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Abstract The aim of the present study was to determine

whether a diagnosis of diabetes mellitus (DM) in a primary

setting is associated with an increased risk of subsequent

depression. A retrospective cohort design was used based

on the Registration Network Family Practice (RNH) data-

base. Patients diagnosed with diabetes mellitus at or after

the age of 40 and who were diagnosed between 01-01-1980

and 01-01-2007 (N = 6,140), were compared with age-

matched controls from a reference group (N = 18,416)

without a history of diabetes. Both groups were followed

for an emerging first diagnosis of depression (and/or

depressive feelings) until January 1, 2008. 2.0% of the

people diagnosed with diabetes mellitus developed a

depressive disorder, compared to 1.6% of the reference

group. After statistical correction for confounding factors

diabetes mellitus was associated with an increased risk of

developing subsequent depression (HR 1.26; 95% CI:

1.12–1.42) and/or depressive feelings (HR 1.33; 95% CI:

1.18–1.46). After statistical adjustment practice identifica-

tion code, age and depression preceding diabetes, were

significantly related to a diagnosis of depression. Patients

with diabetes mellitus are more likely to develop sub-

sequent depression than persons without a history of dia-

betes. Results from this large longitudinal study based on a

general practice population indicate that this association is

weaker than previously found in cross-sectional research

using self-report surveys. Several explanations for this

dissimilarity are discussed.
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It is generally known that co-morbid depression is highly

prevalent in persons diagnosed with a chronic illness [1].

Especially, the co-occurrence of depression in persons

diagnosed with diabetes mellitus has been a major topic in

recent epidemiologic research. This research suggests that

depression is more prevalent among adults with diabetes

than in those without this condition [2–4]. More precisely,

a review and meta-analysis involving 42 cross-sectional

studies by Anderson et al. [1] suggests that diabetes dou-

bles the odds of a co-morbid depression [5].
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The impact of depression on patients with diabetes has

also been an area of interest. Gonzales et al. [11] defined

co-morbid depression as a risk factor for nonadherence to

important aspects of diabetes self-care, such as medication

and diet regimens [6]. In addition, diabetic patients with a

depression reported a greater number of physical symptoms

related to diabetes [4], and showed lower levels of meta-

bolic control [7] and quality of life [8].

In the past decade, literature on the association

between diabetes mellitus and depression has grown

considerably. However, the temporal or causal relation-

ship between diabetes mellitus and depression still

remains unclear since only few longitudinal studies have

evaluated diabetes as a risk factor for depression [9].

Most studies that were of longitudinal nature focused on

the relation between depression and the development of a

subsequent diagnosis of diabetes mellitus [10–12] and

have produced contradictory results [10, 13, 14]. The few

studies that did focus on the longitudinal relation between

diabetes and subsequent depression, showed that diabetes

type II is associated with an increased risk of developing

depressive symptoms [13, 15, 16]. However, these studies

were either restricted to small populations [16] or lacked

a proper adjustment for the presence of other chronic

diseases [13, 15]. Consequently, the results of these

studies must be considered less representative for the

general population.

Finally, another major drawback in previous mentioned

longitudinal studies concerns the use of self-report sur-

veys to identify depression (e.g. CES-D [11, 13, 16],

HADS [6], BDI-II [17], PHQ [4]) or self-reported dia-

betes [16]. An important consequence of this differential

assessment is the wide variability in the presence and

strength of the established association between diabetes

and depression [11]. Besides, self-report surveys may not

be the most appropriate measure for the assessment of

depressive disorder for several reasons. Data from self-

report scales cannot be used for making a clinical diag-

nosis of depression. Moreover, by using different cut-off

points to define depression [5], comparison between these

studies is hindered. Finally, health questionnaires are

known to suffer from several conceptual problems. For

example, the results of self-reports and questionnaires are

based on a particular point in time that frequently do not

include information about the intensity or consistency of

the complaints or problems, personal growth or coping

strategies [18].

In the present study, the previously mentioned draw-

backs were defied. The aim of the present study was to

assess the risk of depression over time in patients with

diabetes mellitus compared with those without a history of

diabetes. For this purpose, a large retrospective cohort

study was performed in a large general practice setting.

Methods

Sample frame

The present study was carried out within the context of the

Registration Network Family Practices (RegistratieNet

Huisartspraktijken, RNH). Descriptive background char-

acteristics of samples in other studies which made use of

the RNH database were found to be comparable to the

Dutch population [19]. The RNH is a continuously updated

database, which contains the medical records of patients

from 21 family practices in which 65 general practitioners

(GPs) working in the south of the Netherlands are partic-

ipating. This database includes all relevant current and past

health problems. A health problem is defined as ‘anything

that has required, does or may require health care man-

agement and has affected or could significantly affect a

person’s physical or emotional well-being’ [20]. These

problems are coded in a standardized fashion, according to

the International Classification of Primary Care (ICPC),

using the criteria of the International Classification of

health in Primary Care (ICHPPC-2) [21] and other more

current guidelines of the Dutch College of GP’s. A diag-

nosis is made by the GP or by a medical specialist who is

consulted by the GP. Especially in complex medical con-

ditions, registrations is often based on a specialist diagnosis

reported to the GP. In general, health problems are only

coded by the GP when they are permanent (no recovery

expected), chronic (duration longer than 6 months) or

recurrent (more than three recurrences within 6 months), or

when they have lasting consequences for the functional

status or prognosis of the patient. The database also con-

tains background information on the patient’s sex, date of

birth, marital status, type of household, practice identifi-

cation code and level of education. Membership of the

RNH population ends by migration or death. All patients

included in the RNH database have been informed about

the anonymous use of their health information and are

removed from the database if desired. The quality of the

data is ascertained by ample instruction and training ses-

sions, regular regional consensus groups, quality control

audits, an online thesaurus available during data-entry and

systematic control for erroneous or missing entries [20].

Diagnostic criteria

ICPC is now widely used in Europe as a diagnostic clas-

sification system, which has relations both with ICD-9 and

with other ICD-9 derived systems being used in primary

care [21]. Modified international criteria are followed, as

expressed in the guidelines of the Dutch College of General

Practitioners, for the diagnosis of Diabetes Mellitus (ICPC

code T90) [21].
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The diagnosis of DM requires an elevated glucose level

[fasting plasma glucose levels of 124 mg/dl (6.9 mmol/l)

or more, a fasting capillary glucose level of 108 mg/dl

(6.0 mmol/l) or more, or non-fasting plasma or capillary

glucose level of 198 mg/dl (11.0 mmol/l)] that is con-

firmed using a fasting glucose level a few days later. Since

the disease contents and progress between type I and type

II diabetes may vary considerably, the present study was

aimed at patients with type II diabetes. In order to diminish

the number of patients with DM type I in the present study,

only patients diagnosed with DM at or after the age of

40 years were included.

The diagnosis of depressive disorder (ICPC code P76)

was made in a diagnostic interview conducted by either a

general practitioner or a specialist. According to ICPC

criteria, patients should not be psychotic and comply with

at least three of the following six criteria: (1) sadness or

melancholy more than can be explained by the psychoso-

cial stress, (2) suicidal thoughts or attempt, (3) indeci-

siveness, decreased interest in usual activities or

diminished ability to think, (4) feelings of worthlessness,

self-reproach, or inappropriate or excessive guilt, (5) early

morning wakening, hypersomnia, or early morning fatigue,

or (6) anxiety, hyperirritability, or agitation. The nine

symptoms of a depressive episode described in the DSM-

IV of the American Psychiatric Association are equivalent

to the six criteria of the RNH following ICPC code P76

[21]. Patients who presented themselves with chronic or

recurrent depressive feelings, but who did not fully com-

plied with the requirements for depressive disorder (ICPC

code P76) were coded as having depressive feelings (ICPC

code P03).

Study design

Data were drawn from the RNH database available on

January 1, 2008. Patients with DM in our study were

diagnosed with ICPC code T90 (Diabetes Mellitus Type I

and Type II) between January 1, 1980 and January 1, 2007.

In order to restrict the number of patients with type I dia-

betes, only patients with diabetes mellitus who were

40 years or older at the time of diagnosis were included

(N = 6,140) [3, 22].

The reference group consisted of subjects with no his-

tory of DM. In order to increase the power of the current

study, individuals in the reference group were matched to

the diabetes patients by age (year of birth) and were

assigned the date of diagnosis of their matched counter-

parts as the starting date for their follow-up period.

Each patient was matched (according to year of birth) to

3 controls in the reference group (N = 18,416), except for

4 patients, who could only be matched to 2 controls from

the reference group. Each subject was followed for an

emerging first diagnosis of a depressive disorder. Follow-

up ended on January 1, 2008, or earlier in case of a diag-

nosis of depressive disorder or due to censoring (i.e.

migration or death).

In the sensitivity analyses, each subject was followed for

an emerging first diagnosis of a depressive disorder or the

emergence of depressive feelings (ICPC code P03). Fol-

low-up ended on January 1, 2008, or earlier in case of a

diagnosis of depressive disorder, depressive feelings or due

to censoring (i.e. migration or death).

Statistical analysis

Statistical analyses were conducted using the SPSS statis-

tical software package version 16.0 for Windows (SPSS

Inc., Chicago, IL, USA). An independent T-test was used to

examine a possible difference in mean follow-up time

between the diabetes and the reference group.

Cox proportional hazards survival analysis was applied

in which the effect of diabetes on depression was corrected

for age (ranging from 40 to 97 years), gender, level of

education (3 levels: low, intermediate, and high), number

of chronic co-morbid diseases in 7 categories (ranging

from 0 to 6 diseases, in which the last category coded for 6

or more diseases) (see Appendix Table 2), the practice

where a patient was registered (practice identification code)

and a diagnosis of depression preceding the start of follow-

up. The latter variable coded for all subjects who had a

diagnosis of depression (and/or depressive feelings in case

of the sensitivity analysis) before the starting date of the

follow-up period.

All potential confounders in the analyses were declared

as categorical and coded into dummy variables. Since

patients were matched with controls by age (in years), age

was also declared as a categorical variable. Hazards ratios

(HR) and 95% confidence intervals (CI) are reported. For

the potential confounders the P-value of the survival

analysis was reported. Potential confounders who were not

significantly related (P-values [ 0.05) to a subsequent

diagnosis of depression were excluded from the final

analyses using a backward method.

Two kinds of analyses were conducted. The first anal-

ysis made use of the diagnosis of depression as event

outcome. The second analysis was a sensitivity analysis, in

which the diagnosis of depressive feelings, not complying

with the requirements for depressive disorder, was pooled

with the diagnosis of depression as event outcome.

Results

Descriptive characteristics of the study sample are reported

in Table 1. A significant difference in time until diagnosis
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of depressive disorder between the two groups was found

(P \ 0.001). The mean follow-up was 7.7 years (SD =

5.7) for the diabetes group and 7.9 years (SD = 6.6) for

the reference group. During the follow-up period, 122

patients (2.0%) with diabetes mellitus and 295 persons

(1.6%) of the reference group developed a depressive

disorder.

Gender, co-morbidity and level of education did not

have a significant effect and were therefore removed as

covariates from all statistical analyses.

A diagnosis of diabetes mellitus was significantly

associated with a greater likelihood of developing sub-

sequent diagnosis of depression (HR 1.32; 95% CI: 1.19–

1.48). Statistical adjustment for the remaining confounders

(age, practice identification code and depression preceding

DM) attenuated the strength of this association, but it

remained statistical significant (HR 1.26; 95% CI: 1.12–

1.42) (see Fig. 1).

Adding depressive feelings to the event outcome yielded

similar results. During follow up diabetes patients were

significantly more likely to develop a depressive disorder

and/or depressive feelings (HR 1.27; 95% CI: 1.15–1.41).

After controlling for confounding factors (age, practice

identification code and depression preceding DM) this

association became even slightly stronger (HR 1.31; 95%

CI: 1.18–1.46) (see Fig. 2). After adjusting for the other

variables, practice identification (P = 0.004), age (P \
0.001) and a diagnosis of depression preceding DM

(P \ 0.001) code also showed a significant association

with risk of depression.

Discussion

The present study revealed that a diagnosis of diabetes

mellitus type II at or after the age of forty was associated

with an increased likelihood of developing a subsequent

depression or depressive feelings. After statistical adjust-

ment, practice identification code, age and a diagnosis of

depression preceding the diagnosis of diabetes mellitus

appeared to be significantly related to a subsequent diag-

nosis of depression.

This is the first longitudinal study on the association

between diabetes mellitus and subsequent depression based

on data from general practices. A meta-analysis by

Anderson et al. [1] involving 42 cross-sectional studies

reported that patients with type II diabetes are twice more

likely to experience depressive symptoms than their peers

without diabetes. In contrast, the present results suggest

that patients with diabetes mellitus are 1.12–1.41 (CI)

times more likely to develop depression and 1.18–1.46

times (CI) more likely to develop depression and/or

depressive feelings. Our findings confirm the outcome of

earlier studies in showing an increased incidence of

depression among patients diagnosed with diabetes melli-

tus. However, this association appears to be weaker than

Table 1 Descriptive

characteristics of study

population

a Mean age at date of inclusion

cohort
b For 30.6% of the diabetic

group and 18.1% of the

reference group this information

was missing or not updated; low

is defined as primary school

and/or lower vocational

education, medium as secondary

school and/or medium level

vocational education, high as

higher vocational education

and/or university

Characteristics Patients Controls

(n = 6,140) (n = 18,416)

No. of subjects with depression preceding diabetes (%) 325 (5.3) 863 (4.7)

No. of subjects with depression after diabetes (%) 122 (2.0) 295 (1.6)

Mean age in years (SD)a 63.8 (11.2) 63.8 (11.2)

Mean number of follow-up years (range) 7.7 (0–28) 7.9 (0–28)

Gender

Males (%) 2,953 (48.1) 8,519 (46.3)

Females (%) 3,187 (51.9) 9,897 (53.7)

Number of co-morbid diseases (%)

0 0 (0.0) 3,325 (18.1)

1 0 (0.0) 3,844 (20.9)

2 566 (9.2) 3,367 (18.3)

3 1,003 (16.3) 2,580 (14.0)

4 1,040 (16.9) 1,950 (10.6)

5 929 (15.1) 1,377 (7.5)

C6 2,602 (42.4) 1,973 (10.7)

Educational levelb

Low (%) 3,052 (49.7) 9,483 (51.5)

Medium (%) 945 (15.4) 4,143 (81.4)

High (%) 264 (4.3) 1,460 (7.9)
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found in earlier studies. This discrepancy can be due to a

number of reasons. Firstly, it has been shown that

depression rates are two to three times higher in studies that

use self-reports [5]. For example, self-report measures may

identify a broader spectrum of depressive disorders or

symptoms that may reflect co-morbid psychiatric illness or

general distress [5], which could result in an overestimation

of the prevalence of depression [13]. Secondly, using a

diagnosis of depression preceding DM as a confounder can

have reduced the association between diabetes type II and

depression. Although the association between diabetes and

depression attenuated without this correction, it remained

statistical significant. Finally, in the present study GPs

were not instructed to systematically screen patients for

possible depression or depressive symptoms which could

have led to a lower risk estimate. If this is indeed the case,

the present study reports an underestimation of depression

in diabetes patients. It is important for GPs to be aware of

the fact that patients with type II diabetes are more likely to

experience depression than their peers without diabetes.

Several studies have shown that adherence to a variety of

self-care activities [6] and metabolic control [7] decreases

in diabetes patient as a consequence of co-morbid depres-

sion. Diabetes patients with co-morbid depression also

show a decline in quality of life [8]. Moreover, for

approximately 75% of the people diagnosed with diabetes

mellitus in the Netherlands, the GP is the primary medical

caregiver [23], making the GP the proficient person to

detect depression or depressive feelings. The present find-

ings imply that GPs who are consulted by patients diag-

nosed with DM type II should be especially aware of the

patient’s increased risk of developing depression in the

near future. In short, general practitioners should be alert to

possible early signs of depression in diabetic patients to

ensure early detection and possibly even prevention of a

depressive disorder. Nurse practitioners for diabetes mel-

litus, who assist the general practitioners and provide a

broad range of health care services, could fulfill an

important role in this aspect. Nurse practitioners focus on

patients’ conditions as well as on the effects of the illness

on the lives of the patients and their families and can

therefore serve as a ‘‘point of entry’’ for physical as well as

mental problems diabetes patients encounter. Nurse prac-

titioners could enhance diagnostics by systematically

screen diabetes patients for possible depression or depres-

sive symptoms in order to prevent under diagnosis of

depression in diabetes patients.

Another intriguing finding of the present study was that

practice identification code was significantly associated

with an enhanced likelihood of developing a depression. It

appears that in 3 of the 21 practices involved, a relatively

high percentage of patients is diagnosed with depression

(ranging from 9.5 to 9.8% of the patients) while in 3 of the

Fig. 1 Survival curve corrected for age, practice identification code

and a diagnosis of depression preceding DM

Fig. 2 Survival curve corrected for age, practice identification code

and a diagnosis of depression preceding DM
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21 practices this percentage is noticeably smaller (ranging

from 4.0 to 4.7% of the patients). Hence, it seems plausible

that GPs may differ regarding their inclination to diagnose

a depression. After investigating the most important char-

acteristics of the practices incorporated in the present

study, such as geographic place (defined by postal code) of

a general practice, total number of diagnosed depressive

disorders in the general practice, number and gender of

patients, education of the patients, and number and gender

of GPs in a practice, we were not able to identify any

specific characteristics that could explain this effect. This

diagnostic variability may have important implications for

general practices [24].

Our study has several advantages over previous studies.

This is the first longitudinal study that evaluated the causal

relationship between diabetes mellitus type II and sub-

sequent occurrence of depressive disorder and/or depres-

sive feelings in a general practice based setting.

Consequently, the results seem more representative for the

general population than results of studies conducted in

smaller and more homogeneous samples [17, 25]. Also, the

sample size used in the present study supports the robust-

ness of our risk estimates. Moreover, prior studies com-

monly relied on a variety of self-report surveys which are

known to overestimate the prevalence of depression [5].

The six criteria following diagnosis of depressive disorder

in the RNH database are essentially comparable to the nine

symptoms of a depressive episode described in the DSM-

IV of the American Psychiatric Association [21]. These

criteria are a solid foundation for making a uniform diag-

nosis of depression by GPs.

Despite the previous mentioned strengths, our findings

must be interpreted in light of some possible limitations.

First, since the RNH database does not make a clear dis-

tinction between diabetes type I and type II, the present

study only included patients diagnosed with diabetes mel-

litus at or after the age of 40 years. Consequently, it can not

be ruled out that none of the diabetes type I patients were

included. Second, the total number of conditions registered

in the RNH database reflects the GPs perspective of the

health status and relevant health problems of his patients.

As a result, some health problems may be missing because

the patient did not report them to the GP or because the GP

does not judge them to be clinically significant [26]. The

number of missing health problems, however, appears to be

rather small [19]. Furthermore, GPs have a tendency to use

a diagnosis primarily as a mean to reach the goal of helping

the patient and not as a goal in itself [18]. This is not the

case in questionnaires and self-reports, which could have

resulted in an underestimation of the prevalence of

depression. Due to the very large follow-up period (01-01-

1980 to 01-01-2008) it may be argued that no state of the

art impression of the association between diabetes and

subsequent depression is given. However, an additional

analysis involving a smaller, more recent period of time

(01-01-1995 to 01-01-2008) yielded similar results.

Moreover, an analysis with a follow-up period of only

6 months was also conducted, which gave similar results.

Finally, one of the drawbacks of studies that combine data

from multiple practices is the between practice variability

[19]: it is generally assumed that some variability exists

between general practitioners in making a diagnose [24].

Possibly, this between practice variability may have

resulted in the effect that code of practice has on the

development of depression.

Further research is warranted to investigate a multitude

of unanswered questions. More well-conducted research

with adequate control for confounding factors is needed to

investigate the causal relationship between diabetes and

depression mellitus more in depth. In particular, the

influence of practice setting on the longitudinal associa-

tion between diabetes and depression should be studied in

more detail. Future research should also explore the role

of other confounding factors. For example, the influence

of psychosocial and social-economic factors on the asso-

ciation between diabetes and depression needs to be

elucidated.

In conclusion, the present research adds to the evidence

concerning the association between diabetes mellitus type

II and depression, in that this association also holds in a

longitudinal setting in a large general practice population.

The present results indicate, however, that patients with

diabetes mellitus are less likely to develop a subsequent

depression than was expected based on previous research.
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