (56.0) 2,839 (53.3) 2,033 (55.9) 2,520 (59.4)
Intermediate 2,874 (21.8) 1,542 (28.9) 603 (16.6) 729 (17.2)
Low 2,941 (22.3) 950 (17.8) 999 (27.5) 992 (23.4)

FRS, mean (SD) 5.4 (5.3) 5.0 (5.3) 5.5 (5.4) 5.8 (5.3)

Incidence of type 2 diabetes at follow-up
No 12,657 (95.8) 5,155 (96.7) 3,482 (95.8) 4,020 (94.8)
Yes 550 (4.2) 176 (3.3) 153 (4.2) 221 (5.2)

Figures are number (%) unless otherwise stated. *Total N refers to the sum of participants (n of person-observations) in total and across the three
study cycles (one participant can contribute to one or more study cycle); n in each study cycle refers to number of participants at that cycle.
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distress was not significantly associated
with type 2 diabetes. Subsequent strati-
fied analysis revealed no association be-
tween psychological distress and type 2
diabetes in normoglycemic participants
irrespective of the risk score and in par-
ticipants with prediabetes and a lower
FRS. However, in the group of partici-
pants with prediabetes and high risk
score (.19), the 5-year incidence of di-
abetes was 28.5% in those without psy-
chological distress and 40.9% in those
with psychological distress at baseline.
In the multivariate-adjusted model, the
OR was twofold increased among those
with psychological distress compared
with those without. The findings were
replicated using a lower cut point (.18)
for defining a high FRS.
Earlier literature suggests that the re-

lationship between psychosocial factors
and type 2 diabetes may be complex
(16,17). We found no overall association
between psychological distress and type
2 diabetes. Earlier findings on the asso-
ciation between psychological factors,
such as general stress and work stress,
and incident type 2 diabetes have been
mixed, including both null and positive
findings (10–17). Inconsistencies in ear-
lier research may be due not only to the
use of different stress and distress indi-
cators across studies but also, as our
present findings suggest, to a failure to
recognize that the “nondiabetes” group
might be heterogeneous in terms of vul-
nerability to distress; those at an “ad-
vanced” stage of prediabetes may be
more affected by the adverse metabolic

effects of psychological distress than
those at lower risk levels (1,17). Indeed,
the effects of psychological stress fac-
tors have been suggested to be syner-
gistic (17). Rather than a general risk
factor in all diabetes-free populations,
it might be a stage-specific risk factor
that has a much stronger effect among
those at an advanced stage of progres-
sion toward manifest type 2 diabetes. In
line with our results, an earlier report
from the Whitehall II Study showed
that work stress predicted type 2 diabe-
tes among obese, but not nonobese,
women (14).

Plausible pathways through which
psychological distress may accelerate
progression to type 2 diabetes among
high-risk individuals include health risk
behaviors and direct physiological path-
ways, such as long-term dysregulation
of the hypothalamic-pituitary-adrenal
axis, leading to increased levels of glu-
cocorticoids, especially cortisol, and
changes in immune system activity,
leading to increased concentrations of
proinflammatory cytokines (1,8,16,17).
There is some evidence supporting in-
flammation and lifestyle factors as me-
diators between depressive symptoms
and incident type 2 diabetes (8).

Healthcare implications of this study
include the notion that psychological
distress might hamper the outcomes of
intensive lifestyle and other treatment
interventions targeted at high-risk
groups (2,3). Psychological distress
symptoms, such as stress, anxiety, de-
pression, feelings of hopelessness, and

sleep disturbances, have previously
been shown to hinder commitment to
major, long-term lifestyle changes and
reduce adherence to pharmacological
treatments (30).

There are limitations to our study.
First, although the study had a high re-
sponse rate in the successive data
collection phases, loss to follow-up
accumulated over time, as in most
long-term cohort studies. However,
large differences in missing data as a
function of psychological distress and
type 2 diabetes seem unlikely. Second,
participants of the Whitehall II Study
are from an occupational cohort that is
likely to cover a “healthier” end of the
variation in health status compared with
the general population, which limits the
generalizability of our findings. Third,
we used the GHQ-30 to detect psycho-
logical distress symptoms. As this instru-
ment was not designed to make a
psychiatric diagnosis of depression or
anxiety, we cannot exclude the possibility
of confounding by unmeasured depres-
sion or anxiety disorders. However, this
is unlikely to be a major source of bias
because the GHQ-30 has been shown to
be a valid screening instrument for men-
tal disorders, particularly depression in
the Whitehall II Study (28). The strengths
of this study are its large sample size and
use of accurate, repeat assessments of all
examined variables, use of the FRS based
on clinical measurements, and ascertain-
ment of diabetes based on the standard
75-g OGTT at each clinical study cycle
(23,24). However, part of the incident

Figure 2—Unadjusted incidence (95% CI) of type 2 diabetes among participants with normoglycemia and participants with prediabetes; participants
further stratified by the FRS and psychological distress.
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type 2 diabetes identification was based
on self-report, although antihyperglyce-
mic medication was confirmed by asking
the participants to take their medications
or list of medications to the study clinic.
Of those participants who had self-
reported diagnosis of diabetes without
evidence on the use of antihyperglycemic
medications (33.4% of incident cases), a
substantial proportion was confirmed
by a repeat OGTTor by antihyperglycemic
medication at the subsequent phase,
leaving only 23.6% of all incident diabetes
cases unconfirmed.

In summary, this observational study
suggests that psychological distress may
be related to accelerated progression of
late-stage prediabetes to clinical diabe-
tes. Further investigations are needed
to examine mechanisms linking psycho-
logical distress to onset of type 2 diabe-
tes in this group. Current prevention
guidelines do not generally consider
psychological factors such as stress or
depression (31), although some recog-
nize them as contributing factors to be
taken into account in efforts to prevent
type 2 diabetes (32). Given the high co-
morbidity between psychological prob-
lems and diabetes and the accumulation
of evidence on the role of psychological
distress as a predictor of type 2 diabe-
tes, it is important to consider whether
more attention should be paid to psycho-
logical status among high-risk popula-
tions in addition to lifestylemodifications.
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