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Abstract 

Aims: To investigate the association between depressive symptomatology and health markers in type 1 

diabetes. 

Methods: Four countries from the InterDiane Consortium had adopted the Finnish Diabetic Nephropathy 

Study protocol, including the Beck Depression Inventory (BDI). Associations between depression 

symptomatology, diabetes complications (diabetic nephropathy, proliferative retinopathy, major adverse 

cardiovascular events [MACE]) and vascular risk factors (metabolic syndrome, body mass index, glycaemic 

control) were investigated. 

Results: In a sample of 1046 participants (Croatia n=99; Finland n=314; Latvia n=315; Lithuania n=318), 

13.4% displayed symptoms of depression (BDI score ≥16) with no statistically significant difference in the 

prevalence of depression among the cohorts. The highest rates of diabetic nephropathy (37.1%) and 

proliferative retinopathy (36.3%) were observed in Lithuania. The rates of MACE and metabolic syndrome 

were highest in Finland. In joint analyses, individuals exhibiting depression symptomatology had higher 

HbA1c (79 vs. 72 mmol/mol, p<0.001) and higher triglyceride concentration (1.67 vs. 1.28 mmol/l, p<0.001), 

than those without. In the multivariable model, BDI score was positively associated with the presence of 

diabetic nephropathy, proliferative retinopathy, MACE, and metabolic syndrome and its triglyceride 

component. Moreover, BDI score was positively associated with the number of metabolic syndrome 

components, triglyceride concentration, and HbA1c.  

Conclusions: Comorbid depression should be considered a relevant factor explaining metabolic problems 

and vascular outcomes. Causality cannot be inferred from this cross-sectional study. 
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1. Introduction 

Depression is a common feature in diabetes [1]. Comorbid depression negatively impacts the quality of life 

[2] and increases the medical symptom burden [3], diabetes symptom severity [4], and health-care costs 

[5]. Symptoms of depression, such as loss of interest in activities, loss of energy, and feelings of 

worthlessness, may compromise the appropriate self-management. Accordingly, comorbid depression has 

been associated with worse glycaemic control in type 1 diabetes [6,7]. However, results showing no 

association between depressive mood and glycaemia have also been reported [8,9].  

Depressive mood may increase the risk for various diabetes-related long-term complications [10–12]. Most 

of the studies in this field have been conducted in individuals with type 2 diabetes, limiting the 

generalisability to people with type 1 diabetes. Importantly, type 1 and type 2 diabetes are distinct entities 

with different aetiologies, courses of disease, and management regimens. As pointed out in a recent 

review, there is a significant shortage of available data on the prevalence and characteristics of depression 

in individuals with type 1 diabetes [1]. In this study, we assessed the frequency of depressive 

symptomatology in four European cohorts of individuals with type 1 diabetes, and investigated the 

associations between symptoms of depression, diabetes complications, and vascular risk factors. Our 

hypothesis was that depressive symptomatology is associated with higher prevalence of diabetes 

complications and vascular risk factors.   

 

2. Methods 

The Finnish Diabetic Nephropathy (FinnDiane) Study was launched in 1997. The aim of the ongoing 

FinnDiane Study is to identify risk factors for diabetes complications in type 1 diabetes. Since 2010, 6 

countries (Austria, Croatia, Estonia, Latvia, Lithuania, and Romania) have adopted the FinnDiane Study 

protocol, and together form the International Diabetic Nephropathy (InterDiane) Consortium. As the 

FinnDiane Study protocol is quite extensive, the participating InterDiane Study sites used their own 

consideration regarding which parts they wanted to include. Of the participating countries, data on 
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depression were collected in the Croatian, Finnish, Latvian, and Lithuanian sites. Study subjects were 

individuals with type 1 diabetes. Type 1 diabetes was defined as onset of diabetes prior to the age of 40 

years and permanent insulin treatment initiated within a year of the diagnosis. The study protocols were 

approved by the ethics committees at each of the participating countries (Croatia: The Ethics Committee of 

Merkur University Hospital; Finland: The Ethics Committee of Helsinki and Uusimaa Hospital District; Latvia: 

The Latvian Central Ethics Committee; Lithuania; The Ethics Committee of Lithuanian University of Health 

Sciences in Kaunas.  In Croatia, all patients with type 1 diabetes either attending at the outpatient clinic or 

hospitalized at the inpatient department were asked for their willingness to participate in the study. In 

Finland, the attending physicians recruited the study participants during regular patient visits related to the 

management of type 1 diabetes. In addition, a number of participants volunteered to the study after having 

heard about it via their friends, relatives, or social media. In Latvia, study subjects were recruited amongst 

patients with type 1 diabetes undergoing treatment at the Department of Endocrinology, Pauls Stradins 

University. Moreover, out-patients were recruited through endocrinologists and patient organisations. In 

Latvia, recruitment of the study participants was performed in agreement with the procedures of the 

Genome Database of the Latvian population. The study was performed in accordance to the ethical 

standards laid down in the 1964 Declaration of Helsinki and its later amendments. A written informed 

consent was obtained from all study participants prior to inclusion into the study.   

Symptoms of depression were investigated with the Beck Depression Inventory I (BDI) [13]. This self-report 

questionnaire covers 21 symptom-attitude categories including mood, pessimism, sense of failure, lack of 

satisfaction, guilty feeling, sense of punishment, self-hate, self-accusations, self-punitive wishes, crying 

spells, irritability, social withdrawal, indecisiveness, body image, work inhibition, sleep disturbance, 

fatigability, loss of appetite, weight loss, somatic preoccupation, and loss of libido. Each of these categories 

contain 4-6 statements of increasing symptom severity, and of these statements, participants selected the 

ones that best described their current situation. Each of the categories were scored from 0 to 3, giving a 

total score ranging between 0 and 63. Higher scores indicate more severe symptoms of depression. In the 
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current study, the BDI score was used as a continuous variable. Additionally, we divided participants into 

those with and without symptoms of depression, using a cut-off value of ≥16 [14].  

At the study visit, height and weight were measured while wearing light clothing. Waist circumference was 

measured at the mid-point between the iliac crest and the lowest rib. Following a minimum of 10-minute 

rest, blood pressure was measured twice. Mean of the two measurements was calculated. Blood was 

drawn for central analyses of lipid and lipoprotein concentrations at each site. HbA1c was measured locally 

using standardised assays. Smoking was self-reported, with current smoking referring to smoking at least 

one cigarette per day. Data on diabetes complications were collected from medical records. Major adverse 

cardiovascular events (MACE) were defined as acute myocardial infarction, coronary revascularisation 

procedure, stroke, non-traumatic amputation, or peripheral revascularisation procedure. Retinal laser 

treatment was used as indication of proliferative retinopathy in Finland and Latvia. In Lithuania, the 

diagnosis of proliferative retinopathy was based on the fundus examinations. In Croatia, proliferative 

retinopathy was diagnosed using two-field 45 degrees retinal images [15]. Albumin excretion rate (AER) 

was assessed in at least two out of three timed 24-h or overnight urine collections. Classifications into 

those with normal AER (AER <20 µg/min or <30 mg/24 h), microalbuminuria (AER ≥20 and <200 µg/min, or 

≥30 and <300 mg/24 h), macroalbuminuria (AER ≥200 µg/min or ≥300 mg/24 h), and end-stage renal 

disease (dialysis or kidney transplant) were made. In Latvia, albumin-to-creatinine ratio >2.5 mg/mmol for 

men and >3.5 mg/mmol for women was used to define microalbuminuria. Diabetic nephropathy was 

defined either as macroalbuminuria, end-stage renal disease, or glomerular filtration rate below 60 

ml/min/1.73m2.  

Metabolic syndrome was assessed according to Alberti et al. [16]. Accordingly, men and women with a 

waist circumference of ≥94 cm and ≥80 cm, respectively, fulfilled the waist criterion. Individuals with serum 

triglyceride concentration ≥1.70 mmol/l and HDL cholesterol concentration <1.00 mmol/l (men) and <1.30 

mmol/l (women), or medication to manage dyslipidaemia fulfilled these respective criteria. For blood 

pressure criterion, blood pressure ≥130/85 mmHg or antihypertensive treatment was required. As all 
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participants had type 1 diabetes, they all fulfilled the elevated fasting blood glucose criterion. A metabolic 

syndrome score ranging between 1 and 5 was calculated for each participant. A score ≥3 was indicative of 

metabolic syndrome.  

In the analyses, we included data from all participants with known depression status. Due to the long 

duration of the FinnDiane Study, we identified 1806 potential participants from Finland as compared to the 

cohort of 99 from Croatia, 315 from Latvia, and 318 from Lithuania. In order not to overpower the analyses 

with the data from Finland, we formed an age-, sex-, and diabetes duration matched sample from the 

Finnish cohort, with the Latvian cohort as a reference. Latvian cohort was selected because it most closely 

resembled the original Finnish cohort with respect to the symptoms of depression frequency (14.3% in 

Latvia and 12.8% in Finland).  

2.1. Statistics 

Descriptive data are presented as number (frequency) for categorical variables, and median (interquartile 

range) for continuous non-parametric variables. Differences among the four samples were investigated 

using Chi-squared test and Kruskal-Wallis test, respectively. Logistic regression was applied to study the 

associations between BDI score and the dichotomized health variables (diabetic nephropathy, retinopathy, 

MACE, metabolic syndrome, and the waist-, triglyceride-, HDL-cholesterol-, and blood pressure components 

as dependent variables). Generalised linear regression was used for investigating the associations between 

BDI score and the continuous health variables (metabolic syndrome score, waist circumference, triglyceride 

concentrations, HDL-cholesterol concentration, systolic blood pressure, diastolic blood pressure, BMI, 

HbA1c, and the factor scores as dependent variables). In addition to the individual outcome variables, we 

also investigated whether BDI score was associated with the clusters of risk factors. In this process the 

continuous health variables were entered in a factor analysis (Maximal likelihood and Varimax rotation) to 

form factors of health variables with high inter-correlation. Eigenvalue >1.0 was used as a cut-off for 

identifying the factors. Variables with factor loadings ǀ≥0.20ǀ were included in each factor. Factors were 

intuitively named based on the variables included, with a particular stress on the variables with the 
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strongest loadings. Factor scores, for each emerging factor, were calculated for all participants. The factor 

scores were a sum of the scores for all items associated with a given factor, multiplied by the corresponding 

factor loading. Generalised linear regression was used to investigate the association between the factor 

scores and BDI scores. Analyses were conducted using IBM SPSS Statistics for Windows, Version 22.0 (IBM 

Corp, Armonk, NY, USA). A two-tailed P value <0.05 was considered statistically significant. 

 

3. Results 

Data were available from 99 participants from Croatia, 314 participants from Finland, 315 participants from 

Latvia, and 318 participants from Lithuania (Table 1). Age, diabetes duration, and smoking were 

comparable among the cohorts. Proportion of men was the highest in the Croatian sample. Highest median 

BMI, waist circumference, blood pressure, and HbA1c concentration were observed in the Finnish cohort. 

The rates of diabetic nephropathy, proliferative retinopathy, and MACE were the lowest in the Croatian 

sample. The highest rates of diabetic nephropathy and proliferative retinopathy were observed in 

Lithuania, while the rates of the MACE were the highest in Finland. Altogether, 82.2% of the Finnish sample 

had metabolic syndrome, as opposed to 49.0% of the Croatian, 47.6% of the Lithuanian, and 42.5% of the 

Latvian samples. Also the waist-, triglyceride-, HDL-cholesterol-, and blood pressure components were most 

frequently fulfilled in the Finnish sample. The lowest rate of fulfilling the waist component was observed in 

the Latvian cohort, the lowest rates of fulfilling the triglyceride- and HDL-cholesterol components were 

observed in the Lithuanian sample, while the Croatian cohort had the lowest rate of fulfilling the blood 

pressure component.  

Significant differences were observed in the BDI scores, with the lowest levels reported in the Croatian 

sample, and the highest in the Latvian and Lithuanian samples (Table 1). Frequencies of depressive 

symptomatology were, however, not significantly different between the cohorts. Samples combined, 

individuals with depressive symptomatology had higher metabolic syndrome score (3.0 [2.9–3.2] vs. 2.7 
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[2.6–2.8], p=0.004), triglyceride concentration (1.67 [1.53–1.82] mmol/l vs. 1.28 [1.22–1.34] mmol/l, 

p<0.001), and HbA1c (79 [75–82] mmol/mol vs. 72 [70–73] mmol/mol, p<0.001), relative to those without.  

In all the cohorts, the frequencies of diabetic nephropathy were higher in those with symptoms of 

depression (Table 2). However, in the Croatian sample this difference was not statistically significant. In the 

Finnish sample, compared to those without depressive symptomatology, the rate of proliferative 

retinopathy was higher in those with symptoms of depression. In the Lithuanian sample, the symptoms of 

depression were associated with higher rates of MACE and metabolic syndrome. Cohorts combined, 

individuals with symptoms of depression more frequently had diabetic nephropathy, proliferative 

retinopathy, MACE, and metabolic syndrome. Moreover, in the joint analysis, depressive symptomatology 

was associated with meeting the criteria for the waist-, triglyceride-, and blood pressure components. 

In the Finnish and Latvian cohorts, adjusted for sex, age, and smoking, the BDI score positively associated 

with the presence of diabetic nephropathy (Table3). Higher BDI scores were related to proliferative 

retinopathy and MACE in the Finnish and Lithuanian cohorts, respectively. The metabolic syndrome was 

associated with BDI scores in Lithuania. In the Finnish, Latvian, and Lithuanian cohorts, fulfilling the 

triglyceride component was associated with higher BDI scores. Samples combined, higher BDI scores were 

associated with diabetic nephropathy, proliferative retinopathy, MACE, metabolic syndrome, and the 

triglyceride component of the metabolic syndrome.  

The BDI score was positively associated with the metabolic syndrome score in the Finnish, Latvian, and 

Lithuanian samples (Table 4). In Croatia, the BDI score had a positive association with waist circumference 

and BMI, while in Finland and Latvia BDI score was associated with triglyceride concentration and HbA1c. 

Cohorts combined, metabolic syndrome score, triglyceride concentration, and HbA1c were all positively 

associated with the BDI score.  

Three risk factor patterns were formed in the factor analysis, and were named as Obesity, Hypertension, 

and Dyslipidaemia (Supplementary Table 1). All cohorts together, individuals with depressive 

symptomatology had higher Dyslipidaemia factor scores relative to those without (0.09 [-0.37–0.79] vs. -
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0.22 [-0.54–0.27], p<0.001). In the multivariable model, higher BDI scores were associated with higher 

factor scores of the Dyslipidaemia factor in Finland, Latvia, Lithuania, and in the joint analyses of the 

cohorts (Table 5).  

 

4. Discussion 

We observed a number of differences and a fair number of similarities in the depressive symptomatology 

and the associations between depressive symptoms and health variables in the four European cohorts of 

individuals with type 1 diabetes. First, the frequencies of symptoms of depression were comparable 

amongst the samples. Of importance, the country-specific and overall rates of depressive symptomatology 

were within the range of the observations made in other type 1 diabetes populations [1]. Second, in the 

whole sample, higher depression scores were positively associated with the presence of diabetic 

nephropathy, proliferative retinopathy, and MACE. However, potentially due to issues related to power, 

although having similar odds ratios, these associations did not reach statistical significance in all individual 

samples. Third, the BDI score was associated with the presence of the metabolic syndrome and the 

metabolic syndrome score in the whole sample, and the latter association was also seen in most of the 

individual cohorts. Of the components of the metabolic syndrome, instead, depression scores were most 

frequently associated with the triglycerides.  

With respect to the associations between depression and the clinical variables, the Croatian sample 

seemed to differ from other cohorts the most. In particular, it exhibited no associations between 

depressive symptomatology and the metabolic syndrome or its triglyceride component, seen in other 

samples, but rather showed positive associations between the BDI score and waist circumference and BMI. 

Of interest, the Croatian sample was not only the smallest of the cohorts, but also had the highest 

frequency of men and, with many respect, featured clinical variables suggestive of an overall healthiest 

sample of the four. Instead, despite selecting an age-, sex-, and diabetes duration-matched sample from 

the FinnDiane Study population, the Finnish participants had, on average, the worst health profile. Notably, 
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in the Finnish sample, the rates of MACE, metabolic syndrome and all its components, and BMI, blood 

pressure, HbA1c, and triglyceride concentration were the highest observed in the study. Why the Finnish 

cohort had the worse clinical profile of the four sites is not known. However, over the past 20 years the 

FinnDiane Study has become well established in Finland. It is therefore possible that individuals with 

emerging risk factors or complications more readily volunteer to this study, potentially in hope of receiving 

extra monitoring. In addition to the potential bias in the enrolment of the cohorts, a number of other 

factors may impact the clinical variables. Of interest, while the Finns were worst off with respect to most of 

the clinical variables, the cholesterol concentration was the lowest among the Finnish participants. This 

could suggest that high cholesterol levels are more aggressively treated in Finland as compared to the other 

countries. Additionally, genetics and lifestyle impact these health variables. For the current analyses, 

however, we did not have these data available. While genes may not be readily affected, special emphasis 

may need to be placed on the lifestyle, including healthy diet and increased physical activity, in order to 

improve the health of the Finnish individuals with type 1 diabetes. Indeed, although the consequences and 

reasons behind these striking health disparities are not known, our observation calls for further attention in 

order to reduce the potentially heightened long-term risks in the Finnish type 1 diabetes population. 

In their early meta-analysis, de Groot et al investigated the associations between depression and 

complications in type 1 and type 2 diabetes [17]. The results revealed a consistent relationship between 

depression and diabetes complications. Of note, the observations were evident across the diabetes 

subtypes, suggesting common pathways between depression and complications. Since the publication of 

the meta-analysis, progression in the management of both depression [18] and diabetes [19] has taken 

place. Therefore, observations reflecting populations under more recent modes of disease management 

are warranted. Amongst the more recent studies is the one by Hirai et al., who investigated the association 

between symptoms of depression and diabetic retinopathy in 484 individuals with type 1 diabetes [20]. In 

their study, a higher frequency of depression was observed among those with more severe diabetic 

retinopathy and visual impairment. After controlling for confounders, however, these associations were no 

longer significant. In another study of 458 participants with type 1 diabetes, individuals reporting the 
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presence of at least one diabetes complication had a higher BDI score compared to those without 

complications [21]. Amongst the rare longitudinal studies is the one including 483 African-American 

individuals with type 1 diabetes, where high BDI scores at both baseline and follow-up were associated with 

progression of diabetic retinopathy over the 6 year follow-up [12].  

Ever since the association between glycaemia and diabetes long-term complications was conclusively 

demonstrated in the Diabetes Control and Complications Trial [22], there has been increasing interest in 

the role of depression in determining glycaemia. In the current study, higher BDI scores were associated 

with worse glycaemic control, and higher HbA1c was observed in those with depressive symptomatology. 

These results are in line with a study in 6172 individuals with type 1 diabetes, where mean HbA1c was 

higher in those with symptoms of depression [23]. In the same study, participants with depressive 

symptomatology were more likely to miss insulin doses and exercise less often. Moreover, comorbid 

depression was reflected in more frequent episodes of diabetic ketoacidosis and severe hypoglycaemia. In 

another study, HbA1c was not associated with depression score in individuals with type 1 diabetes [21]. 

Instead, those with history of depression exhibited higher HbA1c relative to those without [21]. In another 

study in 313 newly diagnosed individuals with type 1 diabetes, symptoms of depression did not predict 

patients’ membership in the identified trajectories of glycaemic control, nor were they associated with 

glycaemic control at any point during the 5-year assessment [8].  

Our observations linking depressive symptomatology and dyslipidaemia, high triglyceride concentrations in 

particular, are in line with those by Katon et al., who reported high triglyceride concentrations in individuals 

with diabetes, evidence of heart disease, and symptoms of depression [24]. In another study of people with 

type 2 diabetes participating in an intensive lifestyle intervention, antidepressant medication use over the 

preceding year was associated with increased odds of low HDL-cholesterol concentration, high triglyceride 

concentration, high diastolic blood pressure, and obesity [25]. High BMI was also associated with symptoms 

of depression in another population of participants with either type 1 or type 2 diabetes [26]. In that study, 

however, depression status was not associated with blood pressure.  
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Metabolic syndrome, representing a cluster of vascular risk factors, has shown to be a frequent observation 

in type 1 diabetes [27]. In a sample of 1226 FinnDiane Study participants, we have previously shown an 

increase in the BDI score with increasing number of the components of the metabolic syndrome [28]. To 

our knowledge, the association between depression and metabolic syndrome has not been investigated in 

other populations of type 1 diabetes. In a group of elderly participants with type 2 diabetes, however, 

depression was significantly associated with an increased risk of metabolic syndrome and, comparable to 

the current observations, dyslipidaemia in particular [29]. Moreover, as seen in the current study, 

depression was not associated with either BMI or hypertension.  

The precise mechanisms through which depression is linked to metabolic disturbances are not exhaustively 

known. It is likely, however, that both behavioural and physiological mechanisms have their roles to play in 

these processes. Depression is associated with non-adherence to healthy life-style and treatment regimen 

[30], and has therefore the potential to increase the prevalence of various risk factors. On the other hand, 

the emergence of complications may bring about depressive symptoms in the affected individuals [31]. The 

physiological manifestations of depression may also impact vascular risk factors. Of these, dysregulation of 

the hypothalamic-pituitary-adrenal axis, reduced brain serotonin activity and increased inflammation are 

noteworthy. The former may result in increased glucocorticoid secretion which, in excess, contributes to 

dyslipidaemia, hypertension, insulin resistance and visceral obesity [32]. The two latter manifestations, 

instead, are related both to metabolic syndrome and depression and could therefore mediate these two 

conditions [33–36].  

This study is not without limitations. First, this study was cross-sectional in design and therefore does not 

reveal causalities between depressive mood and the health markers investigated. While depressive mood 

has shown to increase the risk of adverse health outcomes [10], the emergence of diabetes complications is 

also associated with increased risk of depression [1]. Second, to identify individuals with type 1 diabetes, 

we used the cut-off limit of 40 years of age at the diabetes diagnosis, and permanent use of insulin within a 

year from the diagnosis. While, using these criteria, we are quite confident to have included participants 
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with type 1 diabetes, there still remains a possibility that a few individuals with type 2 diabetes are also 

included. Third, due to a small number of individual cases and in order to limit the number of statistical test 

required, we used a composite variable of major adverse cardiovascular events to describe acute 

myocardial infarction, coronary revascularisation procedure, strike, non-traumatic amputation, and 

peripheral revascularisation procedure. However, it should be noted that these events are quite 

heterogeneous and might differ with respect to their relation to depressive symptoms. Fourth, instead of 

using diagnostic interviews, symptoms of depression were assessed using self-reported methods. Notably, 

the use of self-report methods may be subject to misreporting. Fifth, some selection bias may have 

occurred, as it is possible that individuals with severe depression or with more severe diabetes 

complications are under-represented. The likely consequence of such a selection bias is a dilution of the 

current observations. Sixth, with participants of European descendants, the current results may not be 

directly generalized to other populations with different ethnicities. While individual cohorts were relatively 

small and were thus restricted in their power to show significant results, for many observations we saw 

similar non-significant trends which were further strengthened when the cohorts were analysed together. 

As the majority of previous studies in this field have been conducted in people with type 2 diabetes, the 

current study adds to the pool of knowledge related to the depressive symptoms and their associations 

with health outcomes in type 1 diabetes. A major strength of the study was the inclusion of data from four 

countries with reasonably similar genetic backgrounds but differing in the latitudes (availability of sun 

light), dietary practices, culture, and health care systems. 

In conclusion, in individuals with type 1 diabetes from four European cohorts, symptoms of depression 

were associated with diabetes complications, glycaemic control, metabolic syndrome, and the triglyceride 

component of the metabolic syndrome. Additionally, we observed a number of health differences in the 

four samples, with worst clinical profile observed in the Finnish sample. In the future, data collected in the 

framework of the InterDiane Consortium will be used to study the role of depression in the emergence and 

progression of diabetes complications. 
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Table 1 Basic characteristics of the sample divided by participating country  

 Croatia Finland Latvia Lithuania   All  

 N=99 N=314 N=315 N=318 P  N=1046 

BDI score 4 (2–8) 5 (1–10) 7 (4–12) 7 (3–12) <0.001  6 (2–12) 
BDI score ≥16, %  6.1 13.4 14.3 14.8 0.149  13.4 
Men, % 59.6 45.9 46.0 41.8 0.022  46.0 
Age, years 38 (29–51) 35 (27–47) 35 (25–46) 34 (25–46) 0.070  35 (26–47) 
Diabetes duration, years 18 (7–27) 17 (9–26) 15 (8–25) 17 (9–27) 0.194  17 (9–26) 
Smoking, % 31.6 26.5 27.9 21.7 0.154  25.9 
BMI, kg/m2 24.1 (22.2–26.8) 26.1 (23.3–29.1) 24.2 (21.6–27.4) 24.6 (22.0–27.5) <0.001  24.8 (22.2–27.8) 
Waist circumference, cm 88 (80–95) 89 (81–98) 80 (73–89) 84 (76–93) <0.001  85 (76–94) 
Systolic BP, mmHg 120 (120–130) 137 (125–146) 125 (118–136) 128 (118–140) <0.001  130 (120–141) 
Diastolic BP, mmHg 80 (70–80) 83 (75–88) 80 (72–87) 80 (74–86) 0.018  80 (74–87) 
HbA1c, mmol/mol 55 (48–67) 76 (67–86) 70 (57–85) 67 (56–81) <0.001  70 (58–84) 
HbA1c, % 7.2 (6.5–8.3)  9.1 (8.3–10.0)  8.6 (7.4–9.9) 8.3 (7.3–9.6) <0.001  8.6 (7.5–9.8) 
Total cholesterol, mmol/l 4.81 (4.23–5.56) 4.67 (4.14–5.31) 4.95 (4.10–5.61) 5.28 (4.56–6.18) <0.001  4.95 (4.24–5.70) 
HDL-cholesterol, mmol/l 1.66 (1.34–1.95) 1.40 (1.14–1.69) 1.85 (1.56–2.25) 1.49 (1.20–1.83) <0.001  1.49 (1.21–1.80) 
Triglyceride, mmol/l 1.02 (0.77–1.29) 1.24 (0.92–1.86) 1.07 (0.74–1.59) 1.03 (0.70–1.52) <0.001  1.09 (0.77–1.60) 
Diabetic nephropathy, % 4.0 19.2 10.8 37.1 <0.001  20.9 
Proliferative retinopathy, % 23.2 25.6 27.6 36.3 0.008  29.2 
MACE, % 4.0 10.5 6.3 7.6 0.103  7.8 
Metabolic syndrome, % 49.0 82.2 42.5 47.6 <0.001  56.7 
Waist component, % 44.9 65.6 32.4 47.2 <0.001  48.1 
Triglyceride component, % 35.4 48.4 30.7 22.7 <0.001  34.3 
HDL component, % 34.3 46.2 28.2 20.6 <0.001  32.2 
BP component, % 53.5 80.9 61.1 61.9 <0.001  66.6 

Continuous data are presented as medians (interquartile ranges), and categorical data are presented as frequencies. Differences amongst the four cohorts 

were investigated using Kruskal-Wallis test and Chi squared test, respectively. BDI, Beck Depression Inventory; BMI, body mass index; BP, blood pressure; 

MACE, major adverse cardiovascular events; Metabolic syndrome, fulfilling at least three of the components of the metabolic syndrome; Waist component, 

waist circumference in men ≥94 cm and ≥80 cm in women; Triglyceride component, serum triglyceride concentration ≥1.70 mmol/l or medication to 

manage dyslipidaemia; HDL component, serum HDL-cholesterol concentration <1.00 mmol/l in men and <1.30 mmol/l in women, or medication to manage 

dyslipidaemia; BP component, blood pressure ≥130/85 mmHg or antihypertensive treatment.  
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Table 2 Frequencies of metabolic syndrome and its components by the depressive symptomatology status divided by participating country  

  Croatia Finland Latvia Lithuania All  

 BDI score N=99 N=314 N=315 N=318 N=1046 

Diabetic nephropathy <16 3 (3.2) 43 (16.2)** 21 (8.6)* 93 (34.3)* 160 (18.3)*** 
 ≥16 1 (16.7) 16 (38.1) 10 (23.3) 25 (53.2) 52 (37.7) 
Proliferative retinopathy <16 20 (21.5) 62 (22.9)** 73 (27.0) 92 (34.1) 247 (27.3)*** 
 ≥16 3 (50.0) 18 (42.9) 14 (31.1) 23 (48.9) 58 (41.4) 
MACE <16 3 (3.2) 26 (9.6) 16 (5.9) 14 (5.7)** 59 (6.7)** 
 ≥16 1 (16.7) 7 (16.7) 4 (8.9) 8 (18.6) 20 (14.7) 
Metabolic syndrome <16 42 (46.7) 219 (80.5) 109 (40.4) 118 (44.4)** 488 (54.3)*** 
 ≥16 5 (83.3) 39 (92.9) 25 (55.6) 30 (66.7) 99 (71.7 
Waist component <16 35 (42.2) 174 (64.0) 85 (31.7) 122 (45.2) 416 (46.6)* 
 ≥16 5 (83.3) 32 (76.2) 16 (36.4) 27 (58.7) 80 (58.0) 
Triglyceride component <16 33 (35.5) 126 (46.3) 62 (27.8) 55 (21.0) 276 (32.5)** 
 ≥16 2 (33.3) 26 (61.9) 19 (46.3) 15 (32.6) 62 (45.9) 
HDL component <16 33 (35.5) 121 (44.5) 62 (27.7) 51 (19.6) 267 (31.4) 
 ≥16 1 (16.7) 24 (57.1) 13 (31.0) 12 (26.1) 50 (36.8) 
Blood pressure component <16 48 (51.6) 220 (80.9) 160 (59.5) 162 (60.2) 590 (65.3)* 
 ≥16 5 (83.3) 34 (81.0) 32 (71.1) 33 (71.7) 104 (74.8) 

Data are presented as number (frequency). BDI, Beck Depression Inventory. Comparisons between individuals with (BDI score ≥16) and without (BDI score 

<16) symptoms of depression within each sample were done using Chi squared test. MACE, major adverse cardiovascular events.  *p<0.05; **p<0.01; 

***p<0.001. 
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Table 3 Associations between depression score and metabolic syndrome and its components, and diabetes complications divided by the participating 

country  

 Croatia Finland Latvia Lithuania All  

 N=99 N=314 N=315 N=318 N=1046 

Diabetic nephropathy 1.11 (0.97–1.28) 1.09 (1.05–1.14)*** 1.06 (1.02–1.11)* 1.02 (0.99–1.05) 1.05 (1.03–1.07)*** 
Proliferative retinopathy 1.04 (0.96–1.12) 1.07 (1.03–1.10)** 1.02 (0.98–1.06) 1.02 (0.99–1.05) 1.03 (1.01–1.05)** 
MACE 1.11 (0.93–1.31) 1.05 (1.00–1.10) 1.04 (0.97–1.11) 1.07 (1.03–1.12)** 1.05 (1.02–1.08)*** 
Metabolic syndrome 1.00 (0.91–1.10) 1.06 (0.99–1.13) 1.03 (0.99–1.07) 1.04 (1.01–1.08)* 1.03 (1.01–1.05)* 
Waist component 1.04 (0.96–1.13) 1.02 (0.98–1.05) 1.01 (0.97–1.04) 1.03 (0.99–1.07) 1.01 (0.99–1.04) 
Triglyceride component 0.96 (0.88–1.05) 1.04 (1.01–1.07)* 1.04 (1.01–1.07)* 1.04 (1.01–1.08)* 1.03 (1.01–1.05)** 
HDL component 0.94 (0.85–1.02) 1.02 (0.99–1.05) 1.03 (0.97–1.04) 1.03 (0.99–1.07) 1.01 (0.99–1.03) 
Blood pressure component 1.03 (0.95–1.13) 1.02 (0.97–1.07) 1.03 (0.99–1.06) 1.01 (0.98–1.05) 1.02 (0.99–1.04) 

Data are presented as Exp(B) (95% CI). Models are adjusted with sex, age, and smoking. The analyses with cohorts combined are additionally adjusted for 

the country. MACE, major adverse cardiovascular events Logistic regression analysis. *p<0.05; **p<0.01; ***p<0.001. 
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Table 4 Associations between depression score and metabolic syndrome score, the components of the metabolic syndrome, body mass index and HbA1c 

divided by the participating country  

 Croatia Finland Latvia Lithuania All 

 N=99 N=314 N=315 N=318 N=1046 

Metabolic syndrome score -0.01 (-0.04–0.03) 0.02 (0.01–0.03)* 0.02 (0.01–0.03)* 0.02 (0.01–0.04)** 0.02 (0.01–0.03)** 
Waist circumference 0.35 (0.04–0.67)* 0.09 (-0.10–0.29) -0.01 (-0.18–0.16) 0.08 (-0.08–0.24) 0.06 (-0.04–0.16) 
Triglyceride concentration 0.01 (-0.01–0.03) 0.04 (0.02–0.05)*** 0.02 (0.01–0.04)*** 0.01 (-0.01–0.02) 0.02 (0.01–0.03)*** 
HDL-cholesterol concentration -0.01 (-0.02–0.01) -0.01 (-0.01–0.01) 0.00 (-0.01–0.01) 0.00 (-0.01–0.00) -0.01 (-0.01–0.01) 
Systolic blood pressure 0.39 (-0.05–0.82) -0.05 (-0.29–0.19) 0.12 (-0.09–0.32) -0.04 (-0.28–0.20) 0.07 (-0.07–0.20) 
Diastolic blood pressure -0.09 (-0.38–0.19) 0.02 (-0.12–0.17) 0.12 (-0.03–0.27) 0.01 (-0.15–0.17) 0.07 (-0.01–0.16) 
Body mass index 0.15 (0.03–0.28)* -0.03 (-0.11–0.04) -0.02 (-0.07–0.04) 0.03 (-0.03–0.09) 0.01 (-0.03–0.04) 
HbA1c -0.02 (-0.52–0.49) 0.61 (0.38–0.83)*** 0.45 (0.15–0.75)** 0.13 (0.15–0.41) 0.37 (0.21–0.52)*** 

Data are presented as B (95% CI). Models are adjusted with sex, age, and smoking. Additionally, the models with lipid variables are adjusted for the use of 

lipid-lowering medication, and the models with blood pressure variables are adjusted for the use of antihypertensive medication. The analyses with cohorts 

combined are additionally adjusted for the country. Generalised linear regression analysis. *p<0.05; **p<0.01; ***p<0.001. 
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Table 5 The associations between depression score and the factor-analysis derived risk factor pattern scores 

 Croatia Finland Latvia Lithuania All  

 N=99 N=314 N=315 N=318 N=1046 

Obesity 0.023 (-0.001–0.047) 0.001 (-0.013–0.016) -0.002 (-0.015–0.011) 0.007 (-0.005–0.019) 0.003 (-0.005–0.010)  
Hypertension  0.021 (-0.006–0.049) 0.003 (-0.012–0.017) 0.009 (-0.004–0.022) 0.001 (-0.014–0.014) 0.003 (-0.005–0.011) 
Dyslipidaemia -0.005 (-0.022–0.013) 0.034 (0.023–0.046)*** 0.021 (0.009–0.033)** 0.011 (0.001–0.022)* 0.020 (0.013–0.026)*** 

Data are presented as B (95% CI). Models are adjusted with sex, age, and smoking. The analyses with all cohorts are additionally adjusted for the country. 

Generalised linear regression analysis. *p<0.05; ***p<0.001. 

 


