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Self-rated health (SRH) is commonly used in longitudinal analyses as a repeated outcome measure. This
assumes that computed changes in SRH over time truly represent within-individual changes in under-
lying health. The longitudinal validity of SRH, however, is threatened by ceiling effects (where people
reporting the highest level of SRH cannot report subsequent improved health), insensitivity to small
changes within SRH categories, reference group effects (where individuals assess their health changes
relative to their peers) and stability in SRH even when change in underlying health is occurring. We
assessed the longitudinal validity of SRH by comparing computed changes in SRH with a measure of self-
assessed change in health (SACH). We used two waves of data (2003—2005) from the New Zealand
longitudinal Survey of Family, Income and Employment (SoFIE). Computed change in SRH and SACH were
compared directly and also in regression models using an objective measure of health outcome change
(hospitalisations within the past year).

Computed change in SRH and SACH were not well correlated, consistent with ceiling and/or catego-
risation effects in SRH. In regression models, SACH was more strongly predictive of hospitalisation than
computed change in SRH (worse SACH was associated with an increased odds of hospitalisation of 3.7
compared to 1.8 for decreased computed change in SRH). SACH may be affected by recall bias, but if SRH
is used as a repeated outcome measure in longitudinal analyses, results may also be biased, if change in
SRH does not occur in response to significant health events.

© 2012 Elsevier Ltd. All rights reserved.

Background

Self-rated health (SRH), where individuals are asked to rate their
health along a scale such as “excellent, very good, good, fair or
poor”, is a commonly used health outcome in many disciplines. It is
generally accepted as being valid, reliable, and predictive of
mortality in a wide range of populations (Benyamini & Idler, 1999;
Burstrom & Fredlund, 2001; DeSalvo, Bloser, Reynolds, He, &
Muntner, 2006; Idler & Benyamini, 1997; Jylhd, 2009; Singh-
Manoux, Gueguen, et al., 2007), with statements on its validity
primarily based on single assessments of SRH compared to future
mortality (Benitez-Silva & Ni, 2008; Idler & Benyamini, 1997;
Sadana, Mathers, Lopez, Murray, & Iburg, 2000). Recent chal-
lenges to the reliability of SRH have suggested that socioeconomic
position may modify the SRH-mortality relationship (Dowd &
Zajacova, 2007; Huisman, van Lenthe, & Mackenbach, 2007;
Quesnel Vallee, 2007; Singh-Manoux, Dugravot, et al, 2007).
However, this effect is not always found (Burstrom & Fredlund,
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2001; van Doorslaer & Gerdtham, 2003) and it has been argued
that, overall, SRH can still be considered a reliable tool to assess
social inequalities in health (Subramanian & Ertel, 2008a, 2008b).

However, the validity of SRH in a longitudinal context has not
been so closely scrutinised. The longitudinal validity of SRH is not
concerned with whether a cross-sectional measure of SRH predicts
future mortality but whether computed changes in SRH, collected
over several time periods in a longitudinal survey, measure true
changes in health. By “computed changes” we mean either where
the analyst computes changes in the SRH question (asked of the
same people over time) by calculating the difference in responses
to SRH from one study period to the next or where repeated SRH
responses are analysed in a longitudinal model so that estimates
are interpreted as a function of change in SRH. The main aim of first
differenced (and fixed effects models, which subtract the individual
mean from all time-varying variables in the model) is to eliminate
the individual heterogeneity or unmeasured time-invariant con-
founding and give an estimate of change in the outcome (Imlach
Gunasekara, Carter, & Blakely, 2008; Wooldridge, 2002). However,
models that rely on change in the outcome are sensitive to
measurement error, which is a well-recognised problem (Cronbach
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& Furby, 1970; Hsiao, 2003), but one that is often overlooked when
these methods are applied to the outcome of SRH. A recent
systematic review (Imlach Gunasekara, Carter, & Blakely, 2011)
which included thirteen studies investigating the longitudinal
association between income and SRH, found that many used first
differenced, fixed effects or related methods, but only two dis-
cussed measurement bias as a potential cause of attenuation bias.

The problem of measurement error in SRH in longitudinal
analysis is also known as longitudinal validity (or responsiveness)
(Husted, Cook, Farewell, & Gladman, 2000; Terwee, Dekker,
Wiersinga, Prummel, & Bossuyt, 2003) and raises several issues.
The first is whether SRH, as a highly skewed variable, can accu-
rately measure change over time (Seymour, McNamee, Scott, &
Tinelli, 2010). The most obvious example of this is the ceiling
effect in SRH, where a large proportion of people report the highest
level of health (e.g. excellent) (Bech, Olsen, Kjoller, & Rasmussen,
2003; Bowling & Windsor, 2008). In New Zealand, 20% of indi-
viduals typically report excellent health in general health surveys
(Gerritsen, Stefanogiannis, & Galloway, 2008) but reporting
excellent health can be as high as 38% (Carter, Cronin, Blakely,
Hayward, & Richardson, 2010). However, individuals who rate
their health as excellent but feel their health has improved at
a later time cannot indicate this improvement using the SRH
question. Also, the categorisation of SRH means that information
about “true” changes in health may be lost, so that “no computed
change in SRH” does not necessarily signify an absence of actual,
and meaningful, change in health over time (Benitez-Silva & Ni,
2008). For example, a person may experience an improvement in
their “true” underlying health over two time periods but still
remain within the SRH category of “poor”.

The second problem of longitudinal validity is whether changes
in SRH accurately correspond to changes in “true” underlying
health. This can be measured by testing how well changes in SRH
correlate to changes in more objective or external measures of
health (Husted et al., 2000). This begs the question of what is “true”
health and how might this be measured. Although most SRH vali-
dation studies use mortality as the gold-standard comparison
health measure, this limits the understanding of “true” health to
an absence of life-threatening disease (Quesnel Vallee, 2007).
However, SRH measures more than the absence of disease, and
studies have shown that mental health, symptom scores and health
behaviours are all important determinants of SRH (Benyamini, Idler,
Leventhal, & Leventhal, 2000; Contoyannis & Jones, 2004; Singh-
Manoux et al., 2006). For longitudinal analyses, the relationship
between change in SRH and “true” health is of more relevance, but
changes in SRH are also predictive of more than mortality (Han et al.,
2005; Nielsen et al., 2009). Increased illness and comorbidity are
associated with worsened SRH (Heller, Ahern, Pringle, & Brown,
2009; Manor, Matthews, & Power, 2001; Orfila, Ferrer, Lamarca, &
Alonso, 2000; Rodin & McAvay, 1992) and studies in the elderly
have found that declines in physical, mental, psychosocial, and/or
cognitive functioning are predictive of decreases in SRH (Benyamini
et al,, 2000; Leinonen, Heikkinen, & Jylhd, 2001; Rodin & McAvay,
1992). These studies support the notion that changes in SRH
reflect changes in “true” health that extend beyond life-threatening
disease and mortality to reflect a host of risk factors and quality of
life issues, at least in the elderly and less healthy populations. This
still leaves the problem of accurately measuring “true” health, as
many other supposedly objective measures may also rely on self-
reports — of diseases, functional limitations and the Health Utility
Index (Dowd & Zajacova, 2010).

Although change in SRH is often demonstrated in response to
change in “true” health, this is not always the case. Studies have
compared SRH to other assessments of health over time and found
that although change in SRH does occur, there is also considerable

stability in SRH even when change occurs in other assessments of
health (Bailis, Segall, & Chipperfield, 2003; Boardman, 2006;
Perruccio, Badley, Hogg-Johnson, & Davis, 2010). This stability
has also been observed in the health economics literature
(Contoyannis, Jones, & Rice, 2004), where considerable state
dependence in SRH is seen even after controlling for observed and
unobserved confounding. Even when changes in “true” health
occur, previously reported SRH may be the strongest predictor of
current SRH (Bailis et al., 2003; Perruccio et al., 2010).

Self-rated health may be affected by several other problems of
longitudinal validity, where changes in SRH may not correspond to
changes in “true” health. Some people may have difficulty dis-
tinguishing between categories of SRH, leading to “grey areas”
between categories, so that a person with “true” fair health may
report “fair” health at one time period, and “poor” health at
another, introducing error (Benitez-Silva & Ni, 2008). Response
category cut-point shifts are another problem, where different
individuals have a different comprehension of how the SRH cate-
gories relate to true underlying health (Benitez-Silva & Ni, 2008;
Lindeboom & van Doorslaer, 2004). However, as long as individ-
uals have a constant understanding of how their own SRH and
underlying health are related, this may not always affect longitu-
dinal validity, for example, if data are analysed using fixed effects
models, as these account for individual heterogeneity by utilising
only changes within individuals over time (Allison, 2005). Cut-
point shift is most problematic in cross-country comparisons,
where calibration tests (with objective measures) (Lindeboom &
van Doorslaer, 2004) or vignettes are useful to make subjective
measures like SRH comparable (Murray, Tandon, Salomon, &
Mathers, 2001; Salomon, Tandon, & Murray, 2004).

A final issue is that of reference group effects (or scale of
reference bias), where individuals adjust their reported health
status to what they perceive to be appropriate for their age, situa-
tion and stage of life (even if an explicit reference group is not
given), compared to their peers (Groot, 2003). This leads to bias in
subjective health questions as some may report good health when
their “true” health is actually poor when measured more objec-
tively, because they perceive they are doing better than others
around them, or vice versa (Groot, 2003).

Given these limitations of SRH, it is surprising that lack of
longitudinal validity in SRH is often overlooked as a source of bias in
longitudinal analyses. An alternative way to assess change in health
is to directly ask the interviewee whether they think their health
has got better or worse over a period of time (for example, as asked
using the health transition question from the SF-36: “How do you
rate your health now compared to twelve months ago?” with
possible responses of: “Much better, a little better, same, a little
worse or much worse”). This question is hereafter referred to as
“self-assessed change in health” (SACH) (Ware, Kosinki, & Gandek,
2005). By way of contrast, the SACH question may be less prone to
this bias, potentially being less affected by ceiling effects, loss of
information from categorisation and the issue of “grey areas”. The
SF-36 (including the SACH question) has been found to be a valid
measure of change in health over time (Hemingway, Stafford,
Stansfeld, Shipley, & Marmot, 1997). Changes in the SACH ques-
tion have also been found to correspond to changes in health,
although mostly in comparison to changes in other self-reported
health questions (Frijters, Geishecker, Haisken-DeNew, & Shields,
2004); assessment of responsiveness is limited (Inwood & Roberts,
2010). Several studies have compared change in SRH and SACH,
including a small longitudinal study of elderly people in Finland,
where more participants reported deterioration in health from
a SACH question than was evident from computed changes in
SRH (at two points in time) (Leinonen, Heikkinen, & Jylhd, 1998;
Leinonen et al, 2001). Participants appeared to adjust for
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“age-appropriate” health problems when answering the SRH
question but not the SACH question (reference group effects). In an
Australian study of older adults that directly compared SACH to
change in SRH, using seven years of data, more people rated their
health the same from the SACH question, even though computed
SRH had worsened (Sargent-Cox, Anstey, & Luszcz, 2010). This was
also theorised by the authors as due to reference group effects in
SRH (as the same pattern of change occurred in SRH with and
without including an age-comparison in the question) but also
possibly ceiling effects in SACH (in that older adults perceived that
their health cannot or does not get any worse and so rated their
health the same). In other circumstances, the SACH question would
be expected to be less subject to ceiling effects.

Another study compared changes in SRH to SACH using longi-
tudinal fixed effects regressions on self-reported longevity in an
older population from the Health and Retirement Study (Benitez-
Silva & Ni, 2008). This found SACH a better reflection of “true”
health dynamics and less affected by confounding bias than change
in SRH.

Although these studies provide somewhat conflicting results on
the usefulness of change in SRH and SACH as measures of health
change, they have limitations as they apply primarily to older
individuals and do not compare the change variables to an objec-
tive measure of health change to assess which might be the more
valid measure of change over time ((Benitez-Silva & Ni, 2008) uses
a subjective comparison measure). Our study investigates these
variables using a survey including adults of all ages and comparing
them against an objective measure of change in health. We inves-
tigate whether SACH and computed changes in SRH are comparable
measures of health change by comparing the two variables in cross-
tabulations. We also regress the two measures of change in SRH and
SACH on the outcome of experiencing a hospitalisation in the
previous year (in separate regressions and together in the same
model). This was chosen because it is an objective measure of
health change, so it is not affected by biases that may be present in
subjective, self-reported data, such as self-reports of chronic
conditions, which may be misreported and lead to attenuation bias
(Baker, Stabile, & Deri, 2004; Carter, Barber, & Shaw, 2010) but has
the advantage over mortality, which does not measure change in
health. Hospitalisations also have the benefit of signalling a signif-
icant health event but include diseases that are not life-threatening
and impact solely on quality of life. From the literature, we know
that change in SRH also reflects change in this type of health state,
making hospitalisation an appropriate outcome to use. As a sensi-
tivity analysis, we also repeat the final model using cancer regis-
tration as the health outcome, as an alternative objective measure
of health change. Hospitalisations (and cancer registrations) are
used as proxy measures for “true” or unobserved change in health
state, that subjective measures such as SRH seek to reflect. The
major advantage of this analysis is having an objective measure of
health change, from an independent data source (linked hospital
records), to which we can compare the subjective self-reported
health change variables.

Methods
Data

This study used two waves (wave two from October 2003 to
September 2004; wave three from October 2004 to September
2005; data version 6) of the New Zealand (NZ) longitudinal
household panel Survey of Families, Income and Employment
(SoFIE). The population covered by SoFIE was the usually resident
population of NZ living in private dwellings (excluding people
living in institutions or in establishments such as boarding houses

and rest homes). The initial SoFIE sample comprised of approxi-
mately 11500 responding private households and 22165 adults
(aged 15 years and older) sampled within them (Fig. 1) (K.N. Carter
et al., 2010). There were 20 005 adult original sample members in
wave two and 18950 in wave three. In wave three, a module of
health questions (the SoFIE-Health sub-study) was asked of all
adults. Data were collected via face-to-face computer-assisted
interviews. In addition, as part of the SoFIE-Health sub-study,
participants were asked for consent to link their survey data to
health records, including the national minimum dataset, which is
an electronic collection of public and private hospital discharge
data. Approximately 80% of wave three participants consented to
this linkage (Carter, Shaw, Hayward, & Blakely, 2010; K.N Carter
et al., 2010). Ethical approval for the linkage was given by the
Multi-region Ethics Committee, and administration of SoFIE was
governed by the Statistics Act 1975, as part of the work programme
of Statistics New Zealand (the national statistics agency).

Measures

Self-rated health was asked annually of all participants, using
the question: “In general would you say your health is: excellent,
very good, good, fair or poor?” To compute a change variable, the
difference between SRH in wave two and three was calculated. All
individuals whose SRH increased between waves two and three
(e.g. moved from good to excellent, a positive score) were coded as
“Increased health”; if SRH decreased (e.g. moved from excellent to
good, a negative score) they were coded as “Decreased health”; or if
SRH remained the same, this was coded as “No change”. The SRH
question was assumed to reflect the health status of individuals at
the time of each interview so the change between the questions
reflected the difference in health over the last 12 months (from
wave two to three).

In wave three, as part of the Short Form-36 (SF-36) question-
naire (Ware et al., 2005), an alternative question on self-assessed
change in health was asked: “How do you rate your health now
compared to twelve months ago?” with responses: “Much better”,
“A little better”, “About the same”, “A little worse” and “Much
worse”. Since this question asks participants to estimate their
change in health status from a year before the time of interview to
the time of interview (at wave three), these responses were
compared to the computed change in SRH from wave two to wave
three. To make the two variables more comparable, the responses
“Much better” or “A little better” were combined into one

22 165 adult original sample members (OSMs) at
wave 1

Attrition of 3835 OSMs |

/ 18 330 adult OSMs in wave 2 and 3

15 missing self-rated health (wave 2 and 3)

465 missing self-assessed change in health

/ 17 855 OSMs for tabular analyses

14 195 consented to hospital data linkage

Removed 1655 with hospitalisation 2-3 years prior

12 545 OSMs for regression analysis
on outcome of hospitalisation

Fig. 1. Dataflow from wave one data collection to data analysis.
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category: “Better”. “A little worse” and “Much worse” were
combined into the category: “Worse”.

The experience of an overnight hospitalisation over the year
prior to the interview in wave three was used as an objective
measure of a change in health in regression models. Only individ-
uals who consented to the linkage to health records were included
in this analysis (see Fig. 1). To ensure that these hospitalisations
reflected a relatively new or unexpected health change or health
‘shock’, individuals who had experienced a hospitalisation two or
three years before the interview in wave three were excluded (to
exclude those who may be experiencing multiple hospitalisations
as part of a chronic disease process) as were hospitalisations due to
childbirth, leaving 665 individuals with hospitalisation (overnight
stay) events. Covariates included in the regression models were
age, sex, ethnicity, education (highest qualification attained at wave
three), annual household income, equivalised to adjust for house-
hold size and composition using the NZ-specific Jensen Index
(Jensen, 1988), labour force status, marital status, family structure
and NZ Deprivation Index 2001 (Salmond & Crampton, 2002) (a
measure of small area deprivation, dividing areas into quintiles of
deprivation). As a sensitivity test, an alternative ‘health shock’
outcome was also modelled — that of cancer registrations over the
past three years (270 were recorded).

Statistical analyses

Tabular analyses were conducted on all eligible adults who
participated in wave two and three of SoFIE and responded to the
SRH and SACH questions (N =17 855) (see Fig. 1). To test whether
the two variables related to a “true” change in health, we used
logistic regression models with the outcome of hospitalisation in
the year between interviews (or the presence of a cancer registra-
tion for the sensitivity analysis). All analyses were performed using
SAS version 8.2.

Results

A descriptive summary of the sample by presence of a hospi-
talisation event is presented in Table 1. The mean age of those who
had a hospitalisation was greater (54 years) compared to those who
did not (45 years) and the mean household income lower ($43 100
compared to $54 900). Of note is that 13.1% of those who reported
worse SACH experienced a hospitalisation compared to 7.5% of
those with a decrease in SRH, suggesting that SACH may predict
hospitalisation better than change in SRH. Additional demographic
and socioeconomic characteristics by the two health change vari-
ables are given in Supplementary tables (Table 6 and Table 7).

Cross-tabulations of the two health change variables are in
Table 2. Overall, more people had a decrease in computed SRH
(N =4625) than reported worse health compared to 12 months ago
from the SACH question (N =2790). The italicised diagonal high-
lights the imperfect concordance between the questions at each
category. For example, it was expected that the majority of people
with a computed increase in SRH would also report better health,
but only 29.9% did so. Similarly, only 26.7% of those with a computed
decrease in SRH reported worse health. The comparability between
the two health change variables was poor (Spearman correlation
coefficient r=—0.16, p < 0.01; kappa = 0.01).

Although approximately two thirds of those who did not change
SRH also rated their health as the same on the SACH question (the
shaded row in Table 2) of the remaining third, more people re-
ported better SACH, which could be due to loss of information on
“true” health change due to categorisation of SRH or ceiling effects
in computed change in SRH. Ceiling effects were investigated
further by exploring SACH within categories of SRH at wave two

Table 1
Characteristics of the analysis sample by hospitalisation.?

Characteristics Hospitalisation
No (Nfrow %)°  Yes (Nfrow %)°  Total (N)
Self-assessed change in health (12 months prior to wave 3)
Worse 1620 (86.9) 245 (13.1) 1865
Same 7700 (96.7) 260 (3.3) 7960
Better 2560 (93.9) 160 (5.9) 2725
Change in self-rated health (from wave 2—3)
Decrease 2960 (92.5) 240 (7.5) 3200
No change 6830 (95.7) 310 (4.3) 7140
Increase 2090 (94.6) 115 (5.2) 2210
Sex
Male 5440 (94.4) 325 (5.6) 5765
Female 6440 (94.9) 340 (5.0) 6785
Ethnicity
European/other 9715 (94.5) 570 (5.5) 10285
Maori 1235 (95.7) 55 (4.3) 1290
Pacific 410 (95.3) 20 (4.7) 430
Asian 525 (97.2) 15(2.8) 540
Highest education level (at wave 3)
No qualification 2510 (93.0) 190 (7.0) 2700
School qualification 3250 (95.2) 165 (4.8) 3415
Post school qualification 4235 (94.5) 240 (5.4) 4480
Degree or higher 1885 (96.7) 70 (3.6) 1950
Marital status (wave 2)
Never married 3625 (96.5) 130 (3.5) 3755
Divorced, widowed, separated 1910 (92.9) 150 (7.3) 2055
Married 6345 (94.3) 385 (5.7) 6730
Family structure (wave 2)
Couple only 3315 (93.4) 235 (6.6) 3550
Sole parent 1135 (95.0) 65 (5.4) 1195
Not in family 2395 (94.1) 150 (5.9) 2545
Couple with children 5035 (95.9) 215 (4.1) 5250
Labour force status (wave 2)
Not employed, not looking 3540 (91.7) 320 (8.3) 3860
for work
Not employed, looking 235 (95.9) 10 (4.1) 245
for work
Employed 8100 (96.1) 330(3.9) 8430
New Zealand deprivation index level (wave 2)
NZDepQ1 (least deprived) 2520 (95.8) 105 (4.0) 2630
NZDepQ2 2480 (95.0) 130 (5.0) 2610
NZDepQ3 2165 (94.7) 120 (5.3) 2285
NZDepQ4 2560 (94.1) 160 (5.9) 2720
NZDepQ5 (most deprived) 2155 (93.5) 145 (6.3) 2305
Total 11880 (94.7) 665 (5.3) 12545

2 All counts in tables were rounded to the nearest multiple of five and cells with
counts less than ten were imputed with the value ten, as per Statistics New Zealand
protocol.

b Row% is the row percentage, dividing each cell by the row total.

and three (Table 3). Of particular interest were the 6790 people
who reported excellent health at wave two. Nearly two thirds
(4300) also reported excellent health in wave three, but 13% (875)
of these reported better health from the SACH question. A small
percentage (2%) reported worse health over the past 12 months, but
excellent health at both waves.

Lack of responsiveness in change in SRH could affect at least
18.7% of observations (2125 and 1215 individuals with no computed
change in SRH but change in SACH). This may lead to dampened
estimates of “true” health changes when using computed change in
SRH as the outcome variable.

To test how the two health change variables estimated a “true”
health change, both variables were compared as predictors in sepa-
rate logistic regression models where the outcome was an objective
measure of health change or a health shock — hospitalisation
between waves two and three (Table 4). These models show that
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Table 2

1121

Comparison between computed change in self-rated health from wave two to three and self-assessed change in health (alternative health change question).

Computed change in self-rated health Self-assessed change in health

Better (col %/row %)*

Same (col %/row %) Worse (col %/row %) Total (col%

Increase 980 (24.8/29.9)
No change 2125 (53.7/21.4)
Decrease 850 (21.5/18.4)

Total (row%) 3955 (22.2)

)

1950 (17.6/59.5) 345 (12.4/10.5) 3280 (18.4)

6610 (59.5/66.4) 1215 (43.5/12.2) 9950 (55.7)

2545 (22.9/55.0) 1235 (44.3/26.7) 4625 (25.9)
11105 (62.2) 2790 (15.6) 17855

2 Col% is the column percentage, dividing each cell by the column total; row% is the row percentage, dividing each cell by the row total.

reporting worse health (compared to reporting the same health) by
the SACH variable was more strongly associated with hospitalisation
than a decrease in computed SRH (compared to no change in
computed SRH). In addition, reporting better health (compared to the
same health) by the SACH question was positively associated with the
probability of hospitalisation, but this effect was much less apparent
(and not statistically significant) for increase in computed SRH. These
differences persisted when age, sex, ethnicity and other characteris-
tics were controlled for in the analysis (although the strength of
association reduced). The model using SACH also had a statistically
better fit (using the Akaike Information Criterion — AIC).

The final model included both health change variables in the
same model to test which was most strongly associated with the
outcome (Table 4). The association between decreased SRH and
hospitalisation reduced by a third, but the SACH association was
little changed.

To see whether the ceiling effect was affecting the estimates of
change in SRH, we also re-ran the final fully-adjusted model (with
both health change variables included) on a sample in which
people in excellent health at wave two were excluded (Table 5). The
estimates for change in SRH from this model were virtually the

Table 3
Three-way comparison between self-rated health at wave two, self-assessed change
in health and self-rated health at wave three.

Self-rated  Self-assessed Self-rated health (wave 3) Total
health change in Excellent Very Good Fair Poor
(wave 2) health
good
Excellent  Better 875 380 105 15 10 1380
Same 3275 1275 305 15 10 4870
Worse 150 195 140 40 10 545
Total 4300 1850 550 70 10 6790
Very good Better 310 740 215 30 10 1300
Same 850 2075 720 45 10 3695
Worse 45 270 290 125 20 750
Total 1205 3085 1230 200 30 5745
Good Better 120 295 385 80 10 880
Same 190 615 1025 140 10 1980
Worse 15 115 420 245 60 855
Total 325 1025 1830 465 75 3720
Fair Better 15 45 125 105 10 305
Same 10 45 190 200 25 480
Worse 10 15 90 270 100 475
Total 30 110 405 575 140 1260
Poor Better 10 10 30 25 20 95
Same 10 10 10 30 35 80
Worse 0 10 10 50 105 165
Total 10 15 50 105 160 340
Total Better 1330 1470 860 255 60 3960
Same 4335 4020 2250 430 90 11105
Worse 220 605 950 730 295 2790
Grand total 5870 6085 4065 1415 415 17855

same as for the full analysis and SACH remained the stronger
predictor of hospitalisation events.

As a sensitivity analysis, the final model, including both
health change variables, was repeated for another health shock
outcome — that of cancer registrations over the past three years.
This found a similar pattern as for hospitalisations, although the
stronger association with SACH was even more apparent. (Results
in supplementary Table 8.)

Discussion

These analyses compared different health change variables, to
test their validity in a longitudinal setting. In the SoFIE dataset,

Table 4
Logistic regression models with outcome of hospitalisations in waves 2—3.

Hospitalisation (event in past year =1; no
event =0)

Multivariate®
N=12530 Odds
ratio (95%
confidence interval)

Baseline® N = 12545
Odds ratio (95%
confidence interval)

Models including only the health change variable self-assessed change in
health

Self-assessed change in health (wave three)

Same health 1 1

Worse health 4.5(3.7-54) 3.7 (3.1-4.5)
Better health 1.9(1.5-2.3) 2.1 (1.7-2.6)
AIC = 4965 AIC = 4826

Models including only the health change variable computed change in
self-rated health

Computed change in self-rated health (wave two to wave three)

No change in health 1 1

Decreased health 1.8 (1.5-2.1) 1.8 (1.5-2.1)
Increased health 1.2 (1.0-1.5) 1.1 (0.9-1.4)
AIC=5166 AIC=4974

Models including simultaneously both health change variables self-assessed
change in health and computed change in self-rated health
Baseline® N = 12 545 Multivariate® ¢
Odds ratio (95% N=12530
confidence interval) Odds ratio (95%
confidence interval)
Self-assessed change in health (wave three)
1
3.5(2.9-4.2)
2.1(1.7-2.6)

Worse health
Better health

42 (3.5-5.0)
1.9 (1.5-2.3)

Computed change in self-rated health
No change in health 1 1

Decreased health 14 (1.2-1.7) 1.5(1.2-1.8)
Increased health 1.2(1.0-1.5) 1.1 (0.9-1.4)
AIC=4956 AIC=4813

AIC = Akaike Information Criterion.
2 Includes each health change variable separately and also includes wave (time).
b Also includes age, sex, ethnicity, marital status, family structure, labour force
status, income, education and NZ deprivation index.
¢ Includes both health change variables and wave.
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Table 5
Logistic regression of hospitalisations in waves 2—3 excluding individuals with
excellent self-rated health at wave two.

Multivariate? N = 7530 Odds ratio
(95% confidence interval)

Self-assessed change in health (wave three)
1
29(23-3.7)
2.3(1.8-3.0)

Worse health
Better health

Computed change in self-rated health
No change in health 1

Decreased health 1.6 (1.3-2.0)
Increased health 1.0 (0.8-1.3)
AIC = 3366

AIC = Akaike Information Criterion.
¢ Includes age, sex, ethnicity, marital status, family structure, labour force status,
income, education, NZ deprivation index, both health change variables and wave.

ceiling effects in SRH are a particular concern, as over a third of
individuals report excellent health (K.N. Carter et al,, 2010). In
cross-tabulations of computed change in SRH with SACH, the
finding that a decline in computed SRH was more common than an
increase, but reporting better health from the SACH question was
more common, could be due to ceiling effects in SRH. In the three-
way cross-classification of SRH at wave two with SACH and SRH at
wave three, a ceiling effect was clearly detected. The 2% of people
who had discordant reports, reporting both worse health (on the
SACH question) but excellent health at both waves (on the SRH
question), could represent measurement error occurring in
subjective health reports or may be an issue with the categorisation
of SRH — that is, some people may feel their health has declined, but
is still excellent.

We assumed that computed change in SRH and SACH would be
comparable measures of a change in underlying health state and
highly correlated. However, we found a relatively poor correlation
between these two measures of changing health and different
results when tested against an objective measure of health change
(hospitalisation). The regression analyses attempted to circumvent
the ceiling effect in computed change in SRH, since the main
association was anticipated to be between decreasing SRH and
hospitalisation (overnight stay in hospital), and few people report
poor health (the lowest category of SRH), creating little impedi-
ment to decreasing SRH over time (i.e. there is not a major floor
effect). The regression models did show an association between
decreasing SRH and hospitalisation but the association was
stronger between reporting worse SACH and hospitalisation, sug-
gesting that SACH is a better predictor of health deterioration. Our
research supports that of Benitez-Silva, which found that SACH may
perform better than change in SRH in longitudinal analyses, when
using a subjective health outcome as a comparison measure
(Benitez-Silva & Ni, 2008).

However, the regression models also found that reporting better
health (SACH question), but not an increase in computed SRH, was
associated with a hospitalisation event. This is plausible, as hospi-
talisation can denote events that improve health as well as being
a marker for health decline. For example, health can improve after
hospitalisation for elective surgeries such as a hip replacement that
relieves pain and restores mobility. The “same/no change” in health
category emerged as the best health state, which has been found in
studies of health dynamics using Markov models, where individ-
uals with stable (good) health were the most healthy (McDonough,
Worts, & Sacker, 2010; Sacker, Wiggins, Bartley, & McDonough,
2007). We did not attempt to categorise hospitalisations by
severity or disease type as such categorisations can be arbitrary and
would have reduced the power of our analyses to detect differences
between groups.

Comparing changes in SRH to changes in objective health status
has previously been investigated in analyses that used change in
SRH and objective health measures as exposures, with the outcome
being labour force decisions (Au, Crossley, & Schellhorn, 2005).
These found that change in SRH was affected by significant
measurement error when compared to analyses using health
measures that were more objective or adjusted for measurement
error, and this measurement error in SRH caused attenuation of the
estimate of impact of health (SRH) change on labour market
outcomes. Subjective quality of life measures have also been found
to be less strongly associated with each other than expected, due to
both unmeasured differences across individuals and ceiling and
floor effects (Seymour et al., 2010).

The findings from the regression models in this study raise the
possibility of significant measurement error in computed change in
SRH due to poor longitudinal validity, either due to the limited
ability of the SRH question to actually change (e.g. due to the ceiling
effect) and/or to respond to “true” health change (e.g. due to state
dependence in SRH) (Perruccio et al., 2010). However, the stronger
association between hospitalisations and SACH may also be due to
recall bias in SACH. This is not a problem with change in SRH, as the
baseline SRH question is asked prior to any hospitalisation events,
but SACH is asked after the event and may be directly affected.
Different results from our models/cross-tabulations may be due to
differences in the two health questions, which make them less
comparable than they initially appear. Firstly, the health questions
vary in how they refer to time — the SACH question specifically asks
about health over the past 12 months whereas the SRH question
does not include a time frame, leaving the question open for
participants to interpret. If participants report their current SRH as
being over the entire year of the survey, rather than the last few
days or weeks, the comparability of change in SRH and the SACH
question may be reduced. Secondly, the SACH question is asked
later in the health module, so participants may be more stimulated
to reflect on their health during the other questions. Self-rated
health is asked earlier during the data collection on demo-
graphics. Thirdly, the SACH question, comparing health to twelve
months ago, gives more freedom for people who want to report an
improved health state whereas computed change in SRH has more
potential for a ceiling effect. The final models, which included both
health change variables, and found estimates that were fairly
similar to the separate regressions, suggest that change in SRH and
SACH may predict different components of health change.

The limitations of differencing are well known and the possi-
bility of compounding measurement error with this method is
always a concern. Both first differenced and fixed effects models,
which rely on change in the outcome to produce estimates, are
subject to this concern (and over two waves, a fixed effects model
and first differenced model will give the same estimates — beyond
this, results may vary depending on the presence of serial corre-
lation of the errors)(Wooldridge, 2006). Alternative methods,
which are less subject to measurement bias, are often used, such as
residualised change analysis (Cronbach & Furby, 1970), multilevel
and survival models (Singer & Willett, 2003), and structural equa-
tion models (Kline, 2005). But these do not all offer the rigorous
control for time-invariant unmeasured confounding that is
considered the main advantage of the fixed effects-type models.
However, this advantage of fixed effects models, when the outcome
of SRH is used, may be more than offset by the problem of
measurement error, an issue which has been inadequately
acknowledged in some current research (Imlach Gunasekara et al.,
2011).

Our analyses may have been affected by selection bias if people
who died (approximately 150 individuals from wave two to three)
would have reported much worse SRH or SACH, and had a recent
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hospitalisation (or cancer registration). The loss of these individuals
means the association of hospitalisation with deteriorations in both
SRH and SACH may actually be stronger. In summary, our analyses
cast some doubt over the longitudinal validity of SRH when change
in SRH is compared against SACH using the outcome of an objective
measure of health change. More investigation into the longitudinal
validity of subjective health measures like SRH in a variety of
contexts is needed. Researchers who use SRH should be aware of its
potential limitations and weaknesses as a repeated health outcome
measure, although it is convenient, flexible and widely available in
panel data, and consider using alternative measures, where avail-
able, in sensitivity analyses.
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