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Abstract 
Health status and social networks have rarely been analyzed dynamically. We explore empirically if 
and how social network changes relate to the disability dynamics across time among middle-aged 
and older people in 12 European countries. Data came from 21,514 respondents from SHARE (Survey 
of Health, Ageing and Retirement in Europe). Respondents were aged 55 years and over and were 
followed-up over about 7 years. Six social network characteristics – reflecting both constant and 
varying qualities of the network – were used, based on respondents’ reports in wave 4 and 6 of the 
survey. Multi-state modelling was used to investigate links between social network characteristics, 
health state transitions over time, and death. Individuals with a larger social network size at baseline 
and those having close emotional ties to other network members had a decreased risk of health 
decline (hazard ratios 0.96 and 0.95) – controlling for age, gender, education, and country of 
residence. A social network containing friends at baseline is linked to health recovery (hazard ratio 
1.10). Compared to models where each social network measure was entered separately, co-adjusting 
for all social network measures lead to a change in the statistical significance of the association of 
having family members as a part of the social network. In all, there is some first evidence that social 
network characteristics are linked to the disability dynamics of older Europeans. In further analyses 
we will refine the multistate models, conduct further robustness checks, and investigate cross-
national differences in the illness-death process.  

Background 
Only a minority of European countries have aged successfully in terms of healthy life years during the 
last decades. Studying social networks in health outcomes helps to understand how the surrounding 
social environment, particularly interactions with other people, influences disability trajectories over 
time. We are particularly interested how social network changes relate to older people’s disability 
dynamics across European countries. Although health and social networks are not fixed statuses, it 
has not been common so far to analyze both of them dynamically. Previous studies suggest on the 
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one hand that richer social networks (in terms of size, quality, and diversity) contribute to better 
health outcomes (Litwin 1998). On the other hand, when disabilities develop, there are also multiple 
pathways of development of social relationships and networks. For example, disabled people can 
become more restricted in their communication and so networks may become smaller. Also, close 
ties (i.e. family or friends) mobilize to support the disabled person, and hence network size may even 
increase and communication may intensify (Cornwell 2009). We are interested in understanding how 
network changes relate to the changing disability status among European middle-aged and older 
people across time.  

Data, Measures, and Method 
This study draws on data from Waves 4, 5, 6 and 7 of SHARE (Börsch-Supan et al., 2013). SHARE is a 
longitudinal, cross-national data-set about the health, socio-economic status and social relations of 
middle-aged and older Europeans. Data collection for the waves used in the current study took place 
in 2010–2011 (Wave 4), 2013 (Wave 5), 2015 (Wave 6), and 2017 (Wave 7). We limited our sample to 
men and women aged 55 or older with complete information on their health status and social 
network characteristics in all four waves. Persons were excluded from the analysis if they only had a 
single data point i.e. no health transitions were recorded, if they did not have a baseline health 
measurement, or if they had any missing social network information (n = 205,276 person-waves 
observations). For each respondent in our sample we thus have four observations. These selection 
criteria resulted in a sample of 86,056 person-waves observations nested in 12,404 women and 
9,110 men.  

Social Network Characteristics. Social network data were collected at two waves. Our main interest 
is in social network change and how it relates to the disability dynamics, specifically the illness-death 
process. We measure network change using multiple parameters that capture the number of persons 
who were named as social network members at Wave 4 but who were not named as social network 
members at Wave 6 (network members “lost”) as well as parameters that reflect the number of 
social network members who were named at Wave 6 but not named as such at Wave 4 (network 
members “added”). To allow for non-linear associations and to ensure that results do not merely 
reflect differences in the number of social network members named at either Wave 4 or Wave 6, 
measures are entered into the models using indicators of the specific number of confidants lost or 
added per respondent. This measuring approach is similar to that used by Cornwell and Laumann 
(2015). 

Health. Physical health was assessed at each wave using a direct question about whether or not 
respondents were limited in activities because of health. Health states were assigned as follows: no 
limitation/ healthy (= 1) and limitation/ limited (=2). For computational efficiency the last group 
merges the two categories “limited, but not severely” and “severely limited” from the original SHARE 
questionnaire. We treat the health states as interval-censored. This is because we assume that aging 
is a multi-state process which takes place in continuous time but the transition between the health 
states is only observed, however, at pre-scheduled panel waves. Health states are thus interval-
censored. Respondents’ exact death times are known, however.  

Covariates. Several factors co-vary with health, social network change, and network features, 
including age, gender, and education. Age is modeled linearly (and shifted so that the coefficient 
reflects age since baseline at Wave 4). Gender is coded 1 if the respondent is a man and 0 if the 
respondent is a woman. Education is measured with a categorical variable, distinguishing low 
(International Standard Classification of Education (ISCED) 0–2; pre-primary to lower secondary 
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education –ref– ), medium (ISCED 3–4; upper secondary to post-secondary non-tertiary education) 
and high (ISCED 5–6; tertiary education) levels of educational attainment2. We include country 
dummies in our analysis, too (Estonia –ref–). Because patterns of network change may depend on 
the baseline network structure, we also include controls for baseline network size (ranging from 0 to 
7), whether or not the network includes friends at baseline (0 = no, 1= yes), whether or not the 
network includes family at baseline (0 = no, 1= yes), and emotional closeness to network members at 
baseline (ranging from 1 = not very close to 4 = extremely close). Descriptive statistics of these and 
other key variables are presented in Table 1. Figures 1 and 2 additionally provide a descriptive 
overview of two social network measures – size and emotional closeness to network members – split 
by country. 

*** Table 1 about here *** 
*** Figures 1 and 2 about here *** 

 

The associations between the predictor variables and disability dynamics were investigated by using 
multi-state models. Multi-state models are an extension of competing risks models and describe how 
respondents move between a series of states in continuous time (Jackson 2011). If a respondent is in 
state 𝑆(𝑡) at time 𝑡, the movement on the discrete state space 1, . . . , 𝑅 is then governed by transition 
intensities 𝑞 𝑡, 𝑧(𝑡) : 𝑟, 𝑠 = 1, . . . , 𝑅. Transition intensities in turn may depend on time 𝑡, or, more 
generally, also on a set of individual-level or time-dependent explanatory variables 𝑧(𝑡). The 
intensity represents the instantaneous risk of moving from state 𝑟 to state ≠ 𝑟 :  

𝑞 (𝑡, 𝑧(𝑡)) = 𝛲(𝑆(𝑡) = 𝑟)/𝛿𝑡  . 

The 𝑞  form a 𝑅 × 𝑅 matrix 𝑄 whose rows sum to zero, so that the diagonal entries are defined by  

𝑞 = − ∑ 𝑞 .. 

Specifically, we assume a model as shown in Figure 3 – with two living states (“no limitation/ 
healthy” and “limitation/ limited”) and death as an absorbing state. Respondents can advance to 
having a limitation (transition 1 → 2) or recover from having a limita on (transi on 2 → 1), or die 
from any living state. The probability of individual i being in state s at wave w is conditional on the 
state occupied and observed covariates, z(.), at the previous wave si(w-1) and zi(w-1) but not at any 
waves prior to this point. Because we apply this model to panel data – where the state 𝑆 (𝑡) is only 
known at a finite series of times – it also relies on the Markov assumption that future evolution only 
depends on the current state. That is, 𝑞 (𝑡, 𝑧(𝑡), Ϝ ) is independent of Ϝ , the observation history of 
the process up to the time preceding 𝑡. However, the model is not explicitly Markovian as the 
transition intensities are related to age, which is a time-dependent covariate. Neither is it a semi-
Markov model as the time since entry into the state is not accounted for. To include the time to 
reach each state is complex because the exact times of state entry are unknown (interval censoring). 

*** Figure 3 about here *** 

For now we restricted the sample to include fully observed respondents (from Wave 4 to Wave 7), 
but in future analyses we will account for people who were (partially) lost to follow-up or alive at the 
end of the study but in an unknown state with censoring (n = 4602). For such individuals, their 
likelihood will then be taken as a weighted sum of likelihoods through all possible values for the 
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unobserved state. Initial state probabilities were estimated from the data, taking into account 
misclassification. The Nelder–Mead optimization method was used to maximize the likelihood. 
Likelihood ratio tests were used to compare models after the inclusion of each social network 
measure; the best fitting model contained all six social network measures (𝜒  = 20.06(4), p<.05). 
Data were analyzed using R version 3.5.3 (R Development Core Team 2010) and the ‘msm’ package in 
R (Jackson 2011). 

Preliminary Results 
Table 2 shows the distribution of state transitions for the analytic sample. We can see in this first 
overview that several transitions occur over the period of observation (Wave 4 to Wave 7) and that 
transitions can and do occur from state 2 back to state 1. Note firstly that only the frequencies of the 
transitions for 1 → 2 and 2 → 3 represent one-off transitions, whereas the frequencies for 1 → 3 can 
be due to transitions 1 → 3 and 1 → 2 → 3.  

 

*** Table 2 about here *** 
*** Figure 4 about here *** 

 

Output from two multi-state models is presented in Tables 3 and 4. The results for each single social 
network measure, adjusted for age, gender, education, and country, are shown in Table 3. Note that 
due to computation intensity we restricted transition to death to be 1. This speeds up computation 
and allows calculation of a likelihood maximum for two transition specific hazards, qrs(t) – from state 
1 to state 2 (becoming limited) and from state 2 to state 1 (becoming healthy). Only three social 
network measures differ significantly from zero: social network size at W4, social network contains 
family members at W4, and emotional closeness to social network members at W4. They seem to be 
associated with a decreased risk of physical health.   

*** Tables 3 and 4 about here *** 

The results for the co-adjusted social network measures, controlled for age, gender, education, and 
country, are shown in Table 4. Again, because we restricted transitions to death to be 1 only two 
transitions are estimated for each social network measure. Social network size at W4 and emotional 
closeness to network members at W4 are associated with a decreased risk of health decline (hazard 
ratios and 95% confidence intervals for size and emotional closeness: 0.955 [0.934, 0.975] and 0.950 
[0.918, 0.982], respectively). A social network containing friends at W4 is linked to health recovery – 
the positive transition from having a limitation back to no limitation (HR 1.102 [1.035, 1.172]). 
Compared to the models where each social network measure was entered separately, there were 
two notable differences in the magnitudes or the statistical significance of the associations: A social 
network containing family is not significantly associated with health decline anymore, whereas a 
social network containing friends is significantly associated with health recovery (cf. Tables 3 and 4). 

Conclusion and Next Steps: 
Our findings are based on the combination of a unique demographic resource and a multi-state 
modelling approach to data analysis. SHARE is a large European population-based data set with 



5 
 

regular bi-annual participant follow-up over several years. However, as in any longitudinal study of 
ageing, there is respondent attrition due to death and dropout. For our first, preliminary analyses we 
considered a quite restricted sample. Prospectively, we will further investigate how social network 
measures are associated with health and mortality of older Europeans taking attrition and dropout 
explicitly into account. A multi-state model is well suited to address these issues (van den Hout & 
Matthews 2010). Consideration will specifically give to the following issues: 

● Analysis of longitudinal data for ageing processes cannot ignore dropout due to death. We 
will account for people who were lost to follow-up or alive at the end of the study but in an 
unknown state with right censoring. For such individuals, their likelihood will then be taken 
as a weighted sum of likelihoods through all possible values for the unobserved state. 

● We will have to conduct some missing value imputation on education (536 observations in 
the restricted sample); depending on what other covariates will be considered, missing 
values may need to be imputed here too.  

● We will re-fit the multi-state model for four transitions to investigate associations between 
social network measures and health decline and mortality and calculate life expectancies for 
men and women. (Total residual life expectancy is defined as the sum of occupancy times in 
each living state and can be calculated by using numerical integration (mid-point rule). Piece-
wise hazards are then defined to account for the changing risk of transitions by age.). Note 
that even the presented restricted models have been computationally extensive. 

● In future analyses we will conduct robustness checks, for example, by running the models 
from two different sets of starting values for the transition intensity matrix and by using 
different optimization methods (Nelder–Mead vs. Broyden–Fletcher–Goldfarb–Shanno).  

● Because our interest also lies in assessing differences in older people’s disability dynamics 
across countries, we will consider how specific country characteristics (over and above 
country dummies) relate to the illness-death process.  
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Table 1 Descriptions and means and standard deviations of key variables (N = 21,514) 
Variable  AT BE CH CZ DE DK EE ES FR IT SE SI 
N  1,970 2,277 1,785 2,493 831 1,211 3,284 1,783 2,014 1,721 1,076 1,203 
Gender Female 

Male 
0.599 
0.490 
0.401 
0.490 

0.550 
0.497 
0.450 
0.498 

0.534 
0.499 
0.466 
0.499 

0.604 
0.489 
0.396 
0.489 

0.521 
0.500 
0.479 
0.500 

0.544 
0.498 
0.456 
0.498 

0.638 
0.481 
0.362 
0.481 

0.556 
0.497 
0.444 
0.497 

0.573 
0.495 
0.427 
0.495 

0.548 
0.498 
0.452 
0.498 

0.556 
0.497 
0.444 
0.497 

0.593 
0.491 
0.407 
0.492 

Education Low 
 
Medium 
 
High 

0.254 
0.435 
0.484 
0.500 
0.262 
0.440 

0.412 
0.492 
0.262 
0.440 
0.326 
0.469 

0.214 
0.410 
0.625 
0.484 
0.161 
0.367 

0.448 
0.497 
0.417 
0.493 
0.135 
0.342 

0.100 
0.301 
0.542 
0.498 
0.358 
0.479 

0.169 
0.375 
0.406 
0.491 
0.425 
0.494 

0.306 
0.461 
0.470 
0.499 
0.224 
0.417 

0.848 
0.359 
0.075 
0.264 
0.076 
0.266 

0.425 
0.494 
0.342 
0.474 
0.232 
0.422 

0.720 
0.449 
0.224 
0.417 
0.056 
0.230 

0.412 
0.492 
0.286 
0.452 
0.302 
0.459 

0.355 
0.479 
0.483 
0.500 
0.161 
0.368 

Network size at baseline Range: 0 – 7 2.879 
1.689 

2.961 
1.751 

2.939 
1.736 

2.212 
1.399 

2.779 
1.547 

2.780 
1.594 

2.449 
1.504 

2.533 
1.509 

2.698 
1.697 

2.212 
1.559 

2.685 
1.508 

1.792 
1.335 

Number of network members 
lost between W4 and W6 

Range: 0 – 7 0.475 
0.955 

0.668 
1.119 

0.706 
1.219 

0.564 
1.001 

0.520 
0.939 

0.513 
0.954 

0.680 
1.096 

0.475 
0.970 

0.607 
1.082 

0.552 
1.056 

0.573 
1.053 

0.372 
0.876 

Number of network members 
added between W4 and W6 

Range: 0 – 7 0.786 
1.188 

0.721 
1.151 

0.785 
1.221 

0.785 
1.176 

0.818 
1.208 

0.708 
1.061 

0.621 
1.042 

0.830 
1.241 

0.867 
1.295 

0.636 
1.019 

0.888 
1.290 

0.832 
1.178 

Network includes friends Range: 0 – 1 0.360 
0.480 

0.440 
0.497 

0.466 
0.499 

0.221 
0.415 

0.366 
0.482 

0.424 
0.494 

0.256 
0.437 

0.210 
0.407 

0.394 
0.489 

0.247 
0.431 

0.370 
0.483 

0.171 
0.377 

Network includes family Range: 0 – 1 0.921 
0.269 

0.869 
0.338 

0.885 
0.319 

0.880 
0.325 

0.918 
0.274 

0.902 
0.298 

0.901 
0.298 

0.921 
0.270 

0.836 
0.371 

0.843 
0.364 

0.924 
0.265 

0.835 
0.372 

Emotional closeness to 
network members 

Range: 1 – 4  3.600 
0.594 

3.156 
0.697 

2.769 
0.666 

3.187 
0.847 

2.910 
0.688 

3.193 
0.702 

2.852 
0.616 

3.344 
0.760 

2.922 
0.780 

3.118 
0.938 

3.057 
0.705 

2.928 
0.798 

Source: Survey of Health, Ageing and Retirement in Europe (SHARE), Waves 4 – 7. Own calculations. 
Notes: AT = Austria, BE = Belgium, CH = Switzerland, CZ = Czech Republic, DE = Germany, DK = Denmark, EE = Estonia, ES = Spain, FR = France, IT = Italy, SE = Sweden, SI = Slovenia. Standard 
deviations in italics. 
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Figure 1 Box plots of social network size at baseline W4 by country (N = 21,648) 

 
Source: Survey of Health, Ageing and Retirement in Europe (SHARE), Waves 4 – 7. Own calculations. 
Notes: AT = Austria, BE = Belgium, CH = Switzerland, CZ = Czech Republic, DE = Germany, DK = Denmark, EE = Estonia, ES = 
Spain, FR = France, IT = Italy, SE = Sweden, SI = Slovenia. 

 

Figure 2 Box plots of emotional closeness to social network members at baseline W4 by 
country (N = 21,648) 

 
Source: Survey of Health, Ageing and Retirement in Europe (SHARE), Waves 4 – 7. Own calculations. 
Notes: AT = Austria, BE = Belgium, CH = Switzerland, CZ = Czech Republic, DE = Germany, DK = Denmark, EE = Estonia, ES = 
Spain, FR = France, IT = Italy, SE = Sweden, SI = Slovenia.   
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Figure 3 A multi-state model for disease progression with SHARE data 

 

 

 

 

Table 2 State table for the analytic sample 
From state ↓ To state → 
 1 = Healthy 2 = Limited 3 = Dead 

All respondents 
1 = Healthy 24,070 9,297 232 
2 = Limited 7,808 22,767 770 

Men 
1 = Healthy 11113 4008 129 
2 = Limited 3288 8554 409 

Women 
1 = Healthy 12,957 5,289 103 
2 = Limited 4,520 14,213 361 
Source: Survey of Health, Ageing and Retirement in Europe (SHARE), Waves 4 – 7. Own calculations. 

 
 

Dead 
3 

Healthy 
1 

Limited 
2 
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Table 3 Hazard ratios and 95% confidence intervals for the individual effects of social network measures on health decline  

Transition 

Social network measure 
Size Change: Added Change: Lost Has family in it Has friends in it Emotional closeness 

HR CI 95 HR CI 95 HR CI 95 HR CI 95 HR CI 95 HR CI 95 
1 → 2 0.977 (0.963, 0.992) 1.019 (1.000, 1.039) 1.001 (0.979, 1.023) 0.874 (0.815, 0.937) 1.018 (0.968, 1.070) 0.923 (0.895, 0.951) 
1 → 3 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 
2 → 1 1.001 (0.985, 1.017) 1.007 (0.986, 1.029) 1.022 (0.998, 1.046) 1.080 (0.999, 1.169) 1.051 (0.994, 1.110) 1.019 (0.986, 1.054) 
2 → 3 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 
Source: Survey of Health, Ageing and Retirement in Europe (SHARE), Waves 4 – 7. Own calculations. 
Notes: Controlled for age, gender, education, and country. State 1: no limitation; State 2: limitation; State 3: dead. 
 

 
 
 
 
 
Table 4 Hazard ratios and 95% confidence intervals for the co-adjusted effects of social network measures on health decline 

Transition 

Social network measure 
Size Change: Added Change: Lost Has family in it Has friends in it Emotional closeness 

HR CI 95 HR CI 95 HR CI 95 HR CI 95 HR CI 95 HR CI 95 
1 → 2 0.955 (0.934, 0.975) 1.000 (0.979, 1.022) 1.043 (1.014, 1.073) 0.965 (0.885, 1.052) 1.061 (1.002, 1.123) 0.950 (0.918, 0.982) 
1 → 3 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 
2 → 1 0.979 (0.957, 1.001) 1.010 (0.987, 1.033) 1.032 (1.001, 1.064) 1.103 (1.003, 1.213) 1.102 (1.035, 1.172) 1.016 (0.978, 1.055) 
2 → 3 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 1.000 -- 
Source: Survey of Health, Ageing and Retirement in Europe (SHARE), Waves 4 – 7. Own calculations. 
Notes: Controlled for age, gender, education, and country. State 1: no limitation; State 2: limitation; State 3: dead. 

 
 


