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A B S T R A C T   

Aims: Social network characteristics may provide a novel non-pharmaceutical target for the prevention of 
depression. We investigated the temporal association of a broad range of structural and functional social network 
characteristics with incident depressive symptoms over 5 years of follow-up. 
Methods: We used data from The Maastricht Study, a population-based prospective cohort study (n=2,465, mean 
age 59.8±8.1 years, 49.1% women, 11,585 person-years of follow-up). Social network characteristics were 
assessed through a name generator questionnaire. Clinically relevant depressive symptoms (9-item Patient 
Health Questionnaire score≥10) were assessed at baseline and annually. We used multivariable logistic and Cox 
regression analyses, adjusted for sociodemographic, lifestyle and cardiovascular risk factors. 
Results: In cross-sectional analyses less emotional support for discomfort and with important decisions, and less 
informational support were associated with prevalent depressive symptoms (OR[95%CI] 1.19 [1.01-1.40]; 1.22 
[1.05-1.43], and 1.20 [1.04-1.39], respectively). Every fewer 10% of family members was associated with 
prevalent depressive symptoms (1.11 [1.01-1.23]). In longitudinal analyses, less emotional support on important 
decisions was also associated with higher risk of incident depressive symptoms (HR[95%CI] 1.13 [1.03-1.25]). In 
addition, every fewer 10% of the network that was a family member was associated with a higher hazard of 
incident depressive symptoms (1.07 [1.01-1.13]). 
Conclusions: This study shows that less emotional support and fewer family members in the network were 
associated with higher risk of both prevalent and incident depression. The importance of emotional support and 
the role that family plays should be considered in treatment and prevention of depression.  
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1. Introduction 

Depression is one of the most common psychiatric disorders, and is 
expected to become the leading cause of disease burden in 2030, glob-
ally (World Health Organization, 2008). In addition, depression results 
in a higher risk of premature mortality with a reduction of approxi-
mately 10 years in life expectancy (Walker et al., 2015). Despite the 
availability of psychological and pharmacological treatments, the clin-
ical course of depression is highly recurrent (Burcusa and Iacono, 2007). 
Considering this, new (non-pharmaceutical) treatment and prevention 
opportunities are needed. Hereby, prevention strategies that involve 
individuals’ social network could play an important role. The current 
COVID-19 pandemic further stresses the importance of social in-
teractions and social isolation, especially in those individuals vulnerable 
for psychiatric conditions like depression. 

Preliminary evidence highlights the association between social 
network characteristics and depression. However, prior studies are 
highly heterogeneous in terms of measurements, populations studied, 
and study design. Earlier findings have shown that some structural 
characteristics of social network, for instance, low number of contacts 
(Chao, 2011), small network size (Santini et al., 2015b), and lack of 
social participation (Chao, 2011) were associated with depression. 
Additionally, functional characteristics, particularly lack of social sup-
port (Levula et al., 2018; van den Brink et al., 2018), and social isolation 
(Cacioppo et al., 2011; Chao, 2011; Levula et al., 2018) were associated 
with depression as well. However, results were controversial (Note-
boom et al., 2016; Schwarzbach et al., 2014), possibly due to potential 
limitations of individual studies or because of variability in methods to 
assess social network characteristics. Firstly, social network character-
istics were mainly studied as single variables, frequently based on one 
(or limited) question (s), reducing the comprehensive understanding of 
the association of both structural and functional components of the so-
cial context with depression. This gave insight into the relevance of the 
social network to depression, but more in-depth insights are needed to 
develop preventive instruments. Secondly, most studies had a 
cross-sectional design limiting the possibilities to infer causality and 
temporality (Levula et al., 2018; Santini et al., 2015b), while social 
isolation might be both a risk factor and a consequence of depression. 
Moreover, longitudinal studies had a small sample size or used 
hospital-based (Teo et al., 2013) or convenience sampling (Santini et al., 
2015b) populations, while population-based samples will enable a 
broader generalizability of findings. Finally, social network character-
istics may modify lifestyle factors like smoking, alcohol use, physical 
activity, diet and obesity. However, previous studies were unable to 
adjust for lifestyle or cardiovascular risk (CVD) factors. 

In light of this, our primary aim was to assess, if a wide range of both 
functional and structural social network characteristics, assessed using a 
validated method (name generator), were associated with prevalent and 
incident depression. Moreover, we adjusted our analysis for many po-
tential confounding factors, including lifestyle and CVD risk factors. In 
addition, as both social network characteristics and depression are 
known to differ between men and women, we assessed whether any such 
associations differed by sex. 

2. Methods 

2.1. Study population and design 

We used data from The Maastricht Study, a population-based 
observational prospective cohort study (Schram et al., 2014). In brief, 
the study focuses on the aetiology, pathophysiology, complications and 
comorbidities of type 2 diabetes mellitus (T2DM) and is characterized by 
an extensive phenotyping approach. Eligible participants were in-
dividuals aged 40-75 years and living in the southern part of the 
Netherlands, recruited through mass media campaigns, and from the 
municipal registries and the regional Diabetes Patient Registry via 

mailings. Recruitment was stratified according to known T2DM status, 
with an oversampling of individuals with T2DM, for reasons of effi-
ciency. The baseline examinations of each participant were performed 
within three months. The study has been approved by the Institutional 
Medical Ethical Committee (NL31329.068.10) and the Ministry of 
Health, Welfare and Sports of the Netherlands (Permit 
131088-105234-PG). All participants gave written informed consent. 
The present study includes longitudinal data from the first 3,451 par-
ticipants, who completed the baseline survey between November 
2010-September 2013. For cross-sectional analyses, full data on 
depression and social network characteristics at baseline was available 
in 2,685 participants (Figure 1). For longitudinal analysis, participants 
with depression at baseline (n=114) were excluded, resulting in a 
sample size of 2,465 participants. In this sample, follow-up data were 
available in 90.9% (year 1), 84.8% (year 2), 79.3% (year 3), 71.4% (year 
4) and 75.7% (year 5) of the participants. 

2.2. Social network 

Social network characteristics were assessed at baseline through a 
name generator method (McCallister and Fischer, 1978). The respon-
dent identifies a maximum of five persons for seven different types of 
contacts, followed by questions about these individuals (sex, age, type of 
relationship, and geographic distance). More details have been reported 
elsewhere (Brinkhues et al., 2017). 

Functional and structural characteristics were then computed from 
the questionnaire (Brinkhues et al., 2018c). In brief, participants indi-
cated the names of contacts who provided informational support related 
to advice on any problems, emotional support related to discomfort, 
emotional support related to important decisions, practical support 
related to jobs, and practical support related to sickness (functional 
characteristics). For every type of support, participants could name a 
maximum of five network members. Network size (defined as total 
number of unique network members), contact frequency [including total 
contacts per half year (defined as the sum of all contacts per half year), 
percentage of daily-weekly contact], and type of relationship (including 
percentage of network members living within walking distance, per-
centage of family members, percentage of friends, and participation in 
social activities) were assessed (structural characteristics). Those vari-
ables assessed in percentages were defined in steps of 10%. Based on an 
average network size of 10 network members, a change in one network 
member corresponds to 10%. Living alone was defined as a person who 
lived alone in his/her household. Social participation was defined as 
membership of, for instance, a sports club, religious group, volunteer 
organization, discussion group, self-support group, internet club, or 
other organization. 

2.3. Assessment of depression at baseline 

At baseline, prevalent depressive symptoms were assessed by use of a 
validated Dutch version of the 9-item Patient Health Questionnaire 
(PHQ-9) (Kroenke et al., 2001). It comprises nine items rated on a 
four-point scale, ranging from 0 = “not at all” to 3 = “nearly every day”. 
Response options are used to calculate a continuous total-score ranging 
from 0 (no symptoms) to 27 (all symptoms present nearly every day) 
(Smolderen et al., 2009). When one or two items were missing, the 
total-score was calculated as 9 × (total points/9− number of missing 
items) and rounded to the nearest integer. A pre-defined cut-off score of 
≥10 was used as a dichotomous scoring system for defining clinically 
relevant depressive symptoms (Pettersson et al., 2015). 

At baseline, a prevalent and lifetime episode of MDD was assessed by 
the Mini-International Neuropsychiatric Interview (MINI) (Sheehan 
et al., 1998). The MINI is a short diagnostic structured interview, used to 
assess the presence of minor or major depressive disorder in the pre-
ceding two weeks according to the DSM-IV. MDD is diagnosed (Onete 
et al., 2018) if participants had five symptoms, of which at least one was 
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a core symptom plus other symptoms of depression. Lifetime history of 
MDD was assessed by asking for the presence of symptoms during 
minimally two weeks over the lifetime. 

2.4. Assessment of depression during follow-up 

Incident depressive symptoms were assessed by use of the PHQ-9 
questionnaire annually over five years of follow-up. Incident depres-
sive symptoms were defined as no depressive symptoms at baseline and 
presence of depressive symptoms (PHQ-9≥10) on at least one follow-up 
moment. 

2.5. Covariates 

Questionnaires were used to assess educational level, smoking status, 
alcohol consumption (Health Council of the Netherlands, 2006), diet, 
and moderate-to-vigorous physical activity level (CHAMPS question-
naire) (Schram et al., 2014). Diet was assessed using a Food Frequency 
Questionnaire and a Dutch Health Diet Index was calculated in order to 
measure the adherence to the Dutch dietary guidelines of 2015 (Looman 
et al., 2017; Gianfredi et al., 2021). History of CVD was derived from the 
Rose questionnaire (Schram et al., 2014). An oral glucose tolerance test 
was used to determine glucose metabolism status (Kulinski et al., 2014), 
defined according to the WHO 2006 criteria (World Health Organiza-
tion, 2006). Office blood pressure was calculated as the average of at 
least three blood pressure readings (Omron 705IT, Japan). Fasting blood 
samples were used for laboratory assessment of total cholesterol and 
HDL cholesterol. 

2.6. Statistical analysis 

For descriptive purposes, most social network variables were inver-
ted (multiplied by − 1) to indicate that lower values reflect an increased 
risk. We conducted multivariable logistic regression analyses to examine 
the cross-sectional association of the social network characteristics with 
depressive symptoms and MDD. We used negative binomial regression 
analyses to assess the association of social network characteristics and 

prevalent depressive symptoms (PHQ-9 score). Cox regression analysis 
was used to assess the association between social network characteristics 
and incident depressive symptoms over time. Analyses were adjusted for 
age, sex, level of education, and, because of the oversampling, type 2 
diabetes (model 1), additionally for smoking, alcohol consumption, 
physical activity, diet and BMI (model 2), and additionally for history of 
CVD, hypertension and dyslipidaemia. In addition, we tested for inter-
action with sex, and because of the oversampling of diabetes, and type 2 
diabetes, in model 3. Lastly, we assessed multicollinearity among the 
social network characteristics using multiple linear regression models. 
Multicollinearity was assessed using variance inflation factor (VIF). A 
VIF equal to 1 means no multicollinearity among regressors, a VIF 
greater than 1 indicates that regressors may be moderately correlated, 
and no actions are needed. A VIF between 5 and 10 indicates high 
correlation that may be problematic (Akinwande et al., 2015). All ana-
lyses were conducted using IBM SPSS software version 21.0 (IBM Corp. 
Armonk, NY, USA), a p-value ≤ 0.05 was considered statistically 
significant. 

3. Results 

3.1. Descriptive characteristics 

Table 1 shows the general characteristics of the study population at 
baseline and follow-up, stratified for depression. Participants had a 
mean age of 59.8±8.1 years and 49.1% were women. Participants with 
prevalent or incident depression had a lower level of education, were 
more often smokers and alcohol users, had a higher BMI, had a lower 
adherence to the Dutch dietary guidelines, were less physically active, 
had a less favourable cardiovascular-risk profile compared to partici-
pants without depressive symptoms. During 11,585 person-years of 
follow-up, 259 (10.5%) participants developed depressive symptoms. 
No differences have been detected between the full cohort and included 
participants, while excluded participants showed a worse 
cardiovascular-risk profile compared to included participants. Data are 
reported in Supplementary Table S1. 

Fig. 1. Flowchart of the study population.  
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3.2. Functional social network characteristics and prevalent depression 

Table 2 shows that in cross-sectional analysis, less emotional support 
on discomfort and with important decisions were consistently associated 
with prevalent clinically relevant depressive symptoms in model 3: (OR 
[95%CI] 1.19 [1.01-1.40]; 1.22 [1.05-1.43], respectively and MDD 
(1.22 [1.01-1.46]; 1.20 [1.01-1.43], respectively). One unit less in 
emotional support was also associated with more depressive symptoms 
on a continuous scale (RR 1.04 [1.00-1.07]). Less informational support 
was significantly associated with clinically relevant depressive symp-
toms (1.20 [1.04-1.39]), but not with MDD (1.16 [0.99-1.37]). Both 
measures of less practical support (jobs and sickness) were not signifi-
cantly associated with prevalent depressive symptoms or MDD after full 
adjustment, although a similar trend of less support being associated 
with prevalent clinically relevant depressive symptoms was observed. 
Moreover, one unit less in practical support (sickness) was associated 
with more depressive symptoms on a continuous scale (RR 1.05 [1.02- 
1.09]). 

3.3. Structural social network characteristics and prevalent depression 

The majority of the structural network characteristics were not 
associated with prevalent depressive symptoms or MDD in cross- 
sectional analyses (Table 2), as they lost statistical significance after 
adjustment for lifestyle risk factors (model 2). A lower percentage of 
family members was associated with clinically relevant depressive 
symptoms (OR 1.11 [1.01-1.23] per 10%) and each fewer network 
member reported was also associated with more depressive symptoms 
on a continuous scale (RR 1.03 [1.03-1.05]). Living alone was associated 
with clinically relevant depressive symptoms (1.75 [1.03-2.96]) and 
more depressive symptoms on a continuous scale (1.23 [1.08-1.40]), 
also after adjustment for lifestyle and CVD risk factors. The associa-
tion of having fewer family members in general with MDD pointed to-
wards the same direction, albeit not statistically significant, while the 
association for living alone and MDD was in the opposite direction and 
not statistically significant. 

Table 1 
Baseline characteristics of the study population stratified by prevalent and incident depression.  

Characteristic Cross-sectional analysis Longitudinal analysis  
No depression at baseline 
(PHQ-9<10 and no MDD 
(MINI)) (n=2,529) 

Prevalent depressive 
symptoms (PHQ-9≥10) 
(n=114) 

Prevalent Major 
depressive disorder 
MDD (MINI) (n=87) 

No depression (PHQ-9<10 
at baseline and follow-up) 
(n=2,206) 

Incident depressive 
symptoms (PHQ-9≥10 
during follow-up) (n=259) 

Women 1,243 (49.1) 70 (61.4) 44 (50.6) 1,087 (49.3) 124 (47.9) 
Age (years) 59.8 ± 8.2 56.6 ± 7.5 58.9 ± 8.1 59.8 ± 8.1 59.7 ± 8.3 
Education 

Low/Medium/High  30.5/28.4/41.1  42.7/31.8/25.5  49.4/28.9/21.7  28.9/28.4/42.7  40.4/31.8/27.8 
Smoking 

Never/Former/Current  36.2/52.0/11.8  21.8/50.9/27.3  22.4/56.5/21.2  37.1/52.6/10.3  28.1/51.6/20.3 
Alcohol use 

None/Low/High  16.7/56.9/26.4  36.9/43.2/19.8  35.3/41.2/23.5  15.6/57.1/27.4  24.2/55.1/20.7 
BMI (kg/m2) 26.8 ± 4.4 29.1 ± 6.1 29.1 ±5.7 26.7 ± 4.2 28.0 ± 4.9 
Dutch Diet score 84.1 ± 14.7 80.7 ±13.6 80.1 ± 13.7 84.6 ± 14.6 79.8 ± 14.8 
MVPA (hours/week) 5.7 ± 4.4 4.3 ± 4.3 3.9 ± 3.4 5.8 ± 4.4 4.6 ± 4.2 
Hypertension 1,387 (55.0) 71 (62.3) 56 (64.4) 1,192 (54.2) 161 (62.2) 
Total cholesterol-to-HDL 

cholesterol ratio 
3.6 ± 1.2 3.7 ±1.3 3.9 ± 1.2 3.6 ± 1.1 3.8 ± 1.3 

Type 2 diabetes 664 (26.3) 50 (43.9) 39 (44.8) 530 (24.0) 104 (40.2) 
History of CVD 385 (15.5) 26 (23.6) 18 (20.9) 313 (14.4) 62 (24.4) 
Depression      
Depression score at baseline 

(PHQ-9 score) 
2.2 ± 2.2 14.0 ± 3.9 11.2 ± 6.2 2.0±2.1 4.5 ± 2.7 

Major depressive disorder at 
baseline (MINI) 

0 45 (39.5) 87 (100) 21 (1.0) 18 (6.9) 

Use of antidepressants at 
baseline 

134 (5.3) 30 (26.3) 24 (27.6) 99 (4.5) 38 (14.7) 

Functional characteristics of the social network    
Emotional support 

(discomfort)* 
2.7 ± 1.6 2.4 ± 1.5 2.2 ± 1.5 2.8 ± 1.6 2.5 ± 1.6 

Emotional support (important 
decisions)* 

3.1 ± 1.6 2.6 ± 1.6 2.6 ± 1.7 3.2 ± 1.6 2.7 ± 1.6 

Informational support* 3.3 ± 1.6 3.0 ± 1.6 2.8 ± 1.7 3.3 ± 1.6 3.1 ± 1.7 
Practical support (jobs)* 2.3 ± 1.4 2.1 ± 1.3 2.0 ± 1.4 2.3 ± 1.4 2.1 ± 1.4 
Practical support (sickness)* 2.8 ± 1.5 2.6 ± 1.5 2.4 ± 1.5 2.9 ± 1.5 2.6 ± 1.5 
Structural characteristics of the social network    
Network size (n) 10.1 ± 5.2 8.5 ± 4.6 8.6 ± 4.4 10.3 ± 5.2 9.0 ± 4.9 
Contact frequency   
Total contacts per half year 

(n) 
232.0 ± 143.1 230.0 ± 147.4 213.3 ± 120.2 235.1 ± 144.0 219.4 ± 139.4 

Percentage of daily-weekly 
contact 

47.3 ± 25.7 56.1 ± 24.5 51.2 ± 24.0 46.9 ± 25.5 50.0 ± 26.4 

Proximity   
Percentage of network 

members living within 
walking distance 

43.5 ± 23.9 44.2 ± 23.9 45.4 ± 25.5 43.1 ± 23.6 46.3 ± 26.0 

Type of relationship   
Percentage of family 

members 
58.6 ± 23.3 59.3 ± 25.8 58.8 ± 25.0 58.5 ± 23.0 57.9 ± 25.3 

Percentage of friends 27.8 ± 21.0 25.3 ± 23.6 28.5 ± 22.0 28.1 ± 20.6 26.2 ± 23.1 
Living alone 448 (17.7) 30 (26.3) 13 (14.9) 374 (17.0) 55 (21.2) 
Social participation 1,734 (67.6) 63 (55.3) 51 (58.6) 1,526 (69.2) 158 (61.0) 
* Functional characteristics of social network range from 0 to 5. Results are presented as mean ± SD or n (%).  
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3.4. Functional social network characteristics and incident depressive 
symptoms 

Table 3 shows that less emotional support on important decisions 
was associated with incident depressive symptoms after full adjustment 
(HR [95%CI] 1.13 [1.03-1.25]). The association of emotional support on 
discomfort lost significance after adjustment for lifestyle risk factors, 
while practical or informational support were not significantly associ-
ated with incident depressive symptoms. 

3.5. Structural social network characteristics and incident depressive 
symptoms 

A smaller network size was associated with a 4% higher hazard of 
incident depressive symptoms for every one person less in the network 
(Table 3); however, this association was attenuated after adjustment for 
lifestyle and cardiovascular-risk factors, and no longer statistically sig-
nificant. The percentage of family members was consistently associated 
with incident depressive symptoms and remained so after adjustment for 
lifestyle and cardiovascular-risk factors. Every 10% fewer family mem-
bers within the network was associated with a 7% higher hazard for 
incident depressive symptoms (1.07 [1.01-1.13]). 

No statistically significant interactions were found with sex or 
diabetes. 

Table 2 
Cross-sectional association of structural and functional social network charac-
teristics with prevalent depressive symptoms and major depressive disorder.  

Models Depressive 
symptoms 
(PHQ-9>10 
109 cases) 
OR (95% 
CI) 

p- 
value 

Major 
depressive 
disorder 
(MINI, 83 
cases) OR 
(95% CI) 

p- 
value 

Depressive 
symptoms 
(PHQ-9 
score) Rate 
ratio (95% 
CI) 

p- 
value 

Functional characteristics of the social network   
Less emotional support (discomfort)*   
Model 

1 
1.17 (1.02- 
1.34) 

0.028 1.19 (1.01- 
1.39) 

0.038 1.04 (1.01- 
1.07) 

0.022 

Model 
2 

1.18 (1.01- 
1.38) 

0.043 1.21 (1.01- 
1.46) 

0.038 1.03 (0.99- 
1.07) 

0.061 

Model 
3 

1.19 (1.01- 
1.40) 

0.033 1.22 (1.01- 
1.46) 

0.037 1.04 (1.00- 
1.07) 

0.035 

Less emotional support (important decisions)*   
Model 

1 
1.25 (1.09- 
1.43) 

0.001 1.14 (0.97- 
1.33) 

0.109 1.03 (1.00- 
1.07) 

0.034 

Model 
2 

1.23 (1.05- 
1.44) 

0.009 1.20 (1.01- 
1.43) 

0.044 1.02 (0.99- 
1.06) 

0.233 

Model 
3 

1.22 (1.05- 
1.43) 

0.012 1.20 (1.01- 
1.43) 

0.046 1.02 (0.99- 
1.06) 

0.235 

Less informational support*   
Model 

1 
1.16 (1.02- 
1.31) 

0.024 1.14 (0.99- 
1.31) 

0.067 1.03 (1.00- 
1.06) 

0.065 

Model 
2 

1.19 (1.03- 
1.38) 

0.017 1.16 (0.99- 
1.36) 

0.071 1.03 (0.99- 
1.06) 

0.096 

Model 
3 

1.20 (1.04- 
1.39) 

0.014 1.16 (0.99- 
1.37) 

0.063 1.03 (0.99- 
1.06) 

0.092 

Less practical support (jobs)*   
Model 

1 
1.11 (0.95- 
1.29) 

0.177 1.10 (0.92- 
1.31) 

0.308 1.03 (0.99- 
1.06) 

0.105 

Model 
2 

1.18 (0.99- 
1.42) 

0.072 1.16 (0.94- 
1.43) 

0.164 1.03 (0.99- 
1.07) 

0.115 

Model 
3 

1.18 (0.99- 
1.42) 

0.072 1.16 (0.94- 
1.43) 

0.156 1.03 (0.99- 
1.07) 

0.083 

Less practical support (sickness)*   
Model 

1 
1.15 (0.99- 
1.32) 

0.055 1.19 (1.01- 
1.40) 

0.038 1.05 (1.02- 
1.08) 

0.002 

Model 
2 

1.15 (0.98- 
1.35) 

0.094 1.17 (0.97- 
1.41) 

0.094 1.05 (1.01- 
1.09) 

0.005 

Model 
3 

1.15 (0.98- 
1.36) 

0.086 1.18 (0.98- 
1.42) 

0.081 1.05 (1.02- 
1.09) 

0.003 

Structural characteristics of the social network   
Smaller network size (for every fewer network member)   
Model 

1 
1.07 (1.02- 
1.12) 

0.008 1.04 (0.98- 
1.10) 

0.168 1.01 (1.00- 
1.02) 

0.015 

Model 
2 

1.05 (0.99- 
1.11) 

0.075 1.03 (0.97- 
1.09) 

0.381 1.01 (0.99- 
1.02) 

0.244 

Model 
3 

1.05 (0.99- 
1.11) 

0.093 1.03 (0.97- 
1.09) 

0.394 1.01 (0.99- 
1.02) 

0.254 

Contact frequency   
Total contacts per half year (for every 10 additional 

contacts)   
Model 

1 
1.00 (0.99- 
1.02) 

0.790 1.01 (0.99- 
1.03) 

0.333 1.00 (0.99- 
1.01) 

0.167 

Model 
2 

1.00 (0.98- 
1.02) 

0.871 1.01 (0.99- 
1.03) 

0.430 1.00 (0.99- 
1.01) 

0.317 

Model 
3 

1.00 (0.98- 
1.02) 

0.850 1.01 (0.99- 
1.03) 

0.415 1.00 (0.99- 
1.01) 

0.239 

Percentage of daily-weekly contact (for every additional 
10%)   

Model 
1 

1.09 (1.01- 
1.18) 

0.025 1.00 (0.92- 
1.09) 

0.973 1.01 (0.99- 
1.03) 

0.444 

Model 
2 

1.07 (0.98- 
1.17) 

0.110 0.96 (0.87- 
1.06) 

0.427 1.00 (0.98- 
1.02) 

0.719 

Model 
3 

1.06 (0.97- 
1.16) 

0.195 0.96 (0.87- 
1.06) 

0.397 0.99 (0.97- 
1.01) 

0.454 

Proximity      
Percentage of network members living within walking 

distance (for every fewer 10%)   
Model 

1 
1.00 (0.93- 
1.09) 

0.927 1.00 (0.92- 
1.10) 

0.981 0.99 (0.97- 
1.01) 

0.247 

Model 
2 

0.97 (0.89- 
1.07) 

0.577 0.97 (0.87- 
1.07) 

0.512 0.99 (0.97- 
1.01) 

0.263  

Table 2 (continued ) 

Models Depressive 
symptoms 
(PHQ-9>10 
109 cases) 
OR (95% 
CI) 

p- 
value 

Major 
depressive 
disorder 
(MINI, 83 
cases) OR 
(95% CI) 

p- 
value 

Depressive 
symptoms 
(PHQ-9 
score) Rate 
ratio (95% 
CI) 

p- 
value 

Model 
3 

0.97 (0.88- 
1.06) 

0.510 0.96 (0.87- 
1.06) 

0.438 0.99 (0.97- 
1.01) 

0.454 

Type of relationship   
Percentage family members (for every fewer 10%)   
Model 

1 
1.04 (0.96- 
1.14) 

0.359 1.07 (0.97- 
1.17) 

0.177 1.03 (1.00- 
1.05) 

0.017 

Model 
2 

1.09 (0.99- 
1.21) 

0.077 1.11 (0.99- 
1.23) 

0.065 1.03 (1.01- 
1.05) 

0.014 

Model 
3 

1.11 (1.01- 
1.23) 

0.040 1.10 (0.99- 
1.23) 

0.069 1.03 (1.01- 
1.05) 

0.008 

Percentage friends (for every fewer 10%)   
Model 

1 
1.04 (0.94- 
1.15) 

0.453 0.93 (0.84- 
1.03) 

0.166 0.99 (0.97- 
1.01) 

0.399 

Model 
2 

1.01 (0.90- 
1.13) 

0.854 0.91 (0.81- 
1.02) 

0.109 0.99 (0.97- 
1.01) 

0.399 

Model 
3 

1.00 (0.89- 
1.12) 

0.983 0.91 (0.81- 
1.02) 

0.102 0.99 (0.96- 
1.01) 

0.311 

Living alone (%)   
Model 

1 
1.80 (1.15- 
2.82) 

0.010 0.82 (0.45- 
1.51) 

0.526 1.25 (1.11- 
1.41) 

0.000 

Model 
2 

1.87 (1.11- 
3.13) 

0.018 0.73 (0.36- 
1.48) 

0.386 1.24 (1.09- 
1.41) 

0.001 

Model 
3 

1.75 (1.03- 
2.96) 

0.038 0.72 (0.36- 
1.47) 

0.370 1.23 (1.08- 
1.40) 

0.001 

Lack of social participation (%)   
Model 

1 
1.32 (0.89- 
1.97) 

0.171 1.17 (0.74- 
1.85) 

0.503 1.13 (1.02- 
1.24) 

0.019 

Model 
2+

1.18 (0.76- 
1.84) 

0.452 0.90 (0.53- 
1.53) 

0.704 1.04 (0.93- 
1.15) 

0.502 

Model 
3+

1.20 (0.77- 
1.87) 

0.425 1.10 (0.66- 
1.81) 

0.718 1.01 (0.91- 
1.13) 

0.854 

Model 1 adjusted for sociodemographic characteristics (age, sex, level of edu-
cation, and diabetes status). 
Model 2 additional adjustment for lifestyle (MVPA, smoking, alcohol con-
sumption, BMI and diet). 
Model 3 additional adjustment for cardiovascular risk factors (hypertension, 
cholesterol, history of CVD). 
* Functional characteristics of social network range from zero to five. 
+ MVPA was not included in the analyses of social participation as membership 
of a sports club is part of the definition of social participation. 
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Table 3 
Longitudinal association of functional and structural social network characteristics at baseline with incident depressive 
symptoms during 5-years of follow-up.  

Models Incident depressive symptoms (PHQ-9≥10) HRs (95% CI) p-value 

Functional characteristics of the social network   

Less emotional support (discomfort)* 

Model 1 1.11 (1.01-1.21) 0.025 
Model 2 1.08 (0.98-1.18) 0.135 
Model 3 1.07 (0.97-1.18) 0.159  

Less emotional support (important decisions)* 

Model 1 1.18 (1.08-1.29) 0.000 
Model 2 1.14 (1.04-1.26) 0.007 
Model 3 1.13 (1.03-1.25) 0.011  

Less informational support* 

Model 1 1.06 (0.98-1.15) 0.150 
Model 2 1.03 (0.94-1.12) 0.553 
Model 3 1.02 (0.94-1.11) 0.644  

Less practical support (jobs)* 

Model 1 1.06 (0.96-1.16) 0.281 
Model 2 1.04 (0.93-1.15) 0.527 
Model 3 1.03 (0.92-1.14) 0.629  

Less practical support (sickness)* 

Model 1 1.08 (0.99-1.18) 0.071 
Model 2 1.05 (0.95-1.16) 0.323 
Model 3 1.04 (0.95-1.15) 0.395 
Structural characteristics of the social network   

Smaller network size (for every fewer member) 

Model 1 1.04 (1.01-1.07) 0.022 
Model 2 1.03 (0.99-1.06) 0.101 
Model 3 1.03 (0.99-1.06) 0.120 
Contact frequency   

Total contacts per half year (for every 10 additional contacts) 

Model 1 1.01 (0.99-1.02) 0.191 
Model 2 1.01 (0.99-1.02) 0.158 
Model 3 1.01 (0.99-1.02) 0.134  

Percentage of daily-weekly contact (for every additional 10%) 

Model 1 1.01 (0.96-1.06) 0.745 
Model 2 0.99 (0.94-1.05) 0.784 
Model 3 0.99 (0.94-1.04) 0.586 
Proximity   

Percentage of network members living within walking distance (for every fewer 10%) 

Model 1 1.03 (0.98-1.09) 0.229 
Model 2 1.04 (0.98-1.10) 0.168 
Model 3 1.03 (0.98-1.09) 0.227 
Type of relationship   

Percentage of family members (for every fewer 10%) 

Model 1 1.06 (1.00-1.12) 0.054 
Model 2 1.06 (1.00-1.13) 0.048 
Model 3 1.07 (1.01-1.13) 0.036  

Percentage of friends (for every fewer 10%) 

Model 1 1.01 (0.94-1.07) 0.900 
Model 2 0.99 (0.93-1.07) 0.898 
Model 3 0.99 (0.93-1.06) 0.855  

Living alone (%) 

Model 1 1.31 (0.97-1.78) 0.082 
Model 2 1.15 (0.81-1.62) 0.435 
Model 3 1.14 (0.81-1.61) 0.456  

Lack of social participation (%) 

Model 1 1.23 (0.95-1.60) 0.113 
Model 2+ 1.16 (0.88-1.52) 0.299 
Model 3+ 1.18 (0.90-1.56) 0.232 

Model 1 adjusted for sociodemographic characteristics (age, sex, level of education, and diabetes status). 
Model 2 additional adjustment for lifestyle (MVPA, smoking, alcohol consumption, BMI and diet). 
Model 3 additional adjustment for cardiovascular risk factors (hypertension, cholesterol, history of CVD). 
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3.6. Additional analyses 

To minimize selection bias and confirm the robustness of findings, 
several sensitivity analyses were performed. Similar associations were 
found after 1) additional adjustment for antidepressant drugs use, 2) 
additional adjustment for MDD at baseline, 3) excluding participants 
with antidepressant drugs use at baseline, 4) excluding participants with 
MDD at baseline, 5) excluding participants with lifetime MDD, using a 
control group with 6) no missing or only 7) one missing follow-up 
measurement; 8) excluding individuals with type 2 diabetes; 9) addi-
tional adjustment for occupational status; 10) additional adjustment for 
social network size. The associations between social network charac-
teristics and incident depressive symptoms became slightly stronger 
after excluding participants with any missing PHQ-9 data over 5 follow- 
up measurements, while other analyses did not materially change the 
results (Supplementary Table S2). A moderate collinearity has been 
found for network size, total contacts per half year and percentage of 
daily-weekly contact. This result can be explained by these variables 
being derived from the network size. Results are reported in Supple-
mentary Table S3. 

4. Discussion 

This study is the first to assess the association between a broad range 
of functional and structural social network characteristics and the risk of 
prevalent and incident depression in a population-based setting. This 
study shows that emotional support is associated with both prevalent 
and incident depression. In addition, the proportion of family members, 
whom may be crucial in the delivery of emotional support, was signif-
icantly associated with both prevalent and incident depression. These 
associations were independent of a large range of potential confounders. 
Within the current COVID-19 pandemic, we fell this paper adds 
important information on which social ties are essential to maintain for 
individuals with or at risk of depression during regional or national 
lockdowns. 

4.1. Functional social network characteristics and depression 

In this study, less emotional support on discomfort and with 
important decisions were consistently associated with both prevalent 
MDD, and prevalent and incident depressive symptoms. Our results are 
in line with the meta-analysis by Santini et al (Santini et al., 2015b), and 
two more recent studies (Santini et al., 2015a; Schwarzbach et al., 2014) 
where lower informational and emotional support were associated with 
depression. 

It is important to appreciate that cross-sectional analyses provide a 
snapshot of the distribution of social network characteristics among 
depressed versus non-depressed participants. Knowledge on this distri-
bution is useful to improve social network characteristics of depressed 
individuals. Longitudinal analyses provide insights into the temporality 
of these associations and may help to identify which social network 
characteristics could be considered in prevention. However, since our 
data confirmed a statistical association between less emotional support, 
fewer family members and depression, even in cross-sectional analysis, 
we can speculate that these associations may be bidirectional. Thus, less 
emotional support and fewer family members might be considered both 
cause (as suggested by our longitudinal data) and consequence of 
depression (considering that depressed people show less interest in so-
cial interaction). 

4.2. Structural social network characteristics and depression 

Even if a mixed network of friends and family is important, we found 
a consistent association between fewer family members within the 
network and a higher risk of depression in both prevalent and incident 
depressive symptoms. This fits well with the observation that less 
emotional support is associated with depression, as family members are 
an important source of emotional support, and is in line with previous 
studies (Santini et al., 2015b; Shanas, 1979; van den Brink et al., 2018). 
Moreover, our results support the convoy model, where the most sup-
portive members are nuclear family members which are consistent over 
time, and with whom sociohistorical experiences are shared (Fuller 
et al., 2020). In light of this, we believe that educating family members 
about their important role in depression could be an important strategy 
in reducing the burden of depression. We do not have data to confirm in 
which way the family support can reduce depression, or which is the 
best way to educate family members. Future studies, exploring this 
relationship in more detail, are needed to provide new insights in the 
etiology and prevention of depression. Moreover, it should be consid-
ered that, in general, social support is thought to have beneficial effects 
on wellbeing, health and (mainly chronic) diseases management, 
particularly during the late stage of the life (Schwarzbach et al., 2014; 
Wrzus et al., 2013). Previous studies showed that more social support 
might be associated with lower risk of diabetes (Brinkhues et al., 2017) 
and its complications (such as micro- and macrovascular complications) 
(Brinkhues et al., 2018a), self-health-promoting behaviors, better use of 
services and well-being among type 2 diabetes subjects (Schiotz et al., 
2012). 

We only found a weak association of (the frequently studied) 
network size with depression. Prior studies reported great differences of 
this association in both cross-sectional and longitudinal analysis (San-
tini et al., 2015b), which may be due to different methods used to assess 
network size. 

In our analysis, living alone was significantly associated with prev-
alent but not with incident depressive symptoms, contrasting previous 
studies (Bisschop et al., 2004; Sonnenberg et al., 2013). Given that our 
findings are based on a limited number of individuals who lived alone 
and had depression, the power to detect a potential association was 
limited and this result should be interpreted with caution. In our study, 
social contacts as well as the other structural characteristics were not 
associated with depression in both cross-sectional and longitudinal 
analyses. 

4.3. Implications and mechanism 

Our results highlight the importance to comprehensively assess 
structural and functional social networks characteristics in depression as 
this provides useful new insights for developing future (intervention) 
approaches. For the prevention of depression, two aspects may prove 
important: 1) to improve support, in particular emotional support and 2) 
to enhance existing social network ties, in particular with family 
members. 

One major question is how emotional support by family members 
may prevent the development of depression. According to the buffering 
hypothesis (Berkman et al., 2015), emotional support may reduce stress, 
which is a well-known source of depression. In addition, family mem-
bers are considered the core of human relationships, with whom uni-
formity of background, perception and action are shared (Fuller et al., 
2020). Family is often a source of support, even if it may be a source of 
social strain, sharing the same sociohistorical experiences, as ,within the 
family, is presumed to facilitate the receipt of social support (Fuller 
et al., 2020). Thus, family members may be best equipped to capitalize 

* Functional characteristics of social network range from zero to five. 
+ MVPA was not included in the analyses of social participation as membership of a sports club is part of the definition of social participation. crude n=259 cases; 
model 1 n=251 cases; model 2 n=216 cases; model 3 n=214 cases. 
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social support (Latkin and Knowlton, 2015), particularly in light of the 
socioemotional selectivity theory, according to which elderly people 
focus their emotional contacts on mostly close family members (Car-
stensen et al., 1999). 

The current COVID-19 pandemic highlights the importance of social 
interactions, especially for those individuals with psychiatric disorders 
like depression (Amerio et al., 2020). Our study provides essential in-
formation on the social ties and social support that are most relevant for 
those with prevalent depression and those at high depression risk. This 
information is highly relevant during times of social isolation that results 
from the regional or national lockdowns and may guide clinicians to-
wards clear advice to their depressed patients to uphold their family ties. 

4.4. Strengths and limitations 

A major strength of this study is the comprehensive assessment of 
both functional and structural social network characteristics by use of 
the name generator method (Brinkhues et al., 2018b; Marin, 2004), its 
population-based longitudinal design, large sample size, the extensive 
adjustment for confounding factors, and the assessment of depression 
with both the PHQ-9 questionnaire and the MINI (the gold standard). 
Although the PHQ-9 is not a diagnostic tool of MDD, it is a validated 
instrument with high sensitivity and specificity. Therefore, misclassifi-
cation is expected to be low, and cross-sectional analyses with the MINI 
showed remarkably similar results (Kroenke et al., 2001). Regarding 
social network characteristics, despite the high number of variables, we 
did not detect multicollinearity aside from a moderate multicollinearity 
for network size, total contacts per half year and percentage of 
daily-weekly contact. Having this in mind, in sensitivity analysis we 
further adjusted for social network size, but our results did not change. 
However, it should be considered that multicollinearity results in un-
necessary inflation of the confidence intervals, with the risk of losing the 
statistical significance (Akinwande et al., 2015). 

This study has certain limitations. Participants who are more 
socially-isolated or who suffer from depression are less prone to take 
part in the study. Participants with incomplete data on social network 
characteristics and/or depression were found to have a worse 
cardiovascular-risk profile. Though we adjusted for a range of covariates 
that are related to being lost-to follow-up, some selection bias might be 
present. However, considering the type of enrollment, we believe that if 
any selection bias has occurred, this would have resulted in selecting 
more health-conscious people, which would result in an underestima-
tion of the true association. Moreover, as people with a worse social 
network and higher PHQ-9 scores at baseline are more likely to be right- 
censored, this likely resulted in an underestimation of the true associa-
tion. Social network characteristics have only been measured at base-
line. However, evidence shows that social network characteristics 
remain stable during adulthood (Wrzus et al., 2013). The population of 
our study is mainly Caucasian, limiting the generalizability of the re-
sults, particularly considering the potential cultural differences in social 
network characteristics. Fourthly, data collected by questionnaires 
might be prone to recall bias or social desirability bias, particularly 
because both exposure and outcome were self-reported. 

5. Conclusions 

In conclusion, we show that both functional, in particular less 
emotional support, and structural social network characteristics (a lower 
proportion of family members), were associated with prevalent and 
incident depressive symptoms, independent of lifestyle and CVD risk 
factors. These findings indicate that social network characteristics like 
emotional support and proportion of family members are important for 
the prevention of depression. 
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