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ABSTRACT

A compelling literature substantiates that our social worlds have significant and far-reaching effects on
health and well-being throughout life. Yet, few studies of social factors and their effects on health have been
embedded within the twin design. Towards this end, we have initiated a new twin study on social factors and
health which will investigate the genetic and environmental influences on social environments, and explore
how social environments mediate these influences on physical and mental health. Herein, we describe the
study sample, response rates and measures. Twins born 1935-1960 and 1967-1974 were invited to complete
a questionnaire and these data were supplemented with information on cardiovascular disease and cancer
through linkage to national health registries. Among the 10655 twins who were contacted, responses were
received from 5446 individuals (1989 pairs and 1468 single responders). The subsample of pairs where both
twins responded includes 1004 identical (MZ) pairs and 985 fraternal (DZ) pairs. The overall individual and
pairwise response rates were 51% and 37%, respectively. The average age is 61.54 years, 56.1% of the
responders are female and 46.1% are identical twins. MZ twins were more likely to participate than DZ
twins. Sex and age effects were statistically significant for many of the psychosocial measures and for
measures of support and strain in the social network. There were no differences in the social networks
between twins in pairs where both twins responded and twins in pairs where only one twin responded.
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in any medium, provided the original work is properly cited.

INTRODUCTION

We describe a new Norwegian twin study that will ex-
plore diverse social environments and how they modify
health. Our focus on social environments stems from a
large epidemiological literature documenting that social
worlds have significant and far-reaching effects on
physical and psychological health throughout life (1-
7). Social integration and engagement are associated
with improved growth and development in children,
lower biological risk profiles in adults (8,9), reduced
risks for cognitive and physical decline (10-13), greater
resilience to a host of somatic diseases (14), lower risks
for disease (15) and disability (16), and greater longe-
vity (17,18). These effects are sizeable and confer as
great a risk to health and mortality as do the most im-
portant known risk factors such as smoking, obesity,
high blood pressure and sedentary lifestyle (3).

While the initial research on social engagement fo-
cused primarily on beneficial effects of social support,
later studies have begun to illuminate the equally
important negative effects of social conflict (19-21).
Likewise, perceptions of social isolation are also pre-
dictive of physical and mental health, with greater
frequency of perceived social conflict associated with
poorer biological risk profiles (20-22) and mortality
(23,24). Experimental data complement these findings
and demonstrate that being in socially supportive rela-
tionships buffers against illness and improves resili-

ence to physical and emotional stress (25,26). Per-
ceived stress has also been linked to higher risks for a
range of major health outcomes, including cardiovas-
cular disease, clinical depression, autoimmune disease,
HIV/AIDS and respiratory infections (27-29).

Research into causal effects behind these associa-
tions is also beginning to accrue. Findings suggest that
deficits in social worlds impact health through physio-
logic dysregulation. This occurs in conjunction with
chronic activation of immune, metabolic and neuro-
endocrine systems that influence disease-related
pathways (23,30,31). Results from large longitudinal
studies that analyzed how social relationships impact
health and longevity are also providing novel insights
into the life-course process through which these paths
unfold (32).

Despite this large literature, few studies have
utilized the twin design to explore social environments
and their effects on health. However, new insights into
the nature of these relationships can be gained by leve-
raging unique features of the twin design. First, twin
studies can control for potential confounding that can
arise when there is overlap between the genetic and
environmental factors that influence both the social
environments (exposures) and the health outcomes.
Second, twin studies can help elucidate the genetic and
environmental covariance structure underlying the
relationships between different social environmental
measures (33) and between social environments and
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health. Finally, twin models are valuable for testing
gene-environmental interactions whereby social envi-
ronments moderate genetic influences on health.

We describe a new twin study that will exploit the
twin methodology to study social environments and
their effects on health. The purpose of this paper is to
present basic information about the study. This
includes: 1) descriptions of the sample, measures and
questionnaire response rates, 2) an overview of the
psychosocial and social environmental measures,
including tests for effects related to age, sex and the
number of twins within a pair who responded, and 3)
an assessment of the concordance for cardiovascular
and cancer outcomes.

DESCRIPTION OF DATA COLLECTED

In 2014, we initiated a 12-page mail-out questionnaire
study that collected extensive information about social
environments and health from a large cohort of twins
aged 40-80 years who are participants in the Norwegian
Twin Registry (NTR) (34,35). The twins were invited
in two waves depending on the status of their consent
to be in the NTR (first invitation sent in September
2014 to 4700 pairs, and second invitation sent in No-
vember 2014 to 654 pairs). One reminder was sent in
the period from November-December 2014 to the
twins who did not respond to their original invitation.
Through linkage of the questionnaire data to national
health registries, we have nearly complete ascertain-
ment of cardiovascular diseases registered after 2012
and cancer from 1953 through 2012 among the parti-
cipants, all coded using the ICD-10. The questionnaire
included items about body composition, physical and
mental health, medication use, health behaviors and
lifestyle measures, social environments (perceived
stress, social networks, loneliness and social support
and social strain, relationship with co-twin), psycholo-
gical well-being, self-perceived health, demographic
information (education, retirement status, and income)
and the degree to which physical and mental health
interfered with daily functioning.

The measures of social environments and psycholo-
gical status were based on established scales. The Per-
ceived Stress Scale (PSS) developed by Cohen is the
most widely used psychological scale for measuring
perception of stress (36). The Social Network Index
(SNI), also developed by Cohen and colleagues, pro-
vides information on the range of different types of
social relationships maintained by the participant (37).
Loneliness was measured using the R-UCLA loneli-
ness scale (38). Measures of social support and strain
related to major classes of social ties (spouse, family,
friends) are from the national Mid-life in the US
(MIDUS) study (http://www.midus.wisc.edu/) (39,40).
These scales have excellent psychometrics (41) and
have been administered successfully via self-adminis-
tered questionnaire to US adults from a wide range of
educational backgrounds. A unique feature of our
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study is that we extended the measures of social
support and strain to include the relationship with the
co-twin. The questionnaire also included the Center for
Epidemiologic Studies Depression Scale (CES-D) and
the Mental Health Continuum Short Form (MHC-SF).
The CES-D is a 20-item scale commonly used to mea-
sure depressive symptomatology (feelings and beha-
viors) in the general population. It demonstrates high
internal consistency and adequate test-retest reliability
(42). The MHC-SF scale consists of the 14 items
selected from the longer MHC (40 item) scale that are
the most prototypical items to measure emotional,
psychological and social well-being. Estimates of
internal consistency reliability in the MHC-SF are very
high and the test-retest validity is considered adequate
(43). To parallel the scale construction used in MIDUS
we calculated two versions of the support and strain
scales that reflect an average scale score and a total
(summed) scale score. Positive scales are coded such
that a higher value means better well-being, and nega-
tive scales are coded such that a higher value denotes
worse well-being.

Information to determine a positive history of car-
diovascular disease (CVD) or CVD symptomatology
was obtained through linkage to the Norwegian
Cardiovascular Disease Registry (NCDR),
(http://www.thi.no/artikler/?id=112056) and through
several self-report items included in the questionnaire.
The NCDR was formally established in 2012. It is a
mandatory, person-identifiable national health registry
containing information about patients with cardio-
vascular disease who were discharged from hospitals
or out-patient clinics with ICD-10 codes relevant for
CVD. It also includes information about deceased
persons with CVD-related diagnoses as the underlying
or contributing cause of death (44). Our information
obtained through record linkage was updated through
2013. The questionnaire included six self-report CVD
items including high blood pressure, arrhythmia,
blocked artery/coronary disease/angina, cardiac infarc-
tion, other heart problems and stroke. An individual
was assigned a positive score for CVD if he/she had at
least one registration in the NCDR or responded yes to
any of the CVD self-report items. A positive history of
cancer was determined by registration in the national
Cancer Registry of Norway (CRN). Since 1952, the
CRN has systematically collected notifications on all
cancer occurrences for the Norwegian population. The
registration is considered to be close to complete from
1953 onwards; estimates based on a comprehensive
study of quality indicate 98.8% completeness for the
period from 2001 to 2005 (https://www kreftregisteret.
no/en/). At the time of record linkage to our study data,
the CRN contained ICD-coded diagnoses from 1953
through November 2012.

The concordance estimates are based on the sub-
sample of twins for which both twins participated and
therefore precludes problems related to single or double
ascertainment of pairs (45). The casewise concordance



SocCIAL FACTORS AND HEALTH: DESCRIPTION OF A NEW NORWEGIAN TWIN STUDY

Removed persons

E unable to take part i

The Norwegian Twin
Registry (NTR)

v

Twins born from 1935-1960
and 1967-1974 (N=10708
individuals in 5354 pairs)

invited to participate

v

N=10655 individuals received
questionnaire, includes 5354
pairs (996 MZ males, 1322 DZ
males, 1303 MZ females, 1578
DZ females, 103 DZ opposite-
sex pairs) plus 51 single twins.

Removed persons
with missing
addresses (n=30)
and deaths (n=23)

Removed Qs that E
were returned blank E

95

due to illness (n=17) V (n=28)
Completed Qs received from
5446 twins (1989 complete pairs
Pt | and 1468 single responders)
1 Responses from | g~
i fourindividuals
! received too late for E +
1 inclusion in data file |
e ' Current analysis based on 5442
twins (1986 complete pairs and
1470 single responders)
Figure 1. Flowchart showing recruitment to study.
Table 1. Overview of the number of pairwise and individual responses.
Pairs only one  Undeli-  Questionnaires
Pairs received  twin received  verable returned Pairs Single
Birth cohort  Pairs questionnaire  questionnaire  address unanswered  responded responders
1935-1944 1092 1078 14 2 14 392 279
1945-1954 2270 2254 15 10 13 779 645
1955-1960 1505 1484 21 17 1 484 433
1967-1974 487 486 1 1 0 334 111
Total: 5354 5302 51 30 28 1989 1468

rate is the probability that one twin is affected with the
disease, given that the other twin is affected.

The study was approved by the regional ethics
committee.

RESULTS

Response rates

Figure 1 provides a flow-chart summarizing the recruit-
ment of twins to this study. Briefly, twins born from
1935-1960 and from 1967-1974 were invited to parti-
cipate in the study. Altogether, 5354 pairs were invited
to participate. However, due to missing addresses (30
persons) and death (23 persons), 5302 of these pairs
(996 MZ males (MZM), 1322 DZ males (DZM), 1303
MZ females (MZF), 1578 DZ females (DZF) and 103
DZ opposite-sex pairs (DZO)) plus 51 single twins re-
ceived the questionnaire, altogether 10655 individuals.
In response to the questionnaire invitation, 17 persons

called (either themselves or represented by their spouse/
co-twin) and indicated that they were unable to partici-
pate due to illness. Twenty-eight of the returned ques-
tionnaires were totally blank. Altogether, completed
questionnaires were received from 5446 twins, compri-
sing 1989 complete pairs and 1468 single responders.
Among the single responders, 1458 are from the 5302
pairs for which both twins received the questionnaire
and 10 are from the 51 incomplete pairs for which only
one twin received the questionnaire. Table 1 provides
an overview of the number of questionnaires sent and
received, stratified by 10-year birth cohorts.

Table 2 presents the response rates by sex and zygo-
sity. Logistic regression analyses using generalized
estimating equations (clustering on twin pairs) were
conducted to test for significant effects of sex or zygo-
sity on the response rates. This approach takes depen-
dency within the twin data into account. Findings
revealed that MZ twins were more likely to answer the
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Figure 2. Response rates by birth-year groups based on the sample of 5302 pairs where both twins received the questionnaire.

Table 2. Pairwise and single response rates by zygosity and sex.

Responses for 5302 pairs where

Total number of responses
from 10655 who received

Responses for twins from 51
pairs where only one twin

both twins received the questionnaire and: received the questionnaire questionnaire
Both twins One twin Neither twin Response No response

Group responded (%) responded (%)  responded (%) (n) (n) n (%)
MZM 403 (40.5%) 275 (27.6%) 318 (31.9%) 2 9 1083 (54.1%)
DZM 375 (28.4%) 477 (36.1%) 470 (35.6%) 5 14 1232 (46.3%)
MZF 601 (46.1%) 227 (17.4%) 475 (36.5%) 1 9 1430 (54.7%)
DZF 549 (34.8%) 447 (28.3%) 582 (36.9%) 2 9 1547 (48.9%)
DZO 61 (59.2%) 32 (31.1%) 10 (9.7%) 0 0 154 (74.8%)
TOTAL: 1989 (37.5%) 1458 (27.5%) 1855 (35.0%) 10 (19.6%) 41 (80.4%) 5446 (51.1%)

questionnaire than DZ twins (probability 0.54 vs. 0.44,
respectively, p=0.00). However, the response rate did
not vary significantly by sex (p=0.10), and the proba-
bility of responding was 0.52 among females and 0.50
among males. Using the 1935-1944 birth cohort as a
reference, response rates among twins in the pairs for
which both twins received the questionnaire did not
differ among the older cohorts born 1935-1960 (odds
ratios are 0.98 (0.86-1.13) for 1945-1954 cohort and
0.91 (0.79-1.05) for the 1955-1960 cohort). In contrast,
response rates were greater among the youngest group
born 1967-1974 (odds ratio is 4.32 (3.48-5.36)) in
which both twins responded in more than 60% of the
pairs (Figure 2). It is important to note that the NTR
was in the process of renewing consent for all twins
born 1967-1979 (which includes our youngest group)
and thus we were only able to invite those twins in this
group who had responded promptly that they would
like to continue their participation in the NTR.

Data from four individuals among the 5446 who
completed the questionnaire are not included in the
final data file as they were received too late. The
analyses are thus based on data from 5442 twins (1986
complete pairs and 1470 single responders). The
average age of the sample is 61.54 years (SD=9.38),

and the average ages for the groups defined by
zygosity and sex are 62.74 (SD=9.26) for MZ males,
63.26 (SD=7.92) for DZ males, 60.35 (SD=10.03) for
MZ females, 62.13 (SD=8.47) for DZ females and
44.26 (SD=2.26) for DZ opposite-sexed pairs. The
DZO twins are markedly younger because DZO pairs
were not recruited into the older cohorts of the NTR.
Other descriptive characteristics of the data sample can
be found in Table 3.

Descriptive results for the scales

Descriptive results for the main social-environmental
and psychosocial scales are presented in Table 4,
which shows the number of respondents, the number
and percent missing on each scale and the means, stan-
dard errors, and median values for the untransformed
scales. Prior to applying the established algorithms for
assigning individual scale scores, we inspected the
number of missing items for each scale. For a total
scale score to be calculated, more than 75% of the
scale items had to be answered by the respondent,
otherwise a missing score was assigned to the scale. If
less than 25% of the items for any scale were missing,
then the missing values were replaced by the mean of
the non-missing items for that individual. The psycho-
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Pair responders ~ Single responders Total
Sub-sample (%) (n=3972) (n=1470) (n=5442)
Male, % 40.7 52.5 439
MZ, % 50.5 344 46.1
MZM, % 20.2 18.9 19.9
DZM, % 18.9 32.8 22.6
MZF, % 30.2 15.5 26.2
DZF, % 27.6 30.6 28.4
DZO0, % 3.1 2.2 2.8
Education:
Grade school or less, % 14.6 18.2 15.6
High school, % 41.0 432 41.6
University or higher education (<4 years), % 23.1 22.0 22.8
Graduate or professional (>4 years), % 19.5 15.3 18.3
Married, % 75.9 75.8 75.9

Table 4. Descriptive results for psychological and social scales among the 5442 respondents.

Scale n missing (%) Mean SD Median
PSS 108 (2.0) 12.47 5.30 12.00
MHC-SF 194 (3.6) 48.78 12.17 51.00
CES-D 105 (1.9) 9.94 7.66 8.00
UCLA loneliness scale 132 (2.4) 31.61 8.42 30.00
SNI number of roles 10 (0.2) 5.30 1.87 5.00
SNI number of people 10 (0.2) 25.78 22.29 20.00
SNI number of embedded networks 10 (0.2) 1.97 1.26 2.00
Family support 89 (1.6) 3.52 0.52 3.75
Family support sum* 89 (1.6) 14.07 2.10 15.00
Family strain 108 (2.0) 1.72 0.55 1.75
Family strain sum* 108 (2.0) 6.88 2.22 7.00
Family affectual solidarity 87 (1.6) 3.40 0.44 3.50
Friends support 150 (2.8) 341 0.53 3.50
Friends support sum* 150 (2.8) 13.62 2.13 14.00
Friends strain 153 (2.8) 1.56 0.48 1.50
Friends strain sum* 153 (2.8) 6.24 1.93 6.00
Friends affectual solidarity 138 (2.5) 3.42 0.40 3.50
Spouse support 1113 (20.5) 3.71 0.47 4.00
Spouse support sum* 1113 (20.5) 14.83 1.88 16.00
Spouse strain 1119 (20.6) 2.04 0.60 2.00
Spouse strain sum* 1119 (20.6) 8.16 2.38 8.00
Spouse affectual solidarity 1104 (20.3) 3.33 0.46 3.38

*Sum refers to the version of the scale score that was calculated by summing items rather than taking the mean.

social and social environmental scales have a rather
low number of missing scores (0.18-3.56%). However,
the pattern is different for the scales measuring spouse
support and strain where more than 20% of the partici-
pants have missing values. This is explained primarily
by these respondents not having a spouse or partner
due to being widowed, divorced, separated or never
married.

The scale distributions were inspected to guide
transformations in preparation for the parametric
analyses. We inspected histograms and Q-Q plots of
the original data plus histograms and Q-Q plots of the
residuals of a linear model accounting for effects of
age and sex. We also examined the Box-Cox plots

generated from this model. Based on these results,
either a continuous or a dichotomous scale transforma-
tion was applied as indicated in Table 5.

Continuous transformations (raising to a power or
taking the natural logarithm) were applied on the basis
of information generated from the Box-Cox plots. The
equations used for these transformations are described
in Table 5. For the dichotomous transformations, mini-
mum (min), maximum (max) or median (med) of the
original scale scores in the whole sample were used as
thresholds for dichotomizing. If the minimum was
chosen as a threshold, then all the original scale scores
that were equal to the minimum were coded as 0's and
all other values were coded as 1's in the dichotomized
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Table 5. Effects of sex, age and number of twins within the pair that responded (pair_response) for the transformed scales.

Effects associated with:

Scale Sex" Age"™" Pair_response
pss® ! 1.22% 0.02 -0.12
MHC-SF*? -6.38 3.90 -57.33
CES-D**° 0.23* 0.01* -0.07
UCLA loneliness scale” ™" -0.00 0.00 0.00*
SNI number of roles*”' -0.17* -0.08* 0.14
SNI number of people™™ -0.13* -0.03* 0.08
Spouse strain™ *> -0.01 0.00 0.01
Spouse strain sum® *~ -0.02 -0.00 0.01
SNI number of embedded networks™™> -0.22% -0.05%* 0.06
Family support™~* 0.23* 0.01 0.05
Family support sum™>'¢ 0.23* 0.01 0.05
Family strain™""! 0.17 -0.02* -0.06
Family strain sum™"* 0.17 -0.02* -0.06
Family affectual solidarity™¢=" -0.03 0.01* 0.08
Friends support™=-* 0.88* -0.02* -0.02
Friends support sum™¢"* 0.88* -0.02%* -0.02
Friends strain® ™" -0.08 -0.01 -0.03
Friends strain sum® ™" -0.08 -0.01 -0.03
Friends affectual solidarity™= 0.53* -0.00 -0.05
Spouse support™™~* -0.45% 0.00 -0.03
Spouse support sum™> !¢ -0.45% 0.00 -0.03

* Sex is coded as O=male, 1=female.

** Age was centered on the mean age of the sample (62 years).

# Scale is scored in such a way that a higher value means less positive psychological or social well-being.

* Continuous scale transformations: z=y" (if a#0) or z=log(y+1/10*m) (for a=0 and m the minimal positive y) where y and z are original and
transformed scale scores, respectively. If a=0, the natural logarithm of the original scores was taken (to ensure non-zero values, a tenth of
the minimum positive value was added to each original score before taking the logarithm); for a#0 raising to the power a was applied.

Distributions of the scales listed below the dotted line were dichotomized using transformations whereby the minimum (min), maximum
(max) or median (med) of the original scale scores were used as thresholds for dichotomizing.

* p<0.01

variable. If the median was chosen as a threshold, then
all the original scale scores that were lower than or
equal to the median were coded as 0's and all other
values were coded as 1's in the dichotomized variable.
If the maximum was chosen as a threshold, then all the
original scale scores that were lower than the maximum
were coded as 0's and all other (i.e. all equal to the
maximum) were coded as 1's in the dichotomized
variable.

Simple descriptive analyses of the scales or their
relevant transformed versions were then conducted.
We fit a simple generalized estimating equation (GEE)
model Y=sex + age + pair_response, where Y is a
chosen scale, age is centered around the mean of age
62 from the total sample and pair response is an
indicator for whether responses were received from
only one or from both twins within a pair. Results are
reported in Table 5.

To provide a general overview of incidence in our
data, Table 6 shows the number of pairs concordant
and discordant for CVD and cancer, stratified by zygo-
sity, and with separate columns reflecting the source of
the CVD diagnosis. In the subsample where both twin
responded, 1651 individuals (42%) had at least one

CVD-related problem or diagnosis as measured by the
combined information from the NCDR and the
questionnaire. Among these, 753 reported high blood
pressure only. For cancer, 324 individuals (8%) had
received a diagnosis in the NCR.

DiSCcUSSION

We describe a new twin study that will explore social
environments and their effects on diverse health and
functional outcomes in twins aged 40-80 years, with
an average age of 61.54 years. Among the 10655 twins
who received the questionnaire (5302 pairs plus 51
single twins), responses were received from 5446
individuals (1989 pairs and 1468 single responders).
The overall individual and pairwise response rates
were 51% and 38%, respectively. These response rates
are lower than in our earlier questionnaire studies
(73% individual and 63% pairwise (46), and 63%
individual and 53% pairwise (47)). Reduced response
rates are consistent with a general downward trend in
participation that has been observed in epidemiological
studies (48). While we are unable to determine the
degree to which our response rates reflect this general
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Table 6. Concordance for CVD and cancer diagnoses based on sample of responding pairs.

Any CVD, NCDR" or Cases Cancer Registry,

NCDR* Questionnaire CVD" Questionnaire” diagnosis > 1°
Casewise Casewise Casewise Casewise
+/+  +/- Condordance ++  +/- Condordance ++  +/- Condordance ++ +/- Condordance
™ MN) (95% CD) ™ N (95% CD) ™ N (95% CD) N N (95% CI)
MZM 28 97 0.37(0.27-0.46) 115 123 0.65(0.59-0.71) 132 127 0.68 (0.62-0.73) 14 40 0.41 (0.26-0.56)
DZM 20 104 0.28(0.18-0.37) 77 156  0.50(0.43-0.57) 89 166 0.52(0.45-0.58) 5 57 0.15(0.03-0.27)
MZF 19 117  0.25(0.16-0.33) 140 149  0.65 (0.60-0.70) 154 174  0.64 (0.59-0.69) 10 85 0.19 (0.09-0.29)
DZF 11 104 0.17 (0.09-0.26) 81 200 0.45(0.38-0.51) 95 222 0.46 (0.40-0.52) 1 79 0.02 (-0.02-0.07)
DZO 1 7 0.23(-0.14-0.58) 2 15 0.21(-0.03-0.46) 4 14 0.36(0.11-0.62) 0 3 -

*NCDR: Norwegian Cardiovascular Disease Registry (years 2012-2014)
" Self-reported CVD disease
¢ Cases counted based on year of first diagnosis (case in Cancer Registry 1952). All cases have one or more diagnoses.
“* Pairs concordant for disease
" Pairs discordant for disease

trend, other factors may also be at play. For example,
our sample was much older and our questionnaire sub-
stantially longer than in our previous studies. We were
unable to conduct a full assessment of the reasons for
non-participation, 47 individuals voluntarily provided
feedback about why they opted not to participate.
Health and function-related problems were clearly the
most common explanation (n=31). Death or illness in
the family was the second most common reason. Our
information is quite limited as it is based on only 47
individuals from among several thousand non-respon-
ders, it does however reflect many of the commonly
known reasons for non-response. Health problems are
a well-known source of non-participation in epidemio-
logical studies, particularly among older samples where
a greater frequency of cognitive impairment and other
health issues interfere with completing the question-
naire. Indeed, response rates were greater among the
youngest group in our sample. Our study also con-
tained some particularly personal items inquiring about
closeness, conflict and support with family members,
including the spouse and co-twin. Some individuals
provided feedback that they found these questions too
intrusive, but then the tendency was to abstain from
answering those questions rather than not participate in
the study. The largest source of bias due to non-
response is most likely reduced variation in the health
outcomes. However, our preliminary analyses reveal
that the variation in the data from the responding sam-
ple is sufficient to explore the relationships between
the psychosocial measures and their impact on health
in this functional sample.

As is typical for twin studies, MZ twins were more
likely to participate than DZ twins. In addition, we did
not observe the well-known sex differences in response
rates overall; men were as likely to participate as
women. However, when we limit to pairs where both
twins responded, we see that males comprise a smaller
percentage (40.7%) of the sample. This reflects, in
part, sex differences in the composition of the original
sample (43% men and 57% women).

We conducted preliminary analyses of the measures
to characterize the trends in our data. Sex effects were
significant (p <0.01) for many scales but not for
MHC-SF, loneliness, family affectual solidarity and
strain scales (spouse, family and friends). Compared to
men, women reported higher levels of perceived stress
and depressive symptomatology, higher levels of
support from family and friends, but lower levels of
spouse support. Men scored higher on indices of social
networking as reflected by the number of social roles
and number of embedded networks. Age effects were
significant (p <0.01) for CES-D and SNI scales, for
family strain and family affectual solidarity, and for
friends support. In general, age was positively associa-
ted with higher levels of depressive symptomatology,
and less contacts and networks as measured by SNI,
but with better levels of family affectual solidarity.
Friends support, however, decreased with age, as did
reported strain from family.

We also tested whether the number of twins within
the pair who responded to the questionnaire was pre-
dictive of scores on the psychosocial and social
environmental measures. Tests of differences between
the individuals from pairs where both twins responded
versus just one twin responded could provide insights
into potential bias in our data if the values from
doubly-responding pairs reveal that the scores for these
individuals differed significantly and consistently in
ways that reflected greater closeness and co-twin soli-
darity. We found a positive association (p < 0.01) only
for the UCLA loneliness scale, however, the estimate
of the effect was very close to zero. Scores for the
other psychosocial and social environmental scales did
not differ between the individuals from pairs where
both twins responded versus pairs where only one twin
responded.

Estimates of concordance and discordance for
CVD-related outcomes and for cancer reveal greater
MZ than DZ similarity. These values were generated
in preliminary analyses to provide frequency overviews
for the sample of participating pairs, and should be
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interpreted with caution for several reasons. The
NCDR registry was established in 2012 and therefore
cases occurring prior to that are missed. We have
supplemented with information from our questionnaire
to form a highly varied category of CVD-related out-
comes. Likewise, our cancer data obtained through
linkage to the national cancer registry was complete
through November 2102, so it will not include cases
occurring after that date. These gaps can be filled
through updated matches of our data to the NCDR and
CVD registries. Importantly, the current values reveal
sufficient variation in these health measures, showing
concordance and discordance across zygosity groups,
to analyze models of the relationships with the psycho-
social and social environmental measures.

SUMMARY

We describe a new twin study designed to investigate
social worlds and their relationship to health and well-
being in a Norwegian population. The data collected
from these twins aged 40-80 years, including record
linkage to the CVD and Cancer registries, will provide
a strong basis for understanding the importance of
genetic and environmental influences on social worlds.
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twins whose co-twin did not respond allows us to also
test for differences in the pair versus single responders,
and to exploit models that use the single responders as
random pairs in statistical applications to test for
causal versus pleiotropic effects (49). We hope to
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