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Depression differed by midnight cortisol
secretion, alexithymia and anxiety between
diabetes types: a cross sectional
comparison
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Abstract

Background: Increased prevalence of depression is found in both type 2 diabetes (T2D) and type 1 diabetes (T1D).
Melancholia and atypical depression differ by cortisol secretion and clinical features. The aim was to compare the
clinical presentation of T1D and T2D patients in relation to self-reported depression, self-reported anxiety, alexithymia,
obesity, and midnight salivary cortisol (MSC).

Methods: Comparative cross-sectional design. The participants were consecutively recruited from one hospital diabetes
outpatient clinic: 24 T2D patients (31–59 years) and 148 T1D patients (32–59 years). Self-reported depression, anxiety and
alexithymia were assessed by Hospital Anxiety and Depression scale and Toronto Alexithymia Scale-20. MSC, HbA1c,
anthropometrics and data from medical records were collected. Multiple logistic regression analyses were performed.

Results: Comparisons of prevalence between diabetes types showed for T2D/T1D: depression 25%/12% (P = 0.10); high MSC
(≥9.3 nmol/L) 38%/22% (P = 0.13); alexithymia 25%/13% (P = 0.12); anxiety 38%/35% (P = 0.82). The prevalence of high MSC
did not differ between depressed and non-depressed T2D patients (17% vs. 44%, P = 0.35), but differed between depressed
and non-depressed T1D patients (53% vs. 18%, P = 0.003). The alexithymia prevalence differed between depressed and
non-depressed T2D patients (67% vs.11%, P = 0.018), and between depressed and non-depressed T1D patients (47% vs. 11%,
P < 0.001). The anxiety prevalence did not differ between depressed and non-depressed T2D patients (67% vs. 28%, P = 0.15),
but differed between depressed and non-depressed T1D patients (76% vs. 30%, P < 0.001). The obesity prevalence (BMI
≥30 kg/m2) was 83% for depressed T2D patients and 6% for depressed T1D patients.
In the T2D patients, depression was associated with alexithymia (Adjusted odds ratio (AOR) 15.0). In the T1D patients,
depression was associated with anxiety (AOR 11.0), foot complications (AOR 8.5), HbA1C >70 mmol/mol (AOR 6.4), and
high MSC (≥9.3 nmol/L) (AOR 4.8).

Conclusions: The depressed T2D patients had traits of atypical depression, without associated high MSC (≥9.3 nmol/L)
and anxiety, but the association with alexithymia was strong. The depressed T1D patients had traits of melancholia
with associated high MSC and anxiety. The obesity prevalence was high in depressed T2D patients and low in
depressed T1D patients.

Keywords: Alexithymia, Anxiety, Depression, Cortisol, Diabetes mellitus

* Correspondence: eva.melin@kronoberg.se; eva.o.melin@gmail.com
1Endocrinology and Diabetes, Department of Clinical Sciences, Lund
University, Lund, Sweden
2Department of Research and Development, Region Kronoberg, Box 1223,
SE-351 12 Växjö, Sweden
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Melin et al. BMC Psychiatry  (2017) 17:335 
DOI 10.1186/s12888-017-1495-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-017-1495-8&domain=pdf
http://orcid.org/0000-0002-7835-2650
mailto:eva.melin@kronoberg.se
mailto:eva.o.melin@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
The main features of depression are dysphoria, anhedonia
and lack of interest, which are accompanied by features
such as weight changes, sleep disturbances, psychomotor
agitation or retardation, lack of energy and/or cognitive
deficits [1]. Melancholia and atypical depression are two
subtypes of depression with marked differences in clinical
expression [1] and in the corticotropin releasing hormone
(CRH) system [2], where the changes in the CRH system
are responsible for several of the clinical features [2]. In
melancholia, there is an activation of the CRH system
including the hypothalamic-pituitary-adrenal (HPA) axis
with increased cortisol secretion, the locus coeruleus, and
the sympathetic nervous system [2]. Depression in melan-
cholia is accompanied by anxiety, a readiness to negatively
charged memories, and is characterized by hyper-arousal,
insomnia, loss of appetite, and weight loss. In atypical
depression, there is CRH deficiency with a down-regulation
of the HPA axis with decreased cortisol secretion, and a
decreased sympathetic activity [2]. Atypical depression is
generally not accompanied by anxiety, but is associated
with a sense of emptiness, and persons with atypical
depression seem to be “walled off”. The clinical picture is
characterized by hypo-arousal, inactivity, hypersomnia,
hyperphagia, and weight gain [2].
The prevalence of depression in diabetes is increased

[3–5], in type 2 diabetes (T2D) 19–31% [3, 4], in type1
diabetes (T1D) 12–19% [4, 5], which could be compared
to a prevalence of around 11% in a non-diabetic popula-
tion [4]. Depression in diabetes is deleterious as it is as-
sociated with impaired glycemic control [6, 7], increased
prevalence of diabetes complications, cardiovascular and
all-cause mortality [8–10].
The cause of T1D is an insulin secretion deficiency due

to autoimmune destruction of the pancreatic beta-cells
[11]. It has been suggessted that psychological stress,
mediated by excess cortisol and catecholamine secretion
[12], could lead to the development of autoimmunity and
the induction of T1D [13, 14]. Several biological links have
been suggested between T1D and depression, one link is
hyperactivity of the HPA axis which is present in both
T1D and depressive states [7]. Type 2 diabetes (T2D) is
characterized by insulin resistance and an inadequate
compensatory insulin secretory response [11]. Obesity,
which in 2009 had a prevalence of 10–11% in the Swedish
population [15], is one risk factor for the development of
insulin resistance and T2D [11, 16]. Depression is another
risk factor for the development of T2D [3]. However, the
association between T2D and depression is bidirectional,
as manifest T2D also increases the risk for the develop-
ment of depression [3].
As increased cortisol secretion is causative in the devel-

opment of certain diabetes complications such as cognitive
decline and ischemic heart disease [17–19], it is of interest

to study cortisol secretion in depressed T1D and T2D pa-
tients. Even a mild increase in cortisol secretion in a non-
diabetic population without clinical signs of overt hypercor-
tisolism, is associated with an increased risk of cardiovascu-
lar events and mortality [20]. We have recently shown that
high midnight salivary cortisol (MSC) (≥9.3 nmol/L) was
linked to depression, physical inactivity, smoking and test-
ing during the spring season in persons with T1D [21].
Alexithymia, a personality trait characterized by defi-

cits in emotional awareness and expressiveness [22], has
previously been linked to depression [23, 24], obesity in
T1D patients [25], and to increased cardiovascular mor-
tality [26]. We therefore consider that alexithymia might
be of interest to study in the context of depression,
diabetes, obesity and diabetes complications. We also
hypothesize that alexithymia might be responsible for
the “walled off” impression seen in patients with atypical
depression. Alexithymia in depressed patients might
have clinical implications. The reduced capacity of com-
municating feelings for persons with alexithymia, might
lead to an increased risk to suffer from a depressive dis-
order that will not be diagnosed and thus not treated.
Given the different aetiology of T2D and T1D, the aim

was to compare the clinical features of depressed
patients with T2D and T1D in terms of self-reported de-
pression, self-reported anxiety and alexithymia, MSC,
and obesity. As atypical depression is characterized by
hyperphagia and weight gain [2], and obesity is associ-
ated with the development of T2D [16], we hypothesize
that T2D patients suffer mainly from atypical depression.
As hyperactivity of the HPA axis is suggested to be a
biological link between T1D and depression [7, 12], and
as we previously found increased MSC in depressed
T1D patients [21], we hypothesized that T1D patients
mainly suffer from depression with melancholic features.
To be able to differentiate between these two depression
types can have clinical implications.

Methods
Participants and setting
This report has a comparative cross sectional design and
is one of four studies [6, 21, 25], performed at baseline
of a randomized controlled trial (RCT) for patients with
diabetes, impaired glycemic control and psychological
symptoms [27]. The participants were consecutively
enrolled during a period of 9 months from March to
December 2009 by specialist diabetes physicians or spe-
cialist nurses from the diabetes outpatient clinic of the
Central Hospital in Växjö, Sweden. The patients con-
sulted both physicians and nurses once a year, optionally
6 months in between. The enrolment process, inclusion
and exclusion criteria are illustrated in Fig. 1. Exclusion
criteria were systemic corticosteroid treatment; preg-
nancy; severe somatic comorbidities (cancer, hepatic
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failure); severe diabetes complications (end-stage renal
disease, stroke with cognitive deficiency); severe mental
disorders (psychotic disorder, bipolar disorder, severe
personality disorder, severe substance abuse, mental re-
tardation); visual impairment to such a degree that read-
ing the questionnaires was impossible; or inadequate
knowledge of Swedish. T1D patients younger than
32 years were excluded as we have previously shown that
cortisol secretion is increasing by older age [21]. Finally,
24 T2D patients (31–59 years) and 148 T1D patients
(32–59 years), who did not differ by age (P = 0.38), were
included (Fig. 1). The T1D patients that delivered MSC
samples were compared to the T1D patients of the same
age that did not deliver MSC samples. Depression sub-
type was determined by the links between self-reported
depression and self-reported anxiety and alexithymia,

high MSC and general obesity. Data collection was ter-
minated in January 2010.The study was approved by the
Regional Ethical Review Board of Linköping University,
Linköping (Registration no. M120–07, T89–08). All par-
ticipants provided written informed consent.

Measures
Data collected from the Swedish National Diabetes Register
(S-NDR) and from medical records
Diabetes related data were gathered from the Swedish
National Diabetes Register and from computerized med-
ical records. Information regarding somatic and psychi-
atric comorbidities, and medication was collected from
medical records.
Clinical psychiatric diagnoses were made prior to re-

cruitment, and were collected from the medical records.

Pregnancy?
Severe comorbidity?

Cognitive  deficiency? 
Inadequate Swedish?

MSC samples?

Excluded
Yes

No

Yes

T2D or T1D? 
18-59 years?

Diabetes duration 1 year?

Yes

NoSigned informed 
consent?

No

Excluded

Excluded
T2D/T1D: 
N=3/96

Eligible persons
T2D/T1D: N = 27/433

Excluded
T1D: N=141

T2D N=27
T1D: N=292 (Melin et al. 2013)

No

T2D: N = 24, (31-59 years) 

T1D: N = 196, (18-59 years) (Melin et al. 2014)

Age difference between 
diabetes types?

Yes
Excluded: 

T1D patients, 
18-31 years,

N=48

T2D: N=24, (median; min-max: 50; 31-59 years)
&

T1D: N=148, (median; min-max: 46; 32-59 years)
P=0.38 for age difference

Yes

Fig. 1 Description of the enrollment process, inclusion and exclusion criteria
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No clinical differentiation was performed between mel-
ancholia and atypical depression by the physicians. The
DSM-IV/ICD-10 depression classification codes used in
the medical records were for a single episode 296.2/F32,
for recurrent episodes 296.3/F33, and for unspecified de-
pression 311/F32.9 [1]. Clinical psychiatric diagnoses
were dichotomized as having or not having a clinical
psychiatric diagnosis.
Diabetes complications could potentially induce depres-

sion and were therefore included in the analyses. Cardio-
vascular complications were defined as ischemic heart
disease, stroke or transient ischemic attack. Diabetes retin-
opathy was defined as having non-proliferative or prolifer-
ative retinopathy, meaning microangiopathy changes as
viewed by fundus photography through a dilated pupil.
Foot complications were defined as significant neur-
opathy, angiopathy, earlier or present diabetes foot ulcer,
foot infection, foot deformity, arthropathy or amputation
of the lower limb. Cardiovascular complications, diabetes
retinopathy and foot complications were dichotomized as
having or not having the complication [6].
Smokers were defined as having smoked any amount

of tobacco during the last year. Physical inactivity was
defined as moderate activities, such as 30 min of walk-
ing, less than once a week.

Self-report measures
The patients were asked to complete the self-report
instruments before leaving the out-patient clinic the day
for recruitment. Self-reported depression and anxiety were
assessed by the Hospital Anxiety and Depression Scale
(HADS) [4, 24, 28, 29]. The depression (HADS-D) and
anxiety (HADS-A) subscales, consists of 7 statements
each, with 4 response alternatives from 0 to 3. The recom-
mended cut off level ≥ 8 points (p) was used for both sub-
scales. When the results are presented and discussed we
use the term depression for self-reported depression and
the term anxiety for self-reported anxiety.
Self-reported alexithymia was assessed by the Toronto

Alexithymia Scale-20 items (TAS-20) which consists of
20 statements rated from 1 to 5 [30–32]. Alexithymia
was defined as TAS-20 ≥ 61 p [30, 31].

Saliva samples, blood samples and anthropometrics
Each patient collected one MSC sample between 23.30 and
00.30 h, after oral and written information of the procedures,
using the Salivette sampling method (Salivette®, Sarstedt,
Nümbrecht, Germany) [21, 33]. MSC samples which were
returned within 1 week after recruitment were included in
the study. The samples were analyzed at the Department of
Clinical Chemistry, Lund University Hospital, Lund, Sweden.
The Roche Cobas Cortisolassay®, a competitive Electroche-
miluminescence immunoassay (ECLIA) was used on an
Elecsys 2010 immunoanalyser system (Roche Diagnostics,

Mannheim, Germany) [33]. In in a healthy population sam-
ple the 95th percentile for MSC was 8.9 nmol/L [33]. High
MSC was defined as ≥9.3 nmol/L, a cut-off level suggested
to distinguish Cushing’s disease from pseudo-Cushing’s syn-
drome, corresponding to a sensitivity of 100%, a specificity of
83%, and positive/negative predictive values 90%/100% [34].
The collection period (03/29/2009–12/31/2009) was

divided into three seasons: spring (03/29/2009–05/31//
2009); summer (06/01/2009–08/31/2009); autumn/early
winter (09/01/2009–12/31/2009). Seasonal distribution
of recruited patients did not differ between diabetes
types (P = 0.89). The number of T2D and T1D patients
recruited were 9 and 60 in spring, 5 and 34 in summer,
and 10 and 54 in autumn/early winter, respectively.
The 148 T1D patients that delivered MSC were com-

pared to the 70 T1D patients (age 32–59 years) that did not
deliver MSC samples. They did not differ by diabetes
duration, gender, HbA1c, clinical psychiatric diagnoses,
self-reported depression, self-reported anxiety, alexithymia,
antidepressant use, obesity, smoking, physical inactivity;
cardiovascular complications, foot complications, or dia-
betes retinopathy (P-values were between 0.21 and >0.99).
Blood samples were collected the day for recruitment.

HbA1c reflects the average glucose concentration during
8–12 weeks prior to testing, and high levels indicate
impaired glycemic control [6]. High HbA1c was defined
as IFCC >70 mmol/mol (DCCT >8.6%).Venous HbA1c
was analyzed with high pressure liquid chromatography,
HPLC - variant II, Turbo analyzer (Bio – Rad®, Hercules,
CA, USA) [35].
Weight and length were measured according to standard

procedures by a nurse and BMI was calculated. Obesity
was defined as BMI ≥30 kg/m2 for both genders [15].

Statistical analysis
Analysis of data distribution using histograms revealed that
MSC, HbA1c, age, diabetes duration, and BMI were not nor-
mally distributed. Data were presented as median values
(quartile (q)1, q3; range), and analyses were performed with
Mann-Whitney U test or Kruskal-Wallis test. Fisher’s exact
test (two-tailed) was used to analyze categorical data. Crude
odds ratios (CORs) were calculated. Multiple logistic regres-
sion analysis (Backward: Wald) were conducted separately for
the two diabetes types. Variables with P ≤ 0.10 were entered
with self-reported depression as dependent variable. The
Hosmer and Lemeshow test for goodness-of-fit and Nagelk-
erke R2 were used to evaluate each regression analysis model.
Confidence intervals (CIs) of 95% were used. P < 0.05 was
considered statistically significant. SPSS® version 18 (IBM,
Chicago, Illinois, USA) was used for the statistical analyses.

Results
In this study persons with T2D (n = 24; 50% men) and
T1D (n = 148; 56% men) were compared. The T2D
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patients were treated with insulin (25%), oral anti dia-
betic drugs (33%), or combinations of both (42%). The
T1D patients were treated with multiple daily insulin
injections (90%), or continuous subcutaneous insulin
infusions (10%). The prevalence of clinical psychiatric
diagnoses did not differ between diabetes types (P = 0.54)
(Table 1). The prevalence of clinical psychiatric diagnoses
was in the T2D patients 17% (clinical depression: n = 1, al-
cohol addiction under control: n = 1, stress related disor-
ders: n = 2), and in the T1D patients 14% (clinical
depression: n = 13; clinical anxiety: n = 2; stress related
disorders: n = 5).
Baseline characteristics and differences between dia-

betes types are presented in Table 1. The T2D patients
differed from the T1D patients by higher median MSC
(P = 0.006), higher prevalence of obesity (P < 0.001) and
of cardio vascular complications (P = 0.049), lower

prevalence of diabetes retinopathy (P = 0.039), and
shorter diabetes duration (P < 0.001).
For the T1D patients, the MSC levels were highest

when collected in spring, intermediate in summer, and
lowest when collected in autumn/early winter (P < 0.001).
There was no seasonal variation of MSC observed in the
T2D patients (P = 0.55). The difference in MSC secretion
between the two diabetes types was very high in the
autumn/winter period (P = 0.001).
Median MSC did not differ between users and non-

users of inhaled steroids (T2D: P = 0.94; T1D: P = 0.58).
There were no gender differences in high MSC preva-
lence (T2D: P > 0.99; T1D: P = 0.56).
Differences between depressed and non-depressed

T2D patients are presented in Table 2. The depressed
T2D patients compared to the non-depressed had higher
prevalence of alexithymia (67% versus 11%, P = 0.018).

Table 1 Baseline characteristics and comparisons between 24 persons with T2D and 148 persons with T1D

Type 2 diabetes Type 1 diabetes P-valuea

N 24 148

Age (years) 50 (41, 57; 31–59) 46 (40, 53; 32–59) 0.38b

Gender Men 12 (50) 83 (56) 0.66

Women 12 (50) 65 (44)

Diabetes duration (years) 11 (7, 14; 2–32) 24 (14, 33; 1–55) < 0.001b

Depression (HADS-D ≥ 8 p) 6 (25) 17 (12) 0.10

Alexithymia (TAS-20 ≥ 61 p) 6 (25) 19 (13) 0.12

Anxiety (HADS-A ≥ 8 p) 9 (38) 52 (35) 0.82

Physical inactivity 4 (19) 11 (8) 0.10

Smoking 2 (9) 12 (8) > 0.99

MSC (nmol/L) All measurements 7.8 (5.1, 12.0; 1.9–23.0) 5.2 (3.1, 7.8; 1.9–47.0) 0.006b

MSC (nmol/L) Spring 6.7 (3.6, 11.5; 1.9–13.0) 7.1 (5.2, 10.0; 1.9–31.0) 0.84b

MSC (nmol/L) Summer 7.6 (7.2, 13,5; 6.8–15.0) 4.8 (3.0, 11.0; 2.3–47.0) 0.051b

MSC (nmol/L) Autumn/early winter 8.1 (4.5, 16.2; 3.2–23.0) 3.2 (2.7, 5.4; 1.9–26.0) 0.001b

High MSC (≥ 9.3 nmol/L) 9 (38) 33 (22) 0.13

HbA1c mmol/mol 60 (49, 75; 41–113) 63 (55, 71; 32–110) 0.78b

% 7.6 (6.6, 9.0; 5.9–12.5) 7.9 (7.2, 8.6; 5.1–12.2)

HbA1c > 70 mmol/mol (> 8.6%) 8 (33) 38 (26) 0.46

BMI (kg/m2) Men 31 (28, 32; 26–34) 25 (23, 28; 18–38) < 0.001b

BMI (kg/m2) Women 31 (24, 36; 21–39) 24 (23, 27; 18–45) 0.012b

Obesity (BMI ≥ 30 kg/m2) 14 (58) 16 (11) < 0.001

Inhaled steroids 1 (4) 13 (7) 0.70

Antidepressants 2 (8) 12 (8) > 0.99

Clinical psychiatric diagnoses 4 (17) 20 (14) 0.54

Foot complications 5 (22) 28 (20) 0.78

Cardiovascular complications 4 (17) 7 (5) 0.049

Diabetes retinopathy 14 (58) 116 (79) 0.039

Data are n (%) or median (q1, q3; range)
aFisher’s exact test unless otherwise specified
bMann - Whitney U test. Missing values T2D/T1D: physical inactivity n = 3/4; smoking n = 2/3; foot complications n = 1/7; diabetes retinopathy n = 0/1
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In the depressed T2D patients the obesity prevalence
was 83%. Self-reported depression was associated with
alexithymia (AOR 15.0) in 23 T2D patients (Table 2).
Differences between depressed and non-depressed

T1D patients are presented in Table 3. The depressed
T1D patients compared to the non-depressed had higher
prevalence of alexithymia (47% versus 8%, P = < 0.001),
anxiety (76% versus 30%, P = < 0.001), high MSC (≥
9.3 nmol/L) (53% versus 18%, P = 0.003). The obesity
prevalence was in the depressed T1D patients 6%. Self-
reported depression was associated with anxiety (AOR
11.0), foot complications (AOR 8.5), high HbA1C (AOR
6.4), and high MSC (≥9.3 nmol/L) (AOR 4.8) in 141
T1D patients, (Table 3).

Discussion
In this comparative study of self-reported depression
and associated features in 24 patients with T2D and 148
patients with T1D, consecutively recruited from one
hospital diabetes outpatient clinic, the depression preva-
lence was twice as high in the T2D patients as in the
T1D patients. The clinical presentation of depression in
the T1D and T2D patients differed by associated anxiety,
alexithymia, obesity, and midnight salivary cortisol
secretion. Depression in the T2D patients was associated
with alexithymia, but not with anxiety or with high

midnight cortisol secretion (≥ 9.3 nmol/L). The obesity
prevalence was very high in the depressed T2D patients.
In the T1D patients, depression was associated with anx-
iety, high midnight cortisol secretion, impaired glycemic
control (HbA1c > 70 mmol/mol (> 8.6%)) and with foot
complications. The obesity prevalence in the depressed
T1D patients was low.
The findings of our research support our hypothesis

that depressed T2D patients mainly suffer from features
of atypical depression, and depressed T1D patients
mainly suffer from features of melancholic depression.
We have not found any previous study where features of
melancholia and atypical depression were compared
between the two diabetes types. As increased cortisol se-
cretion is causative in the development of cognitive and
cardiovascular complications, it is of utmost importance
to treat depression in T1D due to the demonstrated
increase in cortisol secretion [17–19]. As previously de-
scribed, atypical depression is not accompanied by anxiety,
but is characterized by a down regulation of the HPA axis,
hypo-arousal, weight gain during depressive episodes, and
a sense of emptiness [2]. Alexithymia might be the reason
for both the feelings of emptiness, and the “walled off” im-
pression on other people that are clinical features of atyp-
ical depression [2]. The low emotional awareness and the
reduced capacity of communicating feelings, features of

Table 2 Comparisons between depressed and non-depressed T2D patients and factors associated with depression (self-reported)

Type 2 diabetes

Depression (HADS-D ≥ 8 points)

Depression
(HADS-D ≥ 8 p)

No depression
(HADS-D < 8 p)

P-valuea COR (95% CI) P-value AORb (95% CI) P-valuec

Age (years) 51 (38, 58) 48 (41, 56) 0.77d 1.0 (0.9–1.1) 0.80 – –

Diabetes duration (years) 14 (10, 20) 10 (6, 13) 0.066d 1.11 (0.96–1.30) 0.16 – –

Gender Men 2 (33) 10 (56) 0.64 2.5 (0.4–17.3) 0.35 – –

Women 4 (67) 8 (44)

Alexithymia (TAS-20 ≥ 61 p) 4 (67) 2 (11) 0.018 16.0 (1.7–151) 0.016 15.0 (1.6–142) 0.018

Anxiety (HADS-A ≥ 8 p) 4 (67) 5 (28) 0.15 5.2 (0.7–37.9) 0.10 Irrelevant >0.99

Physical inactivity 1 (20) 3 (19) >0.99 1.1 (0.09–13.5) 0.95 – –

Smoking 1 (20) 1 (6) 0.41 4.0 (0.2–78.8) 0.36 – –

High MSC (≥ 9.3 nmol/L) 1 (17) 8 (44) 0.35 0.25 (0.02–2.59) 0.25 – –

HbA1c (>70 mmol/mol (> 8.6%)) 4 (67) 4 (22) 0.13 7.0 (0.9–53.2) 0.06 5.8 (0.4–83.5) 0.20

Obesity (BMI ≥30 kg/m2) 5 (83) 9 (50) 0.34 5.0 (0.5–51.8) 0.18 – –

Antidepressants 1 (17) 1 (6) 0.45 3.4 (0.2–64.7) 0.42 – –

Clinical psychiatric diagnoses 2 (40) 2 (11) 0.19 5.3 (0.5–54.0) 0.16 – –

Foot complications 3 (50) 2 (12) 0.089 7.5 (0.9–66.1) 0.07 9.9 (0.6–157) 0.10

Cardiovascular complications 2 (33) 2 (11) 0.25 4.0 (0.4–38.0) 0.23 – –

Diabetes retinopathy 4 (67) 10 (56) >0.99 1.6 (0.2–11.1) 0.63 – –
aFisher’s exact test unless otherwise specified
bAdjusted odds ratio
cMultiple regression analysis (Backward: Wald): T2D: n = 23; Hosmer and Lemeshow test 0.875; Nagelkerke R2 Square 0.358
dMann-Whitney U test
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alexithymia [22], might have clinical implications. First,
there is a risk that depression in persons with alexithymia
will remain undiagnosed as alexithymic persons have diffi-
culties recognizing and communicating their own feelings,
thus also their depressive state. When meeting an inactive,
obese patient with diabetes, inadequate glycemic control,
who seems to be walled off, we suggest that the patient
could be tested with a self-report instrument for depres-
sion, such as the Hospital Anxiety and Depression Scale
(HADS [4, 24, 28, 29], and a self-report instrument for
alexithymia, Toronto Alexithymia Scale-20 items (TAS-
20) [29–32]. Second, alexithymic depressed persons might
benefit from different types of psychotherapy than non-
alexithymic depressed persons. Third, interventions
targeting increased emotional awareness in weight reduc-
tion programs for patients with obesity and alexithymia,
with or without depression, might be beneficial for both
diabetes types, as we have recently showed that alexithy-
mia was associated with obesity in T1D patients [25].
The prevalence of depression were in accordance with

previous research for both diabetes types, but we did not
find any significant difference between the two diabetes
types [3–5]. The depression prevalence would most
probably have been higher for both diabetes types if we
had not excluded persons with severe substance abuse,
bipolar disorder, depression with psychotic features, and

severe somatic comorbidities. The depression prevalence
reported in previous research depends on which method
that was used for the diagnosis [3–5]. Our results would
probably have differed if we had performed a diagnostic
interview.
Due to well-known link between impaired glycemic

control and depression [7], we suggest that a self-report
instrument for the detection of depression should be
used routinely for all patients with diabetes and impaired
glycemic control.
Compared to the obesity prevalence in the general

Swedish population, the obesity prevalence was lower for
the depressed T1D patients, and more than 7 times higher
for the depressed T2D patients, and more than 4 times
higher for the non-depressed T2D patients [15]. The high
obesity prevalence in the T2D patients is deleterious as
obesity significantly contributes to cardiovascular disease
[36]. The associations between depression and impaired
glycemic control [7], increased cortisol secretion [7], and
foot complications [3, 10], in the T1D patients are in
accordance with previous literature.
There are several subjects for future research. Will corti-

sol secretion decrease in T1D patients recovered from
depression? Do physicians fail to recognize depression in
persons with alexithymia? Are the features of atypical de-
pression, hypo-arousal, inactivity, hyperphagia and weight

Table 3 Comparisons between depressed and non-depressed T1D patients and factors associated with depression (self-reported)

Type 1 diabetes

Depression (HADS-D ≥ 8 points)

Depression
(HADS-D ≥ 8 p)

No depression
(HADS-D < 8 p)

P-valuea COR (95% CI) P-value AORb (95% CI) P-valuec

Age (per year) 51 (43, 53) 46 (40, 53) 0.097d 1.1 (0.99–1.1) 0.094 1.1 (0.98–1.19) 0.14

Diabetes duration (per year) 28 (16, 37) 24 (13, 33) 0.45 1.01 (0.97–1.06) 0.50 – –

Gender Men 10 (59) 73 (56) > 0.99 0.9 (0.3–2.5) 0.81 – –

Women 7 (41) 58 (44)

Alexithymia (TAS-20 ≥ 61 p) 8 (47) 11 (8) < 0.001 9.7 (3.1–30.2) 0.022 2.7 (0.5–15.8) 0.27

Anxiety (HADS-A ≥ 8 p) 13 (76) 39 (30) < 0.001 7.7 (2.4–25.0) 0.001 11.0 (2.5–47.7) 0.001

Physical inactivity 3 (18) 8 (6) 0.12 3.2 (0.8–13.4) 0.11 – –

Smoking 2 (12) 10 (8) 0.63 1.6 (0.3–7.9) 0.58 – –

High MSC (≥ 9.3 nmol/L) 9 (53) 24 (18) 0.003 5.0 (1.8–14.3) 0.003 4.8 (1.1–20.1) 0.034

HbA1c (>70 mmol/mol (> 8.6%)) 10 (59) 28 (21) 0.002 5.3 (1.8–15.1) 0.002 6.4 (1.6–26.0) 0.009

Obesity (BMI ≥30 kg/m2) 1 (6) 15 (12) 0.70 0.5 (0.1–3.9) 0.50 – –

Antidepressants 4 (24) 8 (6) 0.034 4.7 (1.3–17.9) 0.022 1.2 (0.2–7.3) 0.87

Clinical psychiatric diagnoses 7 (41) 13 (10) 0.002 6.4 (2.1–19.5) 0.001 – –

Foot complications 8 (50) 20 (16) 0.004 5.2 (1.8–15.6) 0.003 8.5 (1.9–37.4) 0.004

Cardiovascular complications 3 (18) 4 (3) 0.033 6.8 (1.4–33.5) 0.018 2.6 (0.3–22.6) 0.39

Diabetes retinopathy 15 (88) 101 (78) 0.53 2.2 (0.5–10.0) 0.33 – –
aFisher’s exact test unless otherwise specified
bAdjusted odds ratio
cMultiple regression analysis (Backward: Wald): T1D: n = 141; Hosmer and Lemeshow test 0.571; Nagelkerke R2 Square 0.465
dMann-Whitney U test
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gain, misinterpreted clinically as just laziness or non-
adherence to diabetes regiment in T2D patients? Do the
two depression types benefit from different antidepressants
and psychotherapeutic interventions? Cognitive behavioural
therapy could be tried against emotion focused interven-
tions [24, 27, 29, 37–39]. For depressed persons with in-
creased cortisol secretion, stress reducing techniques such
as mind-body therapies could be tried [27, 39]. We have
previously targeted alexithymia with good results by inter-
vention with the psychoeducational method “Affect School
with Script analysis” (ASSA) [24]. We have initiated two
randomized controlled studies where ASSA is tried against
basic body awareness for patients with T1D or T2D, inad-
equate glycemic control and psychological symptoms [27].
It would also be of interest to perform a longitudinal

study to explore whether the prevalence of alexithymia
is increasing by age or diabetes duration. Hypothetically,
alexithymia could be part of a general cognitive decline
caused by diabetes [19, 40].
Strengths of our study are that the population was well

defined. Users of systemic corticosteroid treatment, preg-
nant women, persons with severe somatic or psychiatric
disorders, or with severe substance abuse, were excluded.
We have previously shown that MSC increases by age
[21]. By excluding younger T1D patients (< 32 years), we
made sure the two populations were matched by age, so
that age wouldn’t bias the association between MSC and
depression. We explored whether patients that delivered
MSC samples differed from those that did not, and we did
not find any difference for any variable included in the
study. We included diabetes complications in the analyses
as the presence of complications could induce depression.
We explored whether there were seasonal variations of
MSC secretion in the T2D patients, as in the T1D patients
[21], which was not the case.
The main limitation of our study was the small number

of patients with T2D. It will be necessary to explore
whether our findings of the very strong association between
depression and alexithymia, and the absence of associations
between anxiety, high MSC and depression in T2D can be
confirmed in a larger population. To explore seasonal
variation of MSC in a larger population of T2D patients
would be of interest. A larger study of depression, alexithy-
mia, anxiety, seasonal variation and MSC in persons with
T2D is therefore planned in primary care settings [27].
Another limitation is that depression and anxiety were

self-reported and not confirmed by a diagnostic inter-
view. HADS has however recently been validated and
showed good reliability and discriminant validity [28].
The conclusion of the validation was that HADS is a
useful instrument for detecting anxiety and depression
symptoms, both at an individual and a collective level
[28]. In this study, the T1D patients with self-reported
depression had a higher prevalence of clinical psychiatric

diagnoses and antidepressant use than patients without
self-reported depression, which indicates that the scale is
relevant for detecting depressive symptoms.
A third limitation was that all the features that might dif-

fer between melancholia and atypical depression were not
explored, for example patterns of sleeping disturbances [2].

Conclusions
The clinical presentation of depression in T1D and T2D
patients differed by associated anxiety, alexithymia, obes-
ity, and midnight salivary cortisol secretion. The hypoth-
esis that depressed patients with T2D mainly suffer from
features linked to atypical depression was in this study
supported by the very high prevalence of obesity, the
association with alexithymia, the lack of associated anx-
iety, and lack of increment of midnight cortisol secretion
in the depressed T2D patients. The hypothesis that
depressed T1D patients mainly suffer from features
linked with melancholic depression was supported by
the presence of associated anxiety, increased midnight
cortisol secretion, and the low prevalence of obesity in
the depressed T1D patients. We have not found any pre-
vious study where different subtypes of depression were
explored in T1D and T2D. Awareness of the existence
of the two different depression sub types, melancholia
and atypical depression, can have implications both for
the ability to identify depression in patients with
diabetes and for the treatment of depression.

Abbreviations
AOR: Adjusted odds ration; BMI: Body mass index; CI: Confidence interval;
COR: Crude odds ratio; CRH: Corticotropin releasing hormone;
ECLIA: Electrochemiluminescence immunoassay; HPA: Hypothalamic-pituitary-
adrenal; MSC: Midnight salivary cortisol; T1D: Type 1 diabetes; T2D: Type 2
diabetes.

Acknowledgements
The authors are grateful to Anna Lindgren, PhD at the Department of
Mathematical Statistics, Lund University, Lund, Sweden, for her statistical
skills.

Funding
This research was supported by the Research and Development Fund of
Region Kronoberg, Växjö, Sweden. The funding source was not involved in
the collection, analysis and interpretation of data, in the writing of the
report, or in the decision to submit the article for publication.

Availability of data and materials
The data set analyzed during the current study is not available publicly as
individual privacy could be compromised, and we have no permission from
the Regional Ethical Board to share the research data publicly. The data set is
available from the corresponding author on reasonable request.

Authors’ contributions
EOM, MT, MH, ML-O and HOT participated as investigators and reviewed and
edited the manuscript. EOM, ML-O, MT and MH contributed to the study design
and implementation. EOM, MH, HOT and ML-O contributed to the analysis.
EOM and MH wrote the statistical methods. EOM initiated the study, wrote the
manuscript, and is the guarantor of this work and, as such, had full access to all
the data in the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis. All authors read and approved of the
manuscript.

Melin et al. BMC Psychiatry  (2017) 17:335 Page 8 of 10



Authors’ information
EOM, MD and PhD, works as a GP in primary care and as a researcher at the
Department for Research and Development, Region Kronoberg, Växjö, and is
affiliated to Clinical Sciences, Department of medicine, Diabetology and
endocrinology, Lund University, Lund, Sweden.
MT, MD and PhD, works at the department of medicine at the Central
Hospital, and at the department for Research and Development, Region
Kronoberg, Växjö, and is affiliated to Clinical Sciences, Department of
medicine, Diabetology and endocrinology, Lund University, Lund, Sweden.
ML-O, MD, PhD and professor, works at Lund University Hospital,
Department of endocrinology and Diabetology, Lund University, Lund,
Sweden.
MH, PhD, works at BMC, Lund University, Lund, Sweden.
HOT, MD, PhD and assistant professor, works as a GP in primary care and as
a researcher at the Department for Research and Development, Region
Kronoberg, Växjö, and is affiliated to Clinical Sciences, Division of Family
Medicine, Lund University, Malmö, Sweden.

Ethics approval and consent to participate
The study was approved by the Regional Ethical Review Board of Linköping
University, Linköping (Registration no. M120–07, T89–08). All participants
provided written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Endocrinology and Diabetes, Department of Clinical Sciences, Lund
University, Lund, Sweden. 2Department of Research and Development,
Region Kronoberg, Box 1223, SE-351 12 Växjö, Sweden. 3Primary Care, Region
Kronoberg, Växjö, Sweden. 4Department of Internal Medicine, Central
Hospital, Region Kronoberg, Växjö, Sweden. 5Department of Endocrinology,
Lund University Hospital, Lund, Sweden. 6Diabetes Research Laboratory BMC,
Lund University, Lund, Sweden. 7Family Medicine, Department of Clinical
Sciences, Lund University, Malmoe, Sweden.

Received: 13 October 2016 Accepted: 8 September 2017

References
1. American Psychiatric Association. Diagnostic and statistical manual of

mental disorders IV-TR. 4th ed. Washington DC: American Psychiatric
Association; 2000.

2. Gold PW, Chrousos GP. Organization of the stress system and its
dysregulation in melancholic and atypical depression: high vs low CRH/NE
states. Mol Psychiatry. 2002;7:254–75. doi: 10.1038/sj.mp.4001032.

3. Semenkovich K, Brown ME, Svrakic DM, Lustman PJ. Depression in type 2
diabetes mellitus: prevalence, impact, and treatment. Drugs. 2015;75:577–87.
doi: 10.1007/s40265-015-0347-4.

4. Engum A, Mykletun A, KM K, Holen A, Dahl A. Depression and diabetes: a
large population-based study of sociodemographic, lifestyle, and clinical
factors associated with depression in type 1 and type 2 diabetes. Diabetes
Care. 2005;28:1904–9.

5. Barnard KD, Skinner TC, Peveler R. The prevalence of co-morbid depression
in adults with type 1 diabetes: systematic literature review. Diabet Med.
2006;23:445–8.

6. Melin EO, Thunander M, Svensson R, Landin-Olsson M, Thulesius HO.
Depression, obesity and smoking were independently associated with
inadequate glycemic control in patients with type 1 diabetes. Eur J
Endocrinol. 2013;168:861–9. doi: 10.1530/eje-13-0137.

7. Korczak DJ, Pereira S, Koulajian K, Matejcek A, Giacca A. Type 1 diabetes
mellitus and major depressive disorder: evidence for a biological link.
Diabetologia. 2011;54:2483–93. doi: 10.1007/s00125-011-2240-3.

8. de Groot M, Anderson R, Freedland KE, Clouse RE, Lustman PJ. Association
of depression and diabetes complications: a meta-analysis. Psychosom Med.
2001;63:619–30.

9. Egede LE, Nietert PJ, Zheng D. Depression and all-cause and coronary heart
disease mortality among adults with and without diabetes. Diabetes Care.
2005;28:1339–45. https://doi.org/10.2337/diacare.28.6.1339.

10. Ismail K, Winkley K, Stahl D, Chalder T, Edmonds M. A cohort study of
people with diabetes and their first foot ulcer: the role of depression on
mortality. Diabetes Care. 2007;30:1473–9. doi: 10.2337/dc06-2313.

11. ADA. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2014;
37(Suppl 1):S81–90. doi: 10.2337/dc14-S081.

12. Dahlquist G. Can we slow the rising incidence of childhood-onset
autoimmune diabetes? The overload hypothesis. Diabetologia. 2006;49:20–4.
doi: 10.1007/s00125-005-0076-4.

13. Sepa A, Wahlberg J, Vaarala O, Frodi A, Ludvigsson J. Psychological stress
may induce diabetes-related autoimmunity in infancy. Diabetes Care.
2005;28:290–5. doi: 10.2337/diacare.28.2.290.

14. Hagglof B, Blom L, Dahlquist G, Lonnberg G, Sahlin B. The Swedish
childhood diabetes study: indications of severe psychological stress as a risk
factor for type 1 (insulin-dependent) diabetes mellitus in childhood.
Diabetologia. 1991;34:579–83.

15. SCB. Undersökningarna av levnadsförhållanden år 2009. www.scb.se/ulf.
Accessed 2 Apr 2017.

16. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin
resistance and type 2 diabetes. Nature. 2006;444:840–6. doi: 10.1038/
nature05482.

17. Chiodini I, Adda G, Scillitani A, Coletti F, Morelli V, Di Lembo S, et al. Cortisol
secretion in patients with type 2 diabetes: relationship with chronic
complications. Diabetes Care. 2007;30:83–8. doi: 10.2337/dc06-1267.

18. Reynolds RM, Labad J, Strachan MWJ, Braun A, Fowkes FGR, Lee AJ, et al.
Elevated fasting plasma Cortisol is associated with ischemic heart disease
and its risk factors in people with type 2 diabetes: the Edinburgh type 2
diabetes study. J Clin Endocrinol Metab. 2010;95:1602–8. doi: 10.1210/jc.
2009-2112.

19. Reynolds RM, Strachan MWJ, Labad J, Lee AJ, Frier BM, Fowkes FG, et al.
Morning Cortisol levels and cognitive abilities in people with type 2
diabetes: the Edinburgh type 2 diabetes study. Diabetes Care. 2010;33:714–
20. doi: 10.2337/dc09-1796.

20. Di Dalmazi G, Vicennati V, Garelli S, Casadio E, Rinaldi E, Giampalma E, et al.
Cardiovascular events and mortality in patients with adrenal incidentalomas
that are either non-secreting or associated with intermediate phenotype or
subclinical Cushing’s syndrome: a 15-year retrospective study. Lancet
Diabetes Endocrinol. 2014;2:396–405. doi: 10.1016/s2213-8587(13)70211-0.

21. Melin EO, Thunander M, Landin-Olsson M, Hillman M, Thulesius HO.
Depression, smoking, physical inactivity and season independently
associated with midnight salivary cortisol in type 1 diabetes. BMC Endocr
Disord. 2014;14:75. doi: 10.1186/1472-6823-14-75.

22. Taylor G, Bagby R, Parker J. The alexithymia construct. A potential paradigm
for psychosomatic medicine. Psychosomatics. 1991;32:153–64.

23. Tolmunen T, Heliste M, Lehto SM, Hintikka J, Honkalampi K, Kauhanen J.
Stability of alexithymia in the general population: an 11-year follow-up.
Compr Psychiatry. 2011;52:536–41. doi: 10.1016/j.comppsych.2010.09.007.

24. Melin EO, Thulesius HO, Persson BA. Affect school for chronic benign pain
patients showed improved alexithymia assessments with TAS-20.
Biopsychosoc. 2010;4:1–10.

25. Melin EO, Svensson R, Thunander M, Hillman M, Thulesius HO, Landin-
Olsson M. Gender, alexithymia and physical inactivity associated with
abdominal obesity in type 1 diabetes mellitus: a cross sectional study at a
secondary care hospital diabetes clinic. BMC Obes. 2017;4:21. doi: 10.1186/
s40608-017-0157-1.

26. Tolmunen T, Lehto SM, Heliste M, Kurl S, Kauhanen J. Alexithymia is
associated with increased cardiovascular mortality in middle-aged Finnish
men. Psychosom Med. 2010;72:187–91. doi: 10.1097/PSY.0b013e3181c65d00.

27. Melin EO, Svensson R, Gustavsson S-Å, Winberg A, Denward-Olah E, Landin-
Olsson M, et al. Affect school and script analysis versus basic body
awareness therapy in the treatment of psychological symptoms in patients
with diabetes and high HbA1c concentrations: two study protocols for two
randomized controlled trials. Trials. 2016;17 doi: 10.1186/s13063-016-1347-8.

28. Bocéréan C, Dupret E. A validation study of the hospital anxiety and
depression scale (HADS) in a large sample of French employees. BMC
Psychiatry. 2014;14:1–11. doi: 10.1186/s12888-014-0354-0.

Melin et al. BMC Psychiatry  (2017) 17:335 Page 9 of 10

http://dx.doi.org/10.1038/sj.mp.4001032
http://dx.doi.org/10.1007/s40265-015-0347-4
http://dx.doi.org/10.1530/eje-13-0137
http://dx.doi.org/10.1007/s00125-011-2240-3
https://doi.org/10.2337/diacare.28.6.1339
http://dx.doi.org/10.2337/dc06-2313
http://dx.doi.org/10.2337/dc14-S081
http://dx.doi.org/10.1007/s00125-005-0076-4
http://dx.doi.org/10.2337/diacare.28.2.290
http://www.scb.se/ulf
http://dx.doi.org/10.1038/nature05482
http://dx.doi.org/10.1038/nature05482
http://dx.doi.org/10.2337/dc06-1267
http://dx.doi.org/10.1210/jc.2009-2112
http://dx.doi.org/10.1210/jc.2009-2112
http://dx.doi.org/10.2337/dc09-1796
http://dx.doi.org/10.1016/s2213-8587(13)70211-0
http://dx.doi.org/10.1186/1472-6823-14-75
http://dx.doi.org/10.1016/j.comppsych.2010.09.007
http://dx.doi.org/10.1186/s40608-017-0157-1
http://dx.doi.org/10.1186/s40608-017-0157-1
http://dx.doi.org/10.1097/PSY.0b013e3181c65d00
http://dx.doi.org/10.1186/s13063-016-1347-8
http://dx.doi.org/10.1186/s12888-014-0354-0


29. Melin E. Psychosomatic aspects on diabetes and chronic pain Alexithymia,
depression and salivary cortisol the affect school and script analysis therapy.
Thesis: Lund University, Lund; 2014.

30. Bagby RM, Parker JD, Taylor GJ. The twenty-item Toronto Alexithymia scale–
I. Item selection and cross-validation of the factor structure. J Psychosom
Res. 1994;38:23–32.

31. Bagby RM, Taylor GJ, Parker JD. The twenty-item Toronto Alexithymia scale–
II. Convergent, discriminant, and concurrent validity. J Psychosom Res. 1994;
38:33–40.

32. Simonsson-Sarnecki M, Lundh LG, Torestad B, Bagby RM, Taylor GJ, Parker
JD. A Swedish translation of the 20-item Toronto Alexithymia scale: cross-
validation of the factor structure. Scand J Psychol. 2000;41:25–30.

33. Yaneva M, Kirilov G, Zacharieva S. Midnight salivary cortisol, measured by highly
sensitive electrochemiluminescence immunoassay, for the diagnosis of Cushing’s
syndrome. Cent Eur J Med. 2009;4:59–64. doi: 10.2478/s11536-009-0004-y.

34. Alwani RA, Schmit Jongbloed LW, de Jong FH, van der Lely AJ, de Herder
WW, Feelders RA. Differentiating between Cushing’s disease and pseudo-
Cushing’s syndrome: comparison of four tests. Eur J Endocrinol. 2014;170:
477–86. doi: 10.1530/eje-13-0702.

35. Lavalard E, Szymezak J, Leroy N, Gillery P. Evaluation of variant II analyzer
equipped with the new 270-2101 NU kit (bio-Rad) for HbA 1c assay. Ann
Biol Clin. 2009;67:55–65. doi: 10.1684/abc.2008.0289.

36. Bastien M, Poirier P, Lemieux I, Després J-P. Overview of epidemiology and
contribution of obesity to cardiovascular disease. Prog Cardiovasc Dis.
2014;56:369–81.

37. Arnberg FK, Alaie I, Parling T, Jonsson U. Recent randomized controlled trials
of psychological interventions in healthcare: a review of their quantity,
scope, and characteristics. J Psychosom Res. 2013;75:401–8. doi: 10.1016/j.
jpsychores.2013.08.019.

38. Greenberg LS, Pascual-Leone A. Emotion in psychotherapy: a practice-friendly
research review. J Clin Psychol. 2006;62:611–30. doi: 10.1002/jclp.20252.

39. Mehling WE, Wrubel J, Daubenmier J, Price CJ, Kerr CE, Silow T, et al. Body
awareness: a phenomenological inquiry into the common ground of mind-
body therapies. Philos Ethics Humanit Med. 2011;6:1–6.

40. Cukierman T, Gerstein H, Williamson J. Cognitive decline and dementia in
diabetes—systematic overview of prospective observational studies.
Diabetologia. 2005;48:2460–9.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Melin et al. BMC Psychiatry  (2017) 17:335 Page 10 of 10

http://dx.doi.org/10.2478/s11536-009-0004-y
http://dx.doi.org/10.1530/eje-13-0702
http://dx.doi.org/10.1684/abc.2008.0289
http://dx.doi.org/10.1016/j.jpsychores.2013.08.019
http://dx.doi.org/10.1016/j.jpsychores.2013.08.019
http://dx.doi.org/10.1002/jclp.20252

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants and setting
	Measures
	Data collected from the Swedish National Diabetes Register (S-NDR) and from medical records
	Self-report measures
	Saliva samples, blood samples and anthropometrics

	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

