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Abstract We analyzed genetic and environmental
determinants of self-rated health and its change from
adolescence to early adulthood. Questionnaires were
mailed to Finnish twins born 1975-1979 at ages 16, 17,
181 and, on average, 25 years of age (N = 2465 com-
plete twin pairs). The data were analyzed using quan-
titative genetic methods for twin data by the Mx
statistical package. Heritability of self-rated health was
greatest at age 16 (63%, 95% confidence intervals (CI)
56-67%, men and women together) and declined
steadily to age 25 (33%, 95% CI 25-41%). The residual
variation was due to unshared environments. Health
ratings at different ages were modestly correlated
(r = 0.33-0.61). These correlations were mainly due to
genetic factors, but unshared environment also con-
tributed to them. An important challenge for further
research is to identify environmental influences con-
tributing to self-rated health independently of, or in
interaction with, genetic factors.
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Heritability

Self-rated health is a widely used indicator in health
research. This indicator is typically based on a single
question asking the respondents to rate their current
health status on scale from good to bad. Although self-
rated health is a ‘“‘subjective” measure, it has been
found to be a good predictor of mortality (Idler and
Benyamini 1997), functional disability (Idler and Kasl
1995), and the use of health services (Miilunpalo et al.
1997), suggesting that self-rated health and medically
confirmed health indicators are closely interrelated.
This is supported by a previous methodological study
(Manderbacka 1998) which found that self-rated health
is primarily based on physical ill-health and functional
disability rather than psychological characteristics or
mental health. Previous studies have also indicated that
self-rated health is unidimensional rather than multi-
dimensional, i.e., the same factors contribute both to
good and bad self-rated health (Manderbacka et al.
1998). Self-rated health is therefore a useful, simple
and inexpensive indicator of a person’s general health
status.

Although the demographic, socioeconomic and
psychosocial determinants of self-rated health, as well
as its predictability of further health outcomes, have
been extensively studied, the genetic architecture of
self-rated health remains poorly understood. In previ-
ous twin studies from Denmark (Christensen et al.
1999), Finland (Leinonen et al. 2005), Sweden (Harris
et al. 1992; Svedberg et al. 2001), Norway (Rgysamb
et al. 2003) and the USA (Romeis et al. 2000) envi-
ronmental factors not shared by family members

@ Springer



Behav Genet

explain a major part, i.e. from 60% to over 90%, of the
variation of self-rated health. These studies have,
however, produced contradictory results on whether
the remaining phenotypic variation is due to common
environmental factors, i.e. environment shared by
family members, or to genetic factors. These incon-
clusive results are probably partly due to small sample
sizes in some of these studies but may also be explained
by differences in age between the study samples, as it is
possible that heritability of self-rated health changes
with age. Previous studies have shown, for example, a
clear change in heritability of intelligence as genetic
factors become more important from childhood to
adulthood (Plomin and Spinath 2004). The heritability
of self-rated health in adolescence or the changes of it
during ageing have not been studied.

In this study, we investigate the relative contribution
of genetic and environmental influences on self-rated
health, using a longitudinal design, based on identical
measurement of self-rated health on four occasions
from adolescence, i.e. 16 years, to early adulthood, i.e.
25 years, in a sample of 2465 complete Finnish twin
pairs.

Data and methods

The data were derived from the FinnTwinl6 study
cohort described in detail elsewhere (Kaprio et al.
2002). A baseline survey questionnaire was sent during
the years 1991-1995 to all Finnish twins born 1975-
1979 within 2 months after their 16th birthday.
Zygosity was defined using questions on physical sim-
ilarity during school age. This method has shown high
reliability in Finnish twin data (Sarna et al. 1978). The
number of twin individuals with known zygosity was
4940 including 2465 complete twin pairs. The response
rate was 88% in this baseline survey. Three follow-up
questionnaires were sent to all persons who partici-
pated in the baseline survey. The first follow-up ques-
tionnaire was sent in the month after the 17th birthday,
the second follow-up questionnaire, on average,
6 months after the 18th birthday and the third follow-
up questionnaire at semi-annual intervals during the
years 2000-2002 when the participants were, on aver-
age, 25-years-old (range 22-27 years). The response
rates in these follow-up surveys were 90%, 95% and
88%, respectively. In each survey, one reminder was
sent to those who did not respond to the questionnaire,
and subsequently, non-respondents were called by
phone. The average delay of response was 40 days in
the baseline survey and 29, 28 and 31 days in the fol-
low-up surveys, respectively. The exact mean ages at
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the time when the respondent returned the question-
naire were 16.2 (SD 0.14), 17.1 (SD 0.08), 18.6 (SD
0.17) and 24.5 (SD 0.94) years, respectively.

In each of the four waves of assessment, self-rated
health was assessed by an identical question that of-
fered five preset response alternatives. The question
reads: “What do you think about your current health
status? Is it (1) Very good; (2) Fairly good; (3) Aver-
age; (4) Fairly poor; or (5) Poor”. Because very few
respondents reported their health as poor, this cate-
gory was combined with fairly poor health.

The data were analyzed using quantitative genetic
methods for twin data based on structural equation
modeling (Neale and Cardon 1992). The models were
fitted by the Mx statistical package using raw data
input (Neale 2003). Classical twin analysis allows
decomposition of the phenotypic variation into addi-
tive genetic variation (A), dominance genetic variation
(D), which includes the interaction of alleles in the
same locus (dominance) as well as the interaction
between the alleles over all relevant loci (epistasis),
environmental variation common to co-twins (C) and
environmental variation unique to each twin individual
including measurement error (E). Because we only
have information on monozygotic (MZ) and dizygotic
(DZ) twin pairs reared together, dominance genetic
and common environmental effects cannot be simul-
taneously modeled. Also using twin data only, we
cannot determine the possible effects of assortative
mating and gene—environment interaction and have to
assume that both are negligible. If phenotypic assort-
ment by health exists, this will inflate DZ correlations
and may consequently cause overestimation of the
common environmental variance component and
underestimation of heritability. The presence of gene—
environment interaction is confounded with the addi-
tive genetic component. In other words, the additive
genetic component estimated in the current twin sam-
ple may include both a main effect of genetic factors
and genetic differences in susceptibility to environ-
mental conditions.

As self-rated health was measured on an ordinal
scale, a threshold model was used to estimate the
contributions of genetic and environmental factors. We
first modeled self-rated health separately at each age,
where we tested whether the thresholds of self-rated
health were similar for males and females and for MZ
and DZ twins using nested likelihood ratio tests. The
best fitting models were used in subsequent multivari-
ate modeling, in which we used a Cholesky decompo-
sition of the variance (Fig. 1). Such modeling assumes
that specific genetic and environmental factors affect
each phenotype but these factors can also affect other






















<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


