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OBJECTIVE Meta-analyses have shown that the risk for depression is elevated in type 2
diabetes. Whether this risk in individuals with impaired glucose metabolism (IGM) or undiag-
nosed diabetes (UDD) is elevated relative to normal glucose metabolism (NGM) or decreased
relative to previously diagnosed type 2 diabetes (PDD) has not been the subject of a systematic
review/meta-analysis. This study examined the prevalence of depression in IGM and UDD sub-
jects relative to each other and to NGM and PDD subjects by reviewing the literature and
conducting a meta-analysis of studies on this topic.

RESEARCH DESIGN AND METHODS FMBASE and MEDLINE databases were
searched for articles published up to May 2010. All studies that compared the prevalence of
depression in subjects with IGM and UDD were included. Odds ratios (ORs) were calculated
using fixed and random-effects models.

RESULTS—The meta-analysis showed that the risk for depression was not increased in IGM
versus NGM subjects (OR 0.96, 95% CI 0.85-1.08). Risk for depression did not differ between
individuals with UDD and individuals with either NGM (OR 0.94, 95% CI 0.71-1.25) or IGM
(OR 1.16, 95% CI 0.88-1.54). Finally, individuals with IGM or UDD both had a significantly
lower risk of depression than individuals with PDD (OR 0.59, 95% CI 0.48-0.73, and OR 0.57,
95% CI 0.45-0.74, respectively).

CONCLUSIONS —Results of this meta-analysis show that the risk of depression is similar for
NGM, IGM, and UDD subjects. PDD subjects have an increased risk of depression relative to IGM
and UDD subjects.

Diabetes Care 34:752-762, 2011

everal meta-analyses have shown
that the risk of elevated levels of
depression and the risk of incident
depression are increased in people diag-
nosed with type 2 diabetes compared

with nondiabetic control subjects (1,2).
Comorbid depression in people with di-
abetes forms a serious threat to quality of
life (3). Moreover, people with both de-
pression and diabetes have been found
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to be at increased risk for the develop-
ment of cardiovascular complications of
diabetes and to have increased mortality
rates and higher health care costs (4-6).

The reasons for the high prevalence
of depression in type 2 diabetes remain
unclear, although it is likely that the
burden resulting from having a chronic
disease and/or its associated complications
plays an important role (7,8). It is also pos-
sible that increased levels of blood glucose
are implicated, although the exact nature of
the relationship between hyperglycemia
and depression remains unclear (9).

Hyperglycemia (and insulin resis-
tance) may contribute to depression by
two mechanisms: 1) through its impact
on symptoms, such as fatigue and diffi-
culty concentrating (10), complications,
and fear of complications (11), and 2)
through physiological pathways, includ-
ing inflammatory processes, and reduc-
tions in neurotrophic function (12-14),
which in turn may lead to reduced plas-
ticity of neuronal networks and subse-
quently depression (15).

It is worth noting that depression is a
common disorder in the general popula-
tion and is not only increased in people
with diabetes (1,2), but also in people
with other physical health problems, such
as chronic pain, asthma, and heart disease
(16). This would suggest that elevated
blood glucose levels are not a necessary
condition for developing depression.

One way to study whether elevated
blood glucose levels affect mood is to
investigate the prevalence of depression
in people with impaired glucose metabo-
lism (IGM) or undetected type 2 diabetes
(UDD) and compare these to prevalence
rates of depression in people with normal
glucose metabolism (NGM) and people
with previously diagnosed type 2 diabetes
(PDD). Although people with IGM and
people with UDD have, by definition,
elevated blood glucose levels compared
with individuals with NGM, the level of
glucose impairment varies, ranging from
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Depression in undiagnosed diabetes

NGM to IGM to full blown type 2 di-
abetes. Moreover, people with IGM or
UDD differ from people with PDD, be-
cause they do not have the psychological
burden of being diagnosed with the con-
dition or having to self-manage it.

As the prevalence of depression in
people with UDD or IGM has not been
evaluated in a systematic review and
meta-analysis, this report examines the
relationship between these categories of
glycemic dysregulation and risk of de-
pression. We examined the combined
prevalence of depression in samples of
people with NGM, IGM, UDD, or PDD by
conducting a meta-analysis of studies
published on this subject in the peer-
reviewed literature.

RESEARCH DESIGN AND
METHODS

Retrieval of studies

To identify the studies of interest,
MEDLINE (1950 to May 2010) and
EMBASE (1947 to May 2010) databases
were searched. The search terms are
shown in Supplementary Table 1. Titles
and abstracts of the retrieved studies were
scanned by two authors (A.N. reviewed
all abstracts, and the second reviews
were divided among coauthors) to ex-
clude studies that were clearly irrelevant.
The full text of the remaining studies was
then read by three authors (A.N., G.N,,
and F.P.) to determine whether the stud-
ies met our inclusion criteria. Further-
more, the reference lists of articles that
studied our topic of interest were scanned
to check for additional publications.

Inclusion/exclusion criteria

In this systematic review and meta-analysis,
we included all studies that examined the
prevalence of depression either in UDD
or IGM subjects, also defined as impaired
glucose tolerance, impaired fasting glucose,
and impaired glucose resistance, compar-
ing these rates to those in NGM and/or
PDD subjects.

Data extraction

Three authors (A.N., G.N., and F.P.) in-
dependently extracted data from the stud-
ies, in particular regarding 1) name of first
author, 2) publication year, 3) study de-
sign, 4) number of participants by cate-
gory of glycemic (dys)regulation, 5) sex of
participants, 6) age of participants, 7)
method and criteria for depression assess-
ment, 8) methods of diabetes and/or pre-
diabetic state assessment, 9) number and

percentage of case subjects with depres-
sion, 10) fasting plasma glucose, and 11)
unadjusted and adjusted odds ratios
(ORs) and 95% Cls. This allowed com-
parison of IGM with NGM and PDD and
comparison of UDD with NGM, IGM, and
PDD.

In the included studies, method of
depression assessment could be either 1) a
diagnosis of depression assessed by a
diagnostic psychiatric interview, 2) as-
sessment of depressive symptoms by a
self-report questionnaire, 3) a diagnosis
by a physician, or 4) in combination
with a prescription of antidepressant
medication.

Statistical analysis
The odds of depression in each category
(UDD or IGM) were compared with the
odds of depression in NGM or PDD to
calculate the unadjusted OR. From these,
pooled ORs were estimated. Both the
fixed-effects model and the random-
effects model were used. The fixed-effects
model assumes that variability between
studies is exclusively due to random
variation, and individual studies are sim-
ply weighted by their precision. The
random-effects model assumes that a dif-
ferent true effect size exists for at least one
study and takes this into consideration
as an additional source of variation. A
random-effects meta-analysis is more
conservative than a fixed-effects meta-
analysis, since it may give wider Cls
around the point estimate and is recom-
mended when it is suspected that indi-
vidual studies may not be estimating the
same true effect size (17). A forest plot was
made to show the OR and 95% CI of each
study and the pooled OR and 95% CI.
We followed recommendations in the
Cochrane Handbook (17) for investigat-
ing reporting bias; these recommenda-
tions advise that Harbord’s statistical test
for small study bias is appropriate when
the outcome statistic is an OR and the
number of studies is at least 10 to avoid
false-positive results in the presence of
study heterogeneity. Forest plots were
used to visually assess homogeneity of
the studies. This was also tested with the
Cochran’s Q test and the I-squared statis-
tic. All statistical analyses were performed
using STATA 10.0 (STATA Corporation,
College Station, TX).

RESULTS —The MEDLINE search
(1950 to May 2010) identified 3,357
articles, of which 12 met our inclusion
criteria and were subsequently included

in the systematic review and meta-analysis.
The search in EMBASE (1947 to May 2010,
total number of studies 4,337, excluding
duplicates) identified one additional study
meeting the selection criteria. Thus, a total
of 13 studies were included in the meta-
analysis. The characteristics and the ex-
tracted data of the 13 included studies are
presented in Table 1 and, for the (un)ad-
justed odds ratios, in Supplementary
Table 2.

In total, the included studies identi-
fied 1,483 case subjects with UDD, 6,236
case subjects with IGM, and 2,121 case
subjects with PDD. However, because the
number of studies varied for each com-
parison, numbers of cases may differ.

Depression in individuals with
impaired glucose metabolism

Eleven studies (18-28) compared the
prevalence of depression in individuals
with IGM relative to individuals with
NGM. The forest plot (Fig. 1) clearly
shows that, compared with people with
normal glucose regulation, the prevalence
of depression is not increased in patients
with IGM (fixed-effects OR 0.94, 95% CI
0.86-1.02; random-effects OR 0.96,
0.85-1.08). Harbord’s test for reporting
bias was negative (P = 0.2). Nine studies
reported data on the prevalence of de-
pression in individuals with IGM com-
pared with individuals with PDD (18-23,
25,27,28). Compared with individuals
with PDD, people with IGM had an almost
40% lower risk of depression (fixed-effects
OR 0.61, 95% CI 0.52-0.71; random-
effects OR 0.59, 0.48-0.73). In both analy-
ses, the [-squared value was low, suggesting
that the results of the fixed-effects model
may be appropriate for these comparisons.
Because of ambiguities in two studies, we
conducted sensitivity analyses to deter-
mine whether our analytic decisions af-
fected the results. In one study (20),
there appeared to be a discrepancy be-
tween the reported number of people
with depressive symptoms (n = 10) and
the percentage of participants with depres-
sive symptoms (2.2%). Therefore, we
compared the results with the raw num-
bers and the recalculated data based on the
reported percentages. Another study (21)
reported the total number of participants
and ORs based on imputed data; there-
fore, we compared the results with the to-
tal number of participants and with ORs
based on imputed data. Results of these
sensitivity analyses showed that in both
cases, using alternative data did not
change the overall results.
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Depression in undiagnosed
type 2 diabetes
Three comparisons were carried out for
the prevalence of depression in UDD:
10 studies (18,19,21,22,24-27,29,30)
comparing with NGM, eight studies
(18,19,21,22,24-27) comparing with
IGM, and eight studies (18,19,21,22,25,
27,29,30) comparing with PDD. The
I-squared statistic was moderately large
for the comparison of UDD versus NGM
(I-squared = 49.0%; P = 0.039 for the
Cochran’s Q test for heterogeneity), sug-
gesting that the random-effects model was
the most appropriate for this comparison.
However, a single study (30) accounted for
all heterogeneity beyond that due to
chance, and when this study was omitted
from the analysis, the I-squared statistic
diminished to 0% and the fixed- and
random-effects pooled estimates became
0.98 (95% CI 0.81-1.19). Harbord’s test
for reporting bias just reached statistical
significance (P = 0.03). For consistency,
only the random-effects models for each
comparison were considered.

The Forest plots of the ORs and 95%
CI of each study and the pooled OR for
comparisons of UDD versus NGM are
shown in Fig. 2: the pooled OR of 0.94
(95% CI 0.71-1.25) indicated that the
risk for being depressed was not signifi-
cantly different. Furthermore, the odds of
depression did not differ significantly be-
tween UDD versus IGM (OR 1.16, 95%
CI1 0.88-1.54). Finally, the risk of depres-
sion was significantly lower in individuals
with UDD versus PDD (OR 0.57,95% CI
0.45-0.74).

Sensitivity analyses

We conducted sensitivity analyses to de-
termine whether using OR controlled for
demographic factors affected the results.
In all the studies that provided adjusted
OR, NGM was always the reference; thus,
we were not able to conduct sensitivity
analyses for comparisons of IGM or UDD
with PDD or IGM with UDD. Results did
not change in the sensitivity analyses. A
pooled OR of 0.93 (95% CI 0.85-1.04)
was obtained for the comparison of IGM
versus NGM (21-23,26-28) and an OR of
1.04 (95% CI 0.85-1.28) for the compari-
son of UDD versus NGM (21,22.26,27,30).

CONCLUSIONS —The results of the
present meta-analysis clearly show that
people who have impaired glucose me-
tabolism or undiagnosed type 2 diabetes
are not at increased risk for depression
compared with people in the general

population or people with normal glucose
metabolism. When compared with people
with known type 2 diabetes, individuals
with impaired glucose metabolism or un-
known diabetes have significantly lower
risk of having depressive symptoms. This
result could be regarded as support for the
“psychological burden hypothesis” (31),
which states that the burden of knowing
that you have diabetes and having a chronic
illness to manage, or complications to cope
with contributes to higher levels of depres-
sion. By definition, people with IGM and
undiagnosed diabetes have both higher lev-
els of blood glucose than people with nor-
mal glucose metabolism or people in the
general population. Results of the present
meta-analysis indicate that higher blood
glucose levels per se in the prediabetic or
early diabetes stages are not associated with
an increased level of depressive symptoms.

One explanation for the lower risk of
depression in UDD compared with PDD
might relate to differences in the number
of complications between people with
UDD and people with PDD. Although
diabetes complications can occur in peo-
ple with undiagnosed diabetes, these are
more likely to be found in people with
longstanding diabetes (32,33). The re-
sults of the current meta-analysis would
then concur with a large cross-sectional
population-based study that showed
that, compared with healthy control sub-
jects, diabetes alone did not increase the
chances of depressive symptoms but hav-
ing diabetes and diabetes complications
did (34). However, a recent study showed
that the risk of depressive disorder is in-
creased in the 2 years after diagnosis of
type 2 diabetes in the absence of diabetes
complications (35). In another study, it
was found that diabetes distress did not
become associated with depressive symp-
toms until after 1 year of living with di-
abetes (36). In yet another study, people
who were prescribed a more intensive
treatment developed more depressive
symptoms in the first 3 years after detec-
tion of type 2 diabetes than individuals on
less intensive treatment (37). These stud-
ies suggest that factors other than diabetes
complications (e.g., fear of complications,
burden of treatment) may increase the
risk of depressive symptoms. However,
because none of the studies included in
the meta-analysis assessed diabetes com-
plications, it was not possible to refute or
support this argument. Future studies
into depression and undiagnosed diabe-
tes should assess diabetes complications
in these groups.

Nouwen and Associates

There are several limitations to this
study. First, the number of people with
undiagnosed diabetes in the included
investigations was quite small despite the
fact that many were large-scale population-
based studies. Second, the meta-analysis
draws on observational cohort studies,
and it is appropriate to analyze adjusted
rather than unadjusted effect estimates.
However, because only half of the studies
provided adjusted effect estimates and
controlled for important demographic
confounders, we used the unadjusted
ORs in our analyses. However, when cal-
culating pooled ORs based on the studies
that did provide ORs controlled for de-
mographics, the outcome did not change.
Given these results and the low heteroge-
neity, we are confident that the results
in the current study are reliable. Third,
although in all studies oral glucose toler-
ance tests were used to establish partic-
ipants’ glucose metabolism classification,
it is possible that unmeasured differen-
ces in blood glucose level between the
previously diagnosed and undiagnosed
diabetes groups may explain their differ-
ences in depression. Because these data
were not routinely available in the pub-
lished reports, we contacted authors of
the more recent articles to obtain these
data and used them to calculate weighted
pooled mean blood glucose levels for each
group. Whereas blood glucose levels did
not differ between NGM (mean 5.1, 95%
CI 3.9-6.3) and IGM (5.8, 4.6-7.0) and
between UDD (8.8, 7.6-10.0) and PDD
(8.3, 7.1-9.5), differences between the di-
abetes groups (UDD and PDD) and indi-
viduals without diabetes (NGM and IGM)
were significant. These results suggest that
despite differences in depression between
those with versus those without diabetes,
blood glucose levels did not differ within
these broader categories. Fourth, the pos-
sibility of reporting bias cannot be ruled
out. There was weak evidence of reporting
bias for the comparison of undiagnosed
diabetes versus normal glucose metabo-
lism, but the number of studies here, as
for other comparisons, was too low for
strong inference.

The relatively low level of hetero-
geneity observed in most comparisons
(I-squared ranging from 0 to 27%) was
not amenable to productive exploration us-
ing meta-regression; this was because it is
recommended that at least 10 studies per
study level variable explored are required if
spurious associations are to be avoided,
and a complete set of data for this number
of studies was unfortunately not available
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Comparison
Study

IGM v NGM

Rajala et al., 1997 (13)
Hiltunen et al., 2004 (14)
Yaffe et al., 2004 (15)
Golden et al., 2007 (17)
Knol et al., 2007 (16)
Adriaanse et al., 2008 (18)
Rhee et al., 2008 (19)
Aujla et al., 2009 (21)
Gale et al., 2009 (22)

Holt et al., 2009 (20)
Bouwman et al., 2010 (23)
|-V Subtotal (I-squared =24.7%, p
D+L Subtotal

IGM v PDD

Rajala et al., 1997 (13)
Hiltunen et al., 2004 (14
Yaffe et al., 2004 (15)
Golden et al., 2007 (17)
Knol et al., 2007 (16)
Adriaanse et al., 2008 (18)
Gale et al., 2009 (22)

Holt et al., 2009 (20)
Bouwman et al., 2010 (23)
I-V Subtotal (I-squared = 18.7%, p
D+L Subtotal

=
= 0.208) %

OR (95% Cl)

—— 1.08 (0.65, 1.80)
—_— 0.85 (0.44, 1.62)
——e— 1.55(0.81, 2.98)

-~ 0.85 (0.74, 0.99)
- 0.88 (0.71, 1.09)

——2.06 (1.10, 3.86)

— 1.01 (0.61, 1.68)

- 1.04 (0.86, 1.26)

— 0.79 (0.52, 1.21)
— 0.66 (0.29, 1.51)

0.97 (0.71, 1.34)
0.94 (0.86, 1.02)
0.96 (0.85, 1.08)

0.43 (0.18, 1.02)

—o—'

%

Events, Events, Weight
IFG Comparator  (I-V)
24/192 56/480 3.02
19/125 26/149 1.89
10/297 142/6463 1.85
304/1879  721/3911  36.44
115/671 667/3499 16.60
24/164 20/260 1.99
25/352 45/642 3.06
167/643 1035/4116 21.85
25/492 227/3573 4.38
8/996 19/1568 1.14
52/425 258/2061 7.78
773/6236 3216/26722 100.00
24/192 9/36 3.43
19/125 9/64 3.51
10/297 11/267 3.39
304/1879  153/672 54.20
115/671 30/102 11.63
24/164 22/126 6.46
25/492 8/46 3.47
8/996 4/182 1.76
52/425 38/181 12.16
581/5241 284/1676  100.00

I
1

less dep IFG

———— 1.10(0.46, 2.58)
+ 0.81 (0.34, 1.94)
- 0.65 (0.53, 0.81)
— 0.50 (0.31, 0.79)
— 0.81 (0.43, 1.52)
0.25 (0.11, 0.60)
= 0.36 (0.11, 1.21)
—— 0.52 (0.33, 0.83)
=0.276) O 0.61(0.52, 0.71)
< 0.59 (0.48, 0.73)

| | |

5 1 2 5
more dep IFG

Figure 1—Forest plots showing the OR and 95% CI of depression in IGM compared with NGM and PDD. I-V, fixed-effects estimate (inverse variance
method); D+L, random-effects estimate (Der Simonian and Laird method). (A high-quality color representation of this figure is available in the

online issue.)

for study level variables of interest (e.g.,
age, sex, fasting plasma glucose).

Fifth, the studies in this meta-analysis
used cross-sectional data and therefore do
not provide evidence regarding the time
frame in which depression develops after
the diagnosis of type 2 diabetes. A recent
study reported that antidepressant med-
ication use showed a temporary peak
during the year of diagnosis of type 2
diabetes, suggesting that the risk of de-
pressive symptoms is increased soon after
diagnosis and recedes thereafter in the
absence of another incident risk factor (38).

Finally, only one of the included
studies (27) used diagnostic criteria to

determine depression status. In this study,
the prevalence of depression was particu-
larly increased in people with previously
diagnosed diabetes (compared with
NGM) and in people with undiagnosed
diabetes, although for the latter, this failed
to reach significance. IGM was not signif-
icantly associated with the increased prev-
alence of major depressive disorder. These
findings suggest that diabetes, but not
IGM, is associated with increased preva-
lence of major depressive disorder. How-
ever, the numbers in this study were small,
and further research is needed.

Overall, the results of this meta-analysis
show that the risk of depression is not

directly related to elevated blood glucose
levels. One conclusion, in line with the
results of the current meta-analysis, is that
the burden of diabetes and its complica-
tions are the main determinants of de-
pressive symptoms in individuals with
diabetes (16). Future research should ex-
amine the constituents of this burden.
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Hiltunen et al., 2004 (14) —_—— 1.05 (0.39, 2.80) 6/33 26/149 3.42
Golden et al., 2007 (17) 0.83 (0.60, 1.15) 46/292 721/3911 31.08
Knol et al., 2007 (16) —_— 1.06 (0.55, 2.07) 11/55 667/3499 7.40
Icks et al., 2008 (26) —_— 0.40 (0.23, 0.67) 15/248 557/3995 11.70
Rhee et al., 2008 (19) 1.69 (0.69, 4.17) 6/53 45/642 4.04
Aujla et al., 2009 (21) —_— 0.81 (0.53, 1.22) 29/136 1035/4116 18.95
Gale et al., 2010) -+ 1.42 (0.84, 2.41) 16/182 227/3573 11.67
Holt et al., 2009 (20) —_— 2.01(0.80, 5.09) 6/249 19/1568 3.82
|-V Subtotal (I-squared = 49.0%, p = 0.039) (e 0.88 (0.74, 1.06) 146/1483 3411/23217 100.00
D+L Subtotal <p 0.94 (0.71, 1.25)
uDD v IGM
Rajala et al., 1997 (13) —_— 0.91(0.25, 3.27) 3/26 24/192 2.81
Hiltunen et al., 2004 (14) R PR 1.24 (0.45, 3.41) 6/33 19/125 4.49
Golden et al., 2007 (17) —— 0.97 (0.69, 1.36) 46/292 304/1879 40.14
Knol et al., 2007 (16) —_—— 1.21 (0.61, 2.41) 11/55 115/671 9.61
Rhee et al., 2008 (19) — 1.67 (0.65, 4.28) 6/53 25/352 5.17
Aujla et al., 2009 (21) —— 0.77 (0.49, 1.21) 29/136 167/643 22.98
Gale et al., 2010 (22) +— 1.80 (0.94, 3.46) 16/182 25/492 10.78
Holt et al., 2009 (20) ———&—— 3.05 (1.05, 8.87) 6/249 8/996 4.02
|-V Subtotal (I-squared =27.1%, p = 0.212) O 1.09 (0.88, 1.35) 123/1026 687/5350 100.00
D+L Subtotal < 1.16 (0.88, 1.54)
ubDD v PDD
Palinkas et al., 1991 (25) —_— 0.33(0.13, 0.87) 8/209 10/93 6.69
Rajala et al., 1997 (13) —— 0.39 (0.09, 1.62) 3/26 9/36 3.08
Hiltunen et al., 2004 (14) —_— 1.36 (0.44, 4.21) 6/33 9/64 4.86
Golden et al., 2007 (17) —— 0.63 (0.44, 0.91) 46/292 153/672 47.22
Knol et al., 2007 (16) —_— 0.60 (0.27, 1.32) 11/55 30/102 10.06
Icks et al., 2008 (26) —_— 0.42(0.23, 0.77) 15/248 47/352 16.94
Gale et al., 2010 (22) —_— 0.46 (0.18, 1.15) 16/182 8/46 7.36
Holt et al., 2009 (20) —_—— 1.10 (0.31, 3.95) 6/249 4/182 3.79
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Figure 2—Forest plots showing the OR and 95% CI of depression in UDD compared with NGM, IGM, and PDD. I-V, fixed-effects estimate (inverse variance
method); D+L, random-effects estimate (Der Simonian and Laird method). (A high-quality color representation of this figure is available in the online issue.)
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