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Aim: To assess the effect of depression on all-cause mortality in patients with type 2 dia-

betes mellitus (T2DM) followed up during 8 years in primary care in Spain.

Methods: Depression was diagnosed according to MINI 5.0.0 questionnaire, physician-

diagnosis or following antidepressant therapy for at least two months in 3923 people with

T2DM. We analyzed mortality-rates/10,000 person-years. We compared survival according

to baseline depression with Kaplan-Meier estimates and the log-rank test. We performed

Cox proportional hazard model analyses.

Results: Baseline depression was diagnosed in 22.1% of participants. Mortality was higher

in patients with depression (31.9% vs. 26.9%; p = 0.003), who had a significantly poorer sur-

vival (median survival = 7.4 vs. 7.8 years, respectively; Log Rank = 15.83; p < 0.001). Depres-

sion showed an adjusted mortality hazard ratio (HR) = 1.40 (95%CI:1.20–1.65; p < 0.001). The

strongest predictive factors were: age >75 years (HR = 6.04; 95%CI:4.62–7.91; p < 0.001), insu-

lin use (HR = 2.37; 95%CI:1.86–3.00; p < 0.001), lower limb amputation (HR = 1.99; 95%CI:1.28–

3.11; p = 0.002), heart failure (HR = 1.94; 95%CI:1.63–2.30; p < 0.001), and male gender

(HR = 1.90; 95%CI:1.59–2.27).
drid, Spain.
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Conclusion: In a Spanish cohort of older T2DM patients, depression was associated with a

higher mortality risk. More efforts are needed to minimize the influence of depression

on mortality in people with T2DM and to implement measures that allow its early diagno-

sis and effective treatment.
� 2021 The Author(s). Published by Elsevier B.V. This is an open access article under theCCBY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction effect of depression on all-cause mortality in older patients
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Fig. 1 – DIADEMA Study selection flow-diagram. * According

to their preferences, patients were invited to participate in a

psychological evaluation carried out by a psychologist or by

their general practitioner (2955 chose evaluation with

psychologist and 989 with their general practitioner; 21 of

the latter died before the evaluation).
It is currently estimated that 8–9% of adults worldwide have

type 2 diabetes mellitus (T2DM), and a substantial increase

has been observed in recent years [1]. The prevalence of DM

in the Spanish population is even higher, reaching 13.8% [2].

DM is recognized as an important determinant of premature

death, disability, morbidity, and increased health costs [3].

Depression is a common and serious psychiatric condition

that seriously impairs the quality of life for those who suffer

from it. It is a heterogeneous disorder diagnosed based on

clinical symptoms and the degree of associated functional

impairment. The clinical presentation of depression in the

elderly may differ from that of the young adult, with less

common lower mood than in younger adults; however, irri-

tability and somatic symptoms may be more frequent. It is

often associated with somatic comorbidity, as diabetes.

It is estimated that the prevalence of depression in

patients with a previous diagnosis of DM is in a wide range

between 8% and 41% depending, among other aspects, on

whether the diagnosis of depression is based on a clinical

evaluation of the use of questionnaires [4,5].

The relationship between depression and the presence of

diabetes and its complications appears to be bi-directional

[6]. On the one hand, depression seems to confer a higher risk

of diabetes onset, mainly due to inactivity and secondary

effects of antidepressant drugs [7]. On the other hand, people

with diabetes have to struggle with the psychological burden

of having a chronic disease with well-known complications.

Moreover, antidiabetic drugs may have secondary effects that

potentially affect behaviour, and early structural brain alter-

ations have been described in people with diabetes [8].

The prognosis of patients with DMwho are diagnosedwith

depression is usually worse than in patients without depres-

sion related to an increased risk of cardiovascular disease and

mortality [9]. Depression is associated with a higher probabil-

ity of undiagnosed hypertension, and clinicians should be

aware that people with depression are less likely to quit

smoking and to have an optimal glycemic control [10].

Little is known about the effect of depression on mortality

in older chronic patients with diabetes mellitus from Mediter-

ranean countries. Our conceptual hypothesis is that it may be

lower than the 1.47-fold increased risk of mortality found in

the United States, Australia, and northern, central and east-

ern European countries [9], given the most significant family

support and the lower percentage of older adults living alone

in southern Europe [11], and a healthier lifestyle pattern [12].

In contrast, it has been shown that the small social network

size is more prevalent in southern than in northern, central,

and western European countries [13]. For this reason, we

aimed to study our hypothesis and to assess the adjusted
with T2DM followed in primary care in Spain for eight years,

to compare our results with similar studies in the northern,

central, and eastern European countries, and to establish if

this eventual effect is modified by age.

2. Material and methods

This cohort study was approved by the Institutional Review

Board of the Ramón y Cajal Hospital (Madrid), and conducted

by the principles of the Declaration of Helsinki. All patients

gave written informed consent to participate in the study.

The methodology of the DIAbetes and DEpression in

Madrid (DIADEMA) study has been described in detail else-

where [14]. Briefly, it is a large prospective dynamic cohort

(the MADIABETES cohort) of outpatients with T2DM living in

Madrid, Spain. There were two phases of recruitment: the for-

mer took place in 2007 and included 3443 patients; the latter,

in 2010, included other 727 patients.

Fifty-six Primary Health Care Centres (PHCC) were selected

by stratified sampling in order to represent the different

health areas and the large and small PHCC of the urban and

interurban areas. In both recruitments the participants were

selected by simple random sampling by participating general

practitioners (GPs) based on the list of patients with a diagno-

sis of T2DM in their electronic clinical records. The inclusion

criteria were: a diagnosis of T2DM, age �30 years, visit to a

http://creativecommons.org/licenses/by-nc-nd/4.0/
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PHCC at least twice in the previous year, and agreement to

take part in the study providing written informed consent.

Patients were excluded for the following reasons: diagnosis

of gestational diabetes mellitus, being institutionalized,

inability to understand Spanish, severe chronic diseases or

significant physical or psychological disabilities that might

invalidate informed consent or interviews (according to clin-

ical judgement), legal incompetence or legal guardianship,

and participation in clinical trials.

Therefore, 4170 T2DM patients made up the cohort as a

whole, out of which 3944 remained alive by January 2011,

and they thus constituted the study population (Fig. 1).

Throughout 2011 all patients were invited to participate in a

psychologist evaluation, and 75% of them (2995) agreed. The

remaining 25% (989) reported as their principal reason to

decline not having enough time to participate andwere exclu-

sively evaluated by their GP (face-to-face consultation) to

establish depression during 2011 as well.

A single trained psychologist conducted the evaluation

during 2011 using 1740 h (35 min per patient). The psycholo-

gist’s clinical evaluation was based on three steps:

1. The MINI 5.0.0 questionnaire. When it was possible these

results were subsequently discussed by phone with the

GP. If there were discrepancies between the MINI question-

naire results and the GP’s judgment, the questionnaire was

considered a possible false positive.

2. The presence of symptoms compatible with depression

(clinical judgment).

3. The use of antidepressant agents for at least 60 days under

supervision by a psychiatrist or other prescribing clini-

cians, as defined by other authors [15].

When MINI 5.0.0 was not positive for depression or was

considered a possible false positive, but there were symptoms

compatible, and at least 60 days under treatment with antide-

pressant agents, the diagnosis of depression was established.

The GP evaluation was identical for the second and third

steps; for the first step, some items of MINI 5.0.0 were used

in the anamnesis. GPs were previously trained in a psychiatric

interview in clinical practice based on the good practice guide

in depression and anxiety.

(https://www.cgcom.es/sites/default/files/guia_depresion_

ansiedad_2_edicion.pdf) (accessed on 10 December 2020).
2.1. Tools

MINI 5.0.0 was administered over-the-phone as other studies

previously carried out [16,17]. It has a time frame of two

weeks and for major depression diagnosis it has 96% sensitiv-

ity (4% of false negatives) and 88% specificity compared with

both the SCID-P and the CIDI questionnaires [17].
2.2. Measures

T2DMwas defined according the code T90 of the International

Classification of Primary Care (ICPC-2) written in primary

health records and confirmed by the patient’s GP.
Patients were classified according to age in three groups,

from lower (<65 years) to higher (>75 years) risk of developing

cardiovascular events and a higher chronic disease burden, as

in previous research [18].

The vital status of the patients was ascertained from two

mortality national records: Índice Nacional de Defunciones

(Death National Index) (https://www. msssi. gob. es/

estadEstudios/estadisticas/ estadisticas/ estMinisterio/ IND_

TipoDifusion.htm) and Instituto Nacional de Estadı́stica

(Statistics National Institute) (http://www. ine. es).

Physical activity was measured using a simple question-

naire based on the Spanish National Health Survey 2006, with

three dichotomous categories (yes/no): Sedentary physical

activity (a light physical activity such as walking, gardening,

light gymnastics, games that require little effort, and similar);

low physical activity (a moderate physical activity such as

cycling, gymnastics, aerobics, running, swimming);

moderate-vigorous physical activity (an intense physical

activity such as soccer, basketball, cycling or competitive

swimming, judo, karate, or similar). Educational level was cat-

egorized as follows: not completed, primary, secondary, and

university.

Data concerning disease episodes (coded in ICPC-2), pre-

scription of medication (coded according to the Anatomical

Therapeutic Chemical classification system), laboratory

results, anthropometric variables and use of care facilities

were obtained from the electronic health records (EHR). The

EHR for primary healthcare in the Madrid Health Service

was administered by the AP-Madrid software. EHR registra-

tion is continuously updated in primary healthcare centres

under routine clinical practice conditions, and once a year,

data are transferred to our central database.

For the following variables: Body mass index (BMI), LDL

cholesterol, HDL cholesterol, total cholesterol, triglycerides,

HbA1c, systolic blood pressure, and diastolic blood pressure,

values were collected yearly.

The rates of missing values were low (<10%) for the vari-

ables: BMI, blood pressure, lipid values, and HbA1c; and very

low (<3%) for: duration of diabetes, family history of diabetes,

type of diabetes treatment, smoking, alcohol use, physical

activity, marital status, educational level, and employment

status. There were no missing values for complications,

comorbidities, and psychosocial variables. When possible

(under normality of the data distribution, homogeneity of

the variance, independence of the observations, intervals pre-

served proportionality), missing values were imputed using

the last observation carried forward approach (LOCF).

The EHR database (AP-Madrid) has been validated for use

in research on health sciences [19] and has been extensively

used in outcomes research [20,21].

2.3. Statistical analysis

Data are presented as proportions, means (standard devia-

tion, SD) or, in the case of variables that did not conform to

a normal distribution, medians (interquartile range). Stu-

dent’s t test was used for comparison of two means, whilst

the v2 test was used for two or more proportions. A signifi-

cance level of p < 0.05 was used throughout.

https://www.cgcom.es/sites/default/files/guia_depresion_ansiedad_2_edicion.pdf
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Mortality was expressed regarding the incidence density

(cases per 10,000 person-years of follow-up). To determine

the incidence density, we calculated the number of patients

with a new episode of depression, divided by the sum of

person-years at risk. Patients contributed person-years to

the denominator starting whenever they were evaluated by

the psychologist or GPs, until the date they died, were lost

to follow-up, or the study was concluded (February 28,

2020), whatever came first. All-cause mortality rates among

men and women, and according to age groups (<65, 65–75

and >75 years) were compared using 95% confidence intervals

(CIs) calculated by the Poisson distribution. Cumulative sur-

vival curves constructed using Kaplan–Meier estimates for

patients remaining alive in the two groups defined by baseline

depression status were compared using log-rank tests. Also,

the survival curves were stratified by sex to see whether sur-

vival differed between males and females.

Survival analysis was performed using Cox proportional

hazard models. Our predictor was depression status defined

as not-depressed vs. depression. The outcome of interest was

death, and this was examined as all-cause mortality. Other

variables were used as covariates to control for demographic

information (age, sex, education level), clinical characteristics

(cardiovascular diseases, heart failure, lower limb amputation,

cancer, diabetes duration, microvascular complications), labo-

ratory test (HbA1c, total cholesterol, LDL cholesterol, HDL

cholesterol, triglycerides) and health-related behavioural vari-

ables (smoking, alcohol, physical activity, social support).

We performed a step-by-step analysis and established a

complete initial model including all the significant variables

in the univariate analysis plus potential confounders. We

determined by significance tests the possible interactions

between the primary predictor variable and the rest of the

model variables, comparing the complete initial model with

a model without interactions using a chunk test (likelihood-

ratio test). We discarded the existence of interactions such

as depression and sex, or depression and age.

A sensitivity Cox regression analysis was performed in

2995 patients evaluated by a psychologist (the MINI 5.0.0

questionnaire) to study possible differences between this sub-

sample and the overall sample.

All the statistical analyses were performed using the Sta-

tistical Package for the Social Sciences (SPSS for Windows,

V.21.0; IBM Corp, Armonk, New York, USA).
3. Results

A total of 21 patients died in 2011 before being reached for

interview by the psychologist or GPs (Fig. 1). A diagnosis of

depression was established in 867 participants (22%), 691 of

the 2955 patients who were interviewed by the psychologist

(23.4%), and 176 of the 968 patients with interviews with

GPs (18.2%).
3.1. Population demographics and baseline clinical
characteristics

The distribution of sociodemographic variables (age, sex, edu-

cational level, marital status, employment status, country of
origin), clinical characteristics (cardiovascular diseases, heart

failure, lower limb amputation, cancer, diabetes duration),

medication profile, laboratory results, anthropometric vari-

ables and lifestyle and self-care variables (use of tobacco,

alcohol, physical activity) stratified by depression status are

showed in Table 1.

Patients with depression were significantly older, more

likely to be female, less likely to be married, and had less fre-

quently completed educational level than those without

depression. They also had a longer duration of T2DM, a heav-

ier family history of T2DM, weremore likely to be treated with

insulin (alone or with oral antidiabetic agents), with a higher

proportion of never-smokers, and were less likely to be phys-

ically active. A significantly higher proportion of them had a

history of cardiovascular events, renal failure, and neuropa-

thy as compared with people without depression.

The patients who chose the evaluation by the GP were

older (>75 years 58.4% vs. 38.2%, p < 0.01) and more likely

women (51.5% vs. 48.1%, p = 0.044) and showed a higher bur-

den of disease (cardiovascular disease 35.5% vs. 27.4%,

p < 0.01; heart failure 18.2% vs. 8.8%, p < 0.01), but lower clas-

sic complications related to T2DM (retinopathy 10.3% vs. 15%,

p < 0.01; neuropathy 8.1% vs. 10.1%, p = 0.04; nephropathy 10%

vs. 13.5%, p < 0.01).

3.2. Mortality

During a median follow-up of 8.1 years, 1104 patients died

(28.0%). The overall mortality rate was 430.3 (95%CI, 404.9–

455.7) per 10,000 patient-years; 460.5 (95%CI, 423.3–497.7) per

10,000 patient-years in males, and 400.2 (95%CI, 365.6–434.8)

per 10,000 patient-years in females, respectively. Grouping

patients by age showed a progressive increase in themortality

rate: per 10,000 patient-years, 101.7 (95%CI, 79.6–123.9) for

<65 years, 265.2 (95%CI, 230.5–300) for 65–75 years, and 863.7

(95%CI, 803.9–923.6) for >75 years (Table 2).

There were significant differences in the mortality rates

between patients with and without depression (31.9% vs.

26.9%, respectively; p = 0.003). Mortality in patients >75 years

with depression was 9.6% higher (mortality rate ratio = 1.096)

than in those without depression (925 vs. 843.9 per 10,000

patient-years, respectively), and the difference was even

higher (20.5%) in patients between 65 and 75 years (306.6 vs.

254.4 per 10,000 patient-years, respectively). However, in

patients <65 years, mortality was 23.6% lower in people with

depression (81.6 vs. 106.8 per 10,000 patient-years, respec-

tively) (Table 2).

3.3. Survival analyses and factors associated with
survival

The Kaplan–Meier survival curves showed a significantly

poorer survival in patients with depression than in patients

without depression (median survival = 7.8 vs. 7.4 years,

respectively; Log Rank = 15.83; p < 0.001) (Fig. 2). The magni-

tude of the difference between patients with and without

depression was greater in men (median survival = 7.7 vs.

6.7 years, respectively; Log Rank = 22.74; p < 0.001) than in

women (median survival = 7.9 vs. 7.6 years, respectively; Log

Rank = 6.15; p = 0.013).



Table 1 – Baseline characteristics of 3923 patients with type 2 diabetes mellitus (T2DM) stratified by depression status.

With depression (n = 867) Without depression (n = 3056) p value

Sociodemographic variables
Gender (female); % (n) 69.3 (601) 43.6 (1331) <0.001
Age (years); mean (SD) 72.5 (10.4) 71.1 (11.1) <0.001
Country of origin (foreign-born); % (n) 0.9 (8) 2.1 (64) 0.023
Marital status; % (n) <0.001

Single without partner 3.1 (27) 3.6 (110)
Single with partner 1.4 (12) 1.5 (46)
Married 47.6 (413) 52.5 (1606)
Divorced 3.5 (30) 3.1 (94)
Widowed 23.9 (207) 13.4 (408)
Not specified 20.5 (178) 25.9 (792)

Educational level; % (n) <0.001
Not completed 20.1 (174) 14.4 (440)
Primary 59.7 (518) 60.2 (1841)
Secondary 13.0 (113) 15.2 (463)
University 7.2 (62) 10.2 (312)

Employment status; n (%)
Employed 7.4 (64) 12.9 (394) <0.001

Variables related to diabetes
Duration of diabetes (years); mean (SD) 24.0 (10.4) 22.9 (9.9) 0.003
Family history of diabetes (yes); % (n) 64.0 (555) 60.9 (1860) 0.092
Type of diabetes treatment; % (n) <0.001

Only diet 7.8 (68) 7.5 (228)
Oral antidiabetic agents 44.7 (388) 49.4 (1510)
Insulin 7.2 (62) 5.6 (171)
Oral antidiabetic agents + insulin 20.8 (180) 15.1 (461)
Not specified 19.5 (169) 22.4 (686)

Lifestyle and self-care
Smoking habit; % (n) <0.001

Never smoker 62.5 (542) 50.1 (1530)
Former-smoker 28.3 (245) 38.2 (1168)
Smoker 9.2 (80) 11.7 (358)

Current regular alcohol use; % (n) 16 (139) 25.2 (770) <0.001
Physical activity; % (n) <0.001

Sedentary 14.1 (122) 6.9 (211)
Low 82.6 (716) 87.0 (2660)
Moderate-vigorous 3,3 (29) 6.1 (185)

Clinical risk factors
BMI (kg/m2); mean (SD) 31.3 (8.2) 29.8 (8.1) <0.001
Systolic blood pressure (mmHg); mean (SD) 130.6 (12.6) 131.5 (12.9) 0.083
Diastolic blood pressure (mmHg); mean (SD) 73.9 (7.5) 74.4 (7.5) 0.076

Biochemical risk factors
HbA1c (%); mean (SD) 7.07 (1.1) 7.09 (1.2) 0.740
Triglycerides; mean (SD) 149.6 (79.5) 140.7 (87.6) 0.007
Total cholesterol; mean (SD) 183.9 (38.3) 177.8 (35.8) <0.001
LDL cholesterol; mean (SD) 104.3 (28.9) 103 (27.2) 0.204
HDL cholesterol; mean (SD) 50.2 (13) 48.5 (12.5) <0.001

Complications and comorbidities
Cardiovascular event; % (n) 31.8 (276) 27.5 (841) 0.013
Heart failure; % (n) 11.5 (100) 9.8 (298) 0.125
Lower limb amputation; % (n) 1.0 (9) 1.4 (43) 0.402
Nephropathy; % (n) 14.0 (121) 13.1 (399) 0.490
Neuropathy; % (n) 14.5 (126) 8.8 (270) <0.001
Retinopathy; % (n) 15.3 (133) 14.2 (434) 0.400
Renal failure; % (n) 15.7 (136) 13.0 (396) 0.038

Psychosocial variables
Family history of depression (Yes); % (n) 7.2 (62) 4.4 (135) 0.001
Personal history of depression (Yes); % (n) 39.3 (341) 7.1 (216) <0.001
SD: Standard deviation. BMI: Body mass indexindex
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Table 2 – Age-specific crude mortality rates, stratified by depression status, and crude mortality rate ratio.

Age Group Depression Status N Deaths Person-years MR per 10,000 person-years 95%CI MRR

<65 years Non depression 860 68 6366.2 106.81 81.42–132.20 0.76
Depression 208 13 1593.2 81.59 37.24–125.90

65–75 years Non depression 956 170 6683.2 254.36 216.13–292.61 1.20
Depression 251 54 1761.3 306.59 224.77–388.37

>75 years Non depression 1240 589 6979.8 843.86 775.71–912.01 1.09
Depression 408 210 2270.3 924.98 799.88–1,050.09

Total 3923 1104 25,654 430.34 404.9–455.7

MR: Mortality Rate (deaths/person-years).

MRR: Mortality Rate Ratio (MR in patients depressed / MR in patients non-depressed).

95%CI: 95% Confidence Interval.

Fig. 2 – Kaplan-Meier Survival Curves: Depression vs.

Without depression.

6 d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 6 ( 2 0 2 1 ) 1 0 8 8 6 3
When analysing factors associated with incidence of all-

cause mortality, depression showed an adjusted HR = 1.40

(95%CI, 1.20–1.65; p < 0.001), which was slightly higher in

males (HR: 1.44; 95%CI, 1.13–1.84) than in females (HR: 1.33;

95%CI, 1.07–1.66), although the confidence intervals

overlapped.

The predictive factors showing a HR > 1.5 were:

age > 75 years (HR = 6.04; 95%CI, 4.62–7.91; p < 0.001), use of

insulin alone (HR = 2.37; 95%CI, 1.86–3.00; p < 0.001), previous

lower limb amputation (HR = 1.99; 95%CI, 1.28–3.11; p = 0.002),

history of heart failure (HR = 1.94; 95%CI, 1.63–2.30; p < 0.001),

male gender (HR = 1.90; 95%CI, 1.59–2.27), no intake vs. intake

of alcohol (HR = 1.71; 95%CI, 1.41–2.07; p < 0.01), and history of

cancer (HR = 1.62; 95%CI, 1.38–1.89; p < 0.001) (Table 3).

A sensitivity analysis done in 2,995 patients evaluatedwith

the MINI 5.00 questionnaire revealed comparable results

(Supplementary Table 1), except for the positive result of the

MINI 5.0.0 questionnaire, which showed a higher effect for

all-cause mortality (HR = 1.96).

The Kaplan–Meier survival curves showed a significantly

lower survival in patients with depression than in patients
without depression (median survival = 7.4 vs. 7.8 years,

respectively; Log Rank = 15.83; p < 0.001) (Fig. 2). The magni-

tude of the difference between patients with and without

depression was greater in men (median survival = 6.7 vs.

7.7 years, respectively; Log Rank = 22.74; p < 0.001) than in

women (median survival = 7.6 vs. 7.9 years, respectively; Log

Rank = 6.15; p = 0.013).

4. Discussion

4.1. Depression status

At baseline, depression was diagnosed in 22% of our cohort

patients, more often in older ages with long-standing T2DM

and prevalent cardiovascular conditions. Similar figures have

been reported in other studies [22].

4.2. Mortality

Our findings support that depression substantially increases

the probability of death in patients with diabetes, the effect

being greater in men than in women. Some authors have

reported a loss of the effect when adjusted for baseline

microvascular and macrovascular complications [23]. Our

study suggests that depression by itself is an independent

predictor of all-cause mortality beyond long-term vascular

established complications of T2DM.

The study’s conceptual hypothesis was that given that the

Spanish people and other southern European citizens have a

significantly higher family support, lower percentages of

older adults living alone [11] and a healthier lifestyle pattern

[12], the effect of depression on mortality could be tempered

by these circumstances. However, our findings are similar to

those reported for several meta-analyses [9,24,25], in which

no Spanish or southern European studies were included. A

possible explanation could be that the small social network

size is more prevalent in southern than in the northern, cen-

tral, and western European countries [13]. This phenomenon

could have a deleterious effect on mortality.

In people under 65 years old, depression was associated

with a lower mortality rate than no-depression (Mortality

Rate Ratio (MRR) = 0.76), whereas in people having 65 years

old and older, depression was associated with higher mortal-

ity rates. We do not have a sure explanation for this finding.



Table 3 – Factors associated with mortality (Cox regression analysis).

HR 95% CI P-value

Depression

No 1

Yes 1.40 1.20–1.65 <0.001

Gender

Female 1

Male 1.90 1.59–0.2.27 <0.001

Age

<65 years 1

65–75 years 2.33 1.76–3.09 <0.001

>75 years 6.04 4.62–7.91 <0.001

Duration of T2DM (years) [per unit of increment] 0.99 0.99–0.99 <0.001

Educational level

University 1

Not completed 1.17 0.87–1.57 0.289

Primary 1.19 0.91–1.55 0.200

Secondary 1.32 0.97–1.80 0.077

Smoking

Never smoker 1

Former smoker 0.86 0.72–1.01 0.072

Current smoker 1.14 0.88–1.48 0.320

Current Alcohol use

Yes 1

No 1.71 1.41–2.07 <0.001

Physical activity

Moderate-Vigorous 1

Sedentary 2.03 1.18–3.48 0.010

Low 1.99 1.21–3.30 0.007

Diabetes treatment

Oral antidiabetic agents 1

Oral antidiabetic agents + insulin 1.24 1.02–1.51 0.033

Insulin 2.37 1.86–3.00 <0.001

Diet alone 1.08 0.83–1.41 0.572

Unknown 1.41 1.18–1.68 <0.001

BMI (kg/m2) [per unit of increment] 0.99 0.99–1.01 0.875

Systolic BP (mmHg) [per unit of increment] 1.00 1.00–1.01 0.063

Diastolic BP (mmHg) [per unit of increment] 0.98 0.97–0.99 <0.001

HbA1c (%) [per unit of increment] 1.00 0.94–1.07 0.914

Total cholesterol (mg/dl) [per unit of increment] 1.00 0.99–1.01 0.454

LDL cholesterol (mg/dl) [per unit of increment] 0.99 0.99–1.00 0.491

HDL cholesterol (mg/dl) [per unit of increment] 0.99 0.98–1.00 0.360

Triglycerides (mg/dl) [per unit of increment] 1.00 0.99–1.00 0.496

Neuropathy

No 1

Yes 0.96 0.79–1.17 0.678

Nephropathy

No 1

Yes 1.39 1.17–1.64 <0.001

Retinopathy

No 1

Yes 1.20 1.02–1.43 0.033

Family history of depression

No 1

Yes 1.02 0.74–1.42 0.890

Personal history of depression

No 1

Yes 0.83 0.67–1.04 0.110

Social support (network size) [per unit of increment] 0.99 0.98–1.00 0.090

History of cancer

No 1

Yes 1.62 1.38–1.89 <0.001

Cardiovascular disease

No 1

Yes 1.46 1.26–1.68 <0.001

Heart failure

No 1

Yes 1.94 1.63–2.30 <0.001

Lower limb amputation

No 1

Yes 1.99 1.28–3.11 0.002

HR: Hazard ratio.

CI: Confidence interval.

T2DM: Type 2 diabetes mellitus.

BMI: Body mass index.

BP: Blood pressure.
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Different baseline characteristics between people under vs.

over 65 years old such as educational status, income, or occu-

pational status, might account for the differences observed.

We might also argue that younger people with depression

and T2DM have higher health care utilization rates than peo-

ple without depression and, therefore, are more likely to

receive medical attention and nursing care that might

improve their prognosis, but this is merely speculative. We

are not aware of studies reporting this heterogeneous MRR

according to age in diabetic people stratified by depression

status.

In our study, patients older than 75 years who suffered

depression had a MRR of 1.09 compared with those without

depression. It is well known that establishing a diagnosis of

depression in older patients is more complicated than for

younger patients due to multimorbidity and cognitive dys-

function [26]. We believe that the MRR seen in the age group

between 65 and 75 years was higher (MRR = 1.20) for this rea-

son. In any case, an early depression diagnosis and adequate

treatment should move the MRR to close to one in any age

group.

Concerning relative risks (or hazard ratios in Cox regres-

sion), our data show increases with advancing age, as previ-

ously reported in other studies [27].

Lastly, in the multivariate survival analysis, self-reported

alcohol intake was associated with lower mortality risk in

depressed people with T2DM. This finding has been previ-

ously referred to in T2DM people who consume alcohol mod-

erately [28]. Also, in Spain, the group referring to any-alcohol

intake might be including people with an otherwise healthier

lifestyle. Additionally, they could be integrated into more fre-

quent social activities and personal relationships, with poten-

tial benefits on depressive symptoms and long-term

outcomes [28].

The sensitivity analysis showed similar findings for all

variables, except for the MINI 5.0.0 evaluation. As previously

referred, false-positive results are possible in those patients

who present with multiple somatic complaints due to multi-

morbidity. This fact could justify a higher risk of mortality in

patients with a positive result of the questionnaire. For this

reason, we think that it is more appropriate for the MINI

questionnaire to be discussedwith the GP and to use the com-

bined variable of depression to reduce false-positive results.

Moreover, combined variables usually reduce false-negative

results.

Some limitations must be considered. First, the GP evalua-

tion could have a lower diagnostic accuracy for depression

than the psychologist evaluation. This situation would result

in a misclassification bias, and the effect of depression on

mortality would undoubtedly be higher and closer to the

1.50 showed in a recent meta-analysis [26]. Indeed, our sensi-

tivity analysis showed a higher effect of the MINI 5.0.0 ques-

tionnaire positive on all-cause mortality than depression as

a combined variable.

Second, we did not evaluate the depression fluctuations

and length in time, and it is easy to suppose that those

patients who had an extensive evolution were more likely to

present complications and die.
Third, during the last three years of follow-up, we did not

have information on the cause of mortality and, therefore,

either on suicides. The cardiovascular mortality outcome

would have been more consistent with the hypothesis that

a worse evolution of diabetes due to having depression would

have turned into more significant cardiovascular morbidity

and higher mortality from this cause.

Fourth, the two recruitment periods could have generated

a patients’ selection bias concerning possible prognostic dif-

ferences at baseline. However, both recruitments were made

by random sampling, which is a change from other open or

dynamic cohorts, in which patients usually enter for conve-

nience or whenever they meet entry criteria.

The main strength is that we used many adjustment vari-

ables in the analysis, which has made it possible to avoid con-

founding biases and compare the effect on mortality of

depression and other predictive factors. Our study is also a

well-characterized cohort that has been analyzed since

2007, and the GPs have accumulated enough experience in

collecting data and evaluating complications.

5. Conclusion

We found higher mortality in people with depression

included in a longitudinal primary care cohort of patients

with T2DM. According to age groups, some non-significant

heterogeneity was found since depression seemed to be asso-

ciated with lower mortality risk in people under 65 years old.

Older age, male gender, and associated medical conditions

independently predicted mortality risk. More research efforts

should be made to understand and minimize the influence of

clinical depression on mortality in people with diabetes.
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MJ Gomara-Martı́nez; C Bello-González; A Pinilla-Carrasco;
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