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Risk stratification is an important public health priority that is central to clinical decision making and
resource allocation. The aim of this study was to examine how different combinations of self-rated

and objective health status predict all-cause mortality and leading causes of death in the UK. The UK
Biobank study recruited > 500,000 participants between 2006 and 2010. Self-rated health was assessed
using a single-item question and health status was derived from medical history, including data on 81
cancer and 443 non-cancer illnesses. Analyses included > 370,000 middle-aged and older adults with a
median follow-up of 11.75 (IQR =1.4) years, yielding 4,320,270 person-years of follow-up. Compared
to individuals with excellent self-rated health and favourable health status, individuals with other
combinations of self-rated and objective health status had a greater mortality risk, with hazard ratios
ranging from HR=1.22 (95% Cl 1.15-1.29, Pg,; <0.001) for individuals with good self-rated health
and favourable health status to HR=7.14 (95% Cl 6.70-7.60, Pg,+ <0.001) for individuals with poor
self-rated health and unfavourable health status. Our findings highlight that self-rated health captures
additional health-related information and should be more widely assessed. The cross-classification
between self-rated health and health status represents a straightforward metric for risk stratification,
with applications to population health, clinical decision making and resource allocation.

Self-rated health is used extensively in epidemiological and public health research, and many studies have shown
that it predicts morbidity and mortality. It is a single item measure of subjective health status and likely encom-
passes biological, psychological, functional and socio-economic dimensions, including quality of life. The relation
between self-rated health and mortality may, however, differ between populations. For example, poor self-rated
health is more predictive of mortality in men than in women?>, self-rated health is more predictive of mortality
in individuals of low socio-economic status* and there is evidence that the association between self-rated health
and mortality differs between regions in the UK>®.

Despite its simplicity, self-rated health is correlated with objective assessments of health’. For example,
research in > 16,000 Chinese residents aged 18-80 found a higher prevalence of diseases and abnormalities in
laboratory tests in individuals with poor self-rated health®. Similarly, longitudinal data from the French Gazel
cohort suggested that general health status was associated with a wide range of diseases, and that changes in
participants’ self-rated health were associated with subsequent differences in reported diseases’. A study of 1,322
community-dwelling elderly aged 60 or older who participated in the Bambui Cohort Study of Aging in Brazil
examined how well self-rated health predicted 10-year mortality, compared to a comprehensive health score
derived from objective clinical measures'’. Individuals with poor self-rated health had a two-fold increased
risk of death during the follow-up period, compared to individuals who rated their health as good or excellent.
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Self-rated health was comparable to the health score in predicting mortality and remained predictive of mortality
after adjustment for the health score, suggesting that it captures additional health-related information.

Electronic health records and other patient data that are available to health care providers could be used to
derive a measure of overall health status. Self-rated health can be assessed using a single-item question and is
for instance included in census questionnaires'' but not, to our knowledge, routinely collected during primary
care registrations or visits. The cross-classification between self-rated health and objective health status based
on medical history or clinical measures could represent a readily available metric for risk stratification. The
identification of at-risk populations is an important public health priority that is central to clinical decision
making and resource allocation.

The aim of the present study was to examine self-rated health and health status based on medical history to
predict mortality in middle-aged and older adults in the UK Biobank. We created a matrix of the cross-classifi-
cation between self-rated health and health status and examined how different combinations of self-rated and
objective health status predicted (i) all-cause mortality and (ii) cause-specific mortality from leading causes of
death in the UK"? during a follow-up period of approximately 12 years.

We hypothesised that individuals with concordant self-rated health and health status would demonstrate the
longest (favourable health status and good or excellent self-rated health) and shortest (unfavourable health status
and poor or fair self-rated health) survival times, respectively. Individuals with discordant self-rated health and
health status were predicted to demonstrate intermediate survival times, although no predictions were made
about the precise order of survival times (Supplement 1). The aim of comparing these survival times was to
explore whether the discordant categories would provide additional information about the relative importance
of self-rated health and health status with respect to future health outcomes.

This study contributes to the evidence base for self-rated health as a measure for risk stratification and pre-
diction of mortality by (i) using a large sample of middle-aged and older adults with a long period of follow-up,
thereby reducing the risk of random error, (ii) controlling for multiple socio-demographic and lifestyle factors
that could potentially confound the association between self-rated health and mortality, (iii) examining leading
causes of death in the UK, in addition to all-cause mortality, and (iv) for the first time examining the combination
of self-rated health and a life insurance measure of overall health status in relation to mortality.

Methods

Study population. The UK Biobank is a prospective study of >500,000 UK residents aged 37-73 at base-
line, recruited between 2006 and 2010. Details of the study rationale and design have been reported elsewhere!?.
Briefly, individuals registered with the UK National Health Service (NHS) and living within a 25-mile (~40 km)
radius of one of 22 assessment centres were invited to participate (9,238,453 postal invitations sent). At the
baseline assessment, participants completed electronic questionnaires and nurse-led interviews to provide data
on sociodemographic characteristics, health behaviours and their medical history. Linked hospital inpatient
records are available for most participants and these data have been linked to death registries. Due to its scale
and breadth of data collection, the UK Biobank represents an unprecedented resource to investigate the deter-
minants of health and disease.

Exposures. Data on 81 cancer and 443 non-cancer illnesses (past and current) were ascertained through
touchscreen self-report questionnaire and confirmed during a verbal interview by a trained nurse. In order to
provide a single health indicator (“health status”) based on a previously defined algorithm, we used a classifica-
tion developed by the Reinsurance Group of America (RGA). An experienced underwriter classified each illness
according to whether it was “likely acceptable for standard life insurance” based on its associated mortality risk'“.
Participants were thus classified as having favourable or unfavourable health status based on their reported can-
cer and non-cancer illnesses. Details of this classification have been reported previously'**>.

Participants’ self-rated health was assessed using the question “In general how would you rate your overall
health?”. Response options included “Poor”, “Fair”, “Good” and “Excellent”

We derived a measure of the cross-classification between health status and self-rated health. Individuals with
missing data or who responded “prefer not to answer” or “do not know” to the self-rated health question were
excluded.

Ascertainment of mortality. Our primary outcome was all-cause mortality, i.e., death from any cause.
All-cause mortality represents a standard index used in clinical decision making that is easily assessed and
concrete'®. The date of death was obtained through linkage with national death registries from NHS Digital for
participants in England and Wales and from the NHS Central Register for participants in Scotland. The cen-
soring date for mortality was 30 November 2020. The most recent death was recorded for 18 December 2020,
although data were not complete for December 2020.

We also examined cause-specific mortality for leading causes of death in the UK'2. The primary cause of death
was recorded based on the International Classification of Diseases (10th revision). The following outcomes were
examined: ischaemic heart diseases (120-125), cerebrovascular diseases (160-169), influenza and pneumonia
(J09-J18), dementia and Alzheimer’s disease (FO1, FO3 and G30), chronic lower respiratory diseases (J40-J47)
and malignant neoplasms (C00-C97). For each cause-specific death, individuals who died of other causes were
censored at their age at death.

Covariates. Potential confounders of the association between self-rated health or health status and all-cause
or cause-specific mortality were identified from the baseline assessment data: sociodemographic factors (sex,
ethnicity [6 levels], highest educational/professional qualification [4 levels]'” and annual household income [5
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levels]) and lifestyle (smoking [3 levels], alcohol intake frequency [6 levels], physical activity [number of days per
week spent walking, engaging in moderate-intensity physical activity or engaging in vigorous-intensity physical
activity for > 10 min continuously]). All covariates were assumed to be fixed.

Exclusion criteria. Participants for whom their genetic sex, inferred from the genotype information on
the Y and X chromosomes, and self-reported sex did not match were excluded. Individuals with missing data
or who responded “do not know” or “prefer not to answer” to any of the assessed covariates were also excluded
from analyses.

Statistical analyses. Analyses were pre-specified prior to inspection of the data (preregistration: osf.io/
x38cq) and algorithms were tested on simulated data. Statistical analyses and data visualisation were done in R
(version 3.6.0).

Characteristics of the full and analytical sample were summarised using means and standard deviations or
counts and percentages. The total number of self-reported diseases and the frequencies of illnesses by disease
group were summarised for each level of the cross-classification between health status and self-rated health.

We present the number of individuals who died during follow-up of any cause (all-cause mortality) and of
specific causes (cause-specific mortality). The minimum number of observed deaths was set a priori at 20 for each
level of our primary exposure. This criterion was based on a previous UK Biobank study of 5-year mortality's.
Finally, we calculated person-years of follow-up and the median duration of follow-up of censored individuals.

Unadjusted survival probabilities by health status, self-rated health and health cross-classification were esti-
mated non-parametrically from observed survival times using the Kaplan-Meier (KM) method!®. We present
KM survival curves and p-values from log-rank tests. Hazard ratios (HRs) and 95% confidence intervals were
estimated using Cox proportional hazards models® to examine associations between the health cross-classifi-
cation and mortality adjusted for potential confounders. Age (in years) was used as the underlying time axis,
conditional on living to age 40. We fitted a sequence of three models: Model 1 - unadjusted; Model 2 - adjusted
for sociodemographic characteristics; Model 3 - additionally adjusted for lifestyle. We present plots of the esti-
mated survival probability and cumulative hazards. Continuous covariates were fixed at their mean value while
categorical covariates were fixed at the largest group. When presenting results in tables and figures, the levels of
the health cross-classification are shown in ascending order by their HR for all-cause mortality from the results
of Model 1. Scaled Schoenfeld residuals and Log(-log(survival)) curves as a function of time were examined
to assess the assumption of proportional hazards. Martingale residuals were visually inspected to assess the
assumption of log-linearity for continuous covariates.

Adjusted P-values were calculated using the p.adjust() command in R to account for multiple testing across
models, separately for each outcome. P-values were corrected for 21 tests (three models x seven estimated param-
eters). Two methods were used: (1) Bonferroni and (2) Benjamini & Hochberg?!, all two-tailed, with «=0.05 and
false discovery rate of 5%, respectively.

Additional analyses. Given that there are differences in self-rated health, medical diagnoses and mortality
between males and females, we repeated our main analysis of all-cause mortality stratified by sex. In a sensitiv-
ity analysis we examined a simplified health cross-classification in which fair and poor self-rated health and
good and excellent self-rated health were merged prior to analysis (Supplement 1). Finally, we also conducted a
sensitivity analysis in which we limited the follow up to the period prior to 30 January 2020 to assess any impact
of the COVID-19 pandemic. The analyses stratified by sex and restricted to the period prior to 30 January 2020
were not pre-registered.

Ethics approval. Ethical approval for the UK Biobank study has been granted by the National Information
Governance Board for Health and Social Care and the NHS North West Multicentre Research Ethics Committee
(11/N'W/0382). No project-specific ethical approval is needed. Data access permission has been granted under
UK Biobank application 45514. Participants provided informed consent to use of their de-identified data. The
authors confirm that this study was carried out in accordance with relevant guidelines and regulations.

Results

Sample characteristics. Of the 502,521 UK Biobank participants, 487,195 (96.95%) had complete data
on self-rated health and health status. We retained an analytical sample of 373,761 participants after removing
individuals with missing data on covariates (n = 118 190), who did not meet our inclusion criteria (n = 372)
or whose recorded date of death was before or on the same day as the baseline assessment (n = 495) (Supple-
ment Fig. 1).

Descriptive statistics of the full and analytical samples are presented in Supplement Table 1. The mean age at
the baseline assessment of participants included in our analytical sample was 56.02 (SD = 8.08) years and 51.8%
of these participants were female. We classified 117,212 (31.36%) participants as having an unfavourable health
status and 256,549 (68.64%) participants as having a favourable health status. Most participants (n = 219,628,
58.76%) had good self-rated health and 14,185 (3.80%), 73,138 (19.57%) and 66,810 (17.88%) participants had
poor, fair and excellent self-rated health, respectively (Table 1).

The average number of illnesses by health cross-classification ranged from 0.73 (SD = 0.99) in individuals
with excellent self-rated health and favourable health status to 4.93 (SD = 2.70) in individuals with poor self-
rated health and unfavourable health status (Supplement Table 2). The distributions of the number of illnesses
by health cross-classification are presented in Supplement Fig. 2 and show that there were substantial differences
between groups. The proportions of individuals with at least one non-cancer or cancer illness within several
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self-rated health

Poor Fair Good Excellent
Health status n=14185 |[N=73138 [N=219628 |N=66810
Fravourable 4004 37863 159173 55509
N=256549 (1.07%) (10.13%) | (42.59%) (14.85%)
unfavourable 10181 35275 60455 11301
N=117212 (2.72%) (9.44%) (16.17%) (3.02%)

Table 1. Cross-classification of health status and self-rated health. Percentages in cells are based on complete
analytical sample of n = 373,761.
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Figure 1. Kaplan-Meier survival probabilities for all-cause mortality. Full health cross-classification, self-rated
health and health status. 89 observations were above graph maximum of age 83.

broader illness groups are presented by health cross classification in Supplement Fig. 3 and Supplement Fig. 4,
respectively.

The median follow-up was 11.75 (IQR = 1.4) years, yielding 4,320,270 person years of follow-up. The median
follow-up of censored individuals was 11.81 (IQR = 1.35) years and the potential median survival time, calcu-
lated using the reverse Kaplan-Meier method, was 11.819 (95% CI = 11.81-11.82) years. We observed 21,980
(5.88%) deaths from any cause. Deaths observed for specific causes were 2,432 (0.65%) for ischaemic heart
disease, 908 (0.24%) for cerebrovascular disease, 409 (0.11%) for influenza and pneumonia, 701 (0.19%) for
dementia and Alzheimer’s disease, 699 (0.19%) for chronic lower respiratory disease and 11,171 (2.99%) for
malignant neoplasms.

All-cause mortality. Kaplan-Meier survival probabilities for all-cause mortality are presented in Fig. 1.
Favourable health status and better self-rated health were associated with longer survival times (log-rank test
P-values < 0.001). Different levels of the cross-classification between health status and self-rated health were
associated with varying survival times (log-rank test P < 0.001). We found no evidence that survival probabilities
differed by year of attending the baseline assessment P = 0.15).
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Model 1 Model 2 Model 3

Health cross-classification HR 95% CI HR 95% CI HR 95% CI
Excellent Favourable Ref - - Ref - - Ref - -
Good Favourable 1.22 1.15 1.29 1.20 1.14 1.27 1.16 1.10 1.23
Excellent Unfavourable 1.42 1.30 1.55 1.38 1.26 1.51 1.37 1.25 1.50
Fair Favourable 1.86 1.74 1.99 1.77 1.65 1.89 1.59 1.49 1.70
Good Unfavourable 1.87 1.77 1.98 1.81 1.71 1.91 1.73 1.63 1.83
Poor Favourable 2.79 242 3.22 2.62 227 3.02 2.17 1.88 2.51
Fair Unfavourable 3.26 3.08 3.45 3.02 2.85 3.19 2.72 2.57 2.88
Poor Unfavourable 7.14 6.70 7.60 6.34 5.94 6.76 5.24 4.90 5.61

Table 2. Cox proportional hazards model: all-cause mortality. HR = hazard ratio; CI = confidence interval.
Model 1—unadjusted; Model 2—adjusted for sociodemographic characteristics; Model 3 - additionally
adjusted for lifestyle factors. All Bonferroni-adjusted P-values < 0.001.

Unfavourable health status was associated with greater hazards of all-cause mortality than favourable health
status, with hazard ratios ranging from HR = 2.05 (95% CI 1.99-2.10, Pp,,¢< 0.001) in Model 1 to HR = 1.85
(95% CI 1.80-1.90, Py, ¢ < 0.001) in Model 3 (Supplement Table 3).

Poor, fair and good self-rated health were associated with higher hazards of all-cause mortality than excellent
self-rated health across Models 1-3. The largest estimate was HR = 5.79 (95% CI 5.47-6.12, Py, < 0.001) for
poor compared to excellent selfrated health in Model 1 (Supplement Table 4).

Results of the Cox proportional hazards Models 1-3 for the health cross-classification are presented in Table 2.
Compared to excellent self-rated health and favourable health status, all other levels of the full health cross-
classification were associated with greater hazards, ranging from HR = 1.22 (95% CI 1.15-1.29, Pg,,) for good
self-rated health and favourable health status to HR = 7.14 (95% CI 6.70-7.60, Py,,¢ < 0.001) for poor self-rated
health and unfavourable health status. The order of these levels was consistent across the three models, suggest-
ing that individuals with concordant favourable self-rated health and health status had the lowest hazard and
those with concordant unfavourable self-rated health and health status had the highest hazard. Participants with
discordant self-rated health and health status had intermediate hazards. Compared to the results from Model 1,
we observed attenuation in the hazard ratios from Models 2 and 3, although the overall pattern of results was
consistent across these analyses (all Bonferroni-adjusted P-values < 0.001). Survival probabilities and cumula-
tive hazards for Model 3 are presented in Supplement Fig. 5.

Cause-specific mortality. Survival probabilities for specific causes of death are presented in Supplement
Fig. 6. Results from Cox proportional hazards Models 1-3 are presented in Table 3 and Supplement Table 5.
Compared to participants with excellent self-rated health and favourable health status, all other levels of the
health cross-classification were associated with higher hazards. For example, HRs for ischaemic heart diseases
from Model 3 ranged from HR = 1.14 (95% CI0.96-1.35, Py = 0.12) for good self-rated health and favour-
able health status to HR = 5.11 (95% CI 4.17-6.26, Py,,¢ < 0.001) for poor self-rated health and unfavourable
health status. We generally observed attenuation in the hazard ratios from Models 2 and 3 compared to those
from Model 1. For example, the highest hazard ratio for malignant neoplasm was HR = 7.02 (95% CI 6.43-7.67,
Ppont < 0.001) for poor self-rated health and unfavourable health status in Model 1, HR = 6.24 (95% CI 5.70-6.83,
Ppone < 0.001) in Model 2 and HR = 5.20 (95% CI 4.73-5.71, Py, < 0.001) in Model 3. The overall pattern
of results was similar to the results for all-cause mortality, although there was less evidence of differences for
causes of death with lower numbers of observed deaths (cerebrovascular diseases, influenza and pneumonia and
dementia and Alzheimer’s disease) and levels of the health cross-classification that were associated with longer
survival times than good self-rated health and unfavourable health status.

Additional analyses. Analyses stratified by sex are presented in Fig. 2 and Supplement Table 6. Although
the hazard ratios were fairly similar in both sexes, there was some evidence that females with unfavourable
health status had slightly higher hazards for any level of self-rated health, relative to females with excellent self-
rated health and favourable health status, than males with unfavourable health status and any level of self-rated
health, relative to males with excellent self-rated health and favourable health status. The reverse pattern was
observed for favourable health status and self-rated health.

For the simplified health cross-classification, the average number of illnesses was 1.07 (SD = 1.22) in indi-
viduals with good/excellent self-rated health and favourable health status, 2.78 (SD = 1.67) in individuals with
good/excellent self-rated health and unfavourable health status, 1.86 (SD = 1.59) in individuals with poor/
fair self-rated health and favourable health status and 4.00 (SD = 2.30) in individuals with poor/fair self-rated
health and unfavourable health status.

Kaplan-Meier survival probabilities from this sensitivity analysis are presented in Supplement Fig. 7, sug-
gesting that different levels of the simplified health cross-classification were associated with varying survival
times (log-rank test P< 0.001). We found that participants with favourable health status and good or excellent
self-rated health had the longest survival times, while participants with unfavourable health status and poor or
fair self-rated health had the shortest survival times. Participants with discordant health status and self-rated
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Model 1 Model 2 Model 3
Health cross-classification HR | 95% CI HR | 95% CI HR | 95% CI
Ischaemic heart diseases
Excellent Favourable Ref - - Ref - - Ref - -
Good Favourable 1.21 1.02 1.43 1.19 1.01 1.41 1.14 0.97 1.35

Excellent Unfavourable 151 |1.16 198 | 147 |1.12 192 | 145 |1.11 1.90

Fair Favourable 2.16 1.77 2.63 2.03 1.67 248 1.81 1.48 221
Good Unfavourable 1.84 1.55 2.18 1.77 1.49 2.10 1.68 1.42 2.00
Poor Favourable 371 |253 543 | 344 |235 505 |[281 |191 4.14
Fair Unfavourable 3.38 2.85 4.01 3.10 2.60 3.68 |2.76 2.32 3.29
Poor Unfavourable 7.14 | 5.90 8.66 |6.28 |5.16 7.64 |511 |4.17 6.26

Cerebrovascular diseases

Excellent Favourable Ref - - Ref - - Ref - -

Good Favourable 1.25 10.93 1.66 | 125 | 094 1.67 | 122 |091 1.62

Excellent Unfavourable 1.67 | 1.06 261 |[163 |1.04 255 161 |1.03 2.53

Fair Favourable 2.13 1.52 3.00 2.09 1.48 2.95 1.90 1.34 2.69
Good Unfavourable 2.20 1.65 294 | 216 1.62 2.89 |2.09 1.56 2.79
Poor Favourable 3.24 1.61 6.53 3.16 1.56 6.39 | 2.64 1.30 5.36
Fair Unfavourable 391 292 522 |373 |278 500 |3.41 2.53 4.59
Poor Unfavourable |9.49 |6.93 |13.01 |875 |634 |12.07 |7.19 |[515 |10.03
Influenza/pneumonia

Excellent Favourable Ref - - Ref - - Ref - -
Good Favourable 1.22 0.82 1.82 1.17 0.79 1.75 1.11 0.75 1.66

Excellent Unfavourable 1.13 | 0.55 2.3 1.09 |0.53 222 |1.07 {053 2.19

Fair Favourable 132 | 0.77 2.25 1.19 | 0.70 2.04 1.05 | 0.61 1.80
Good Unfavourable 2.17 | 146 324 202 |135 301 [190 |127 2.84
Poor Favourable 4.13 1.72 9.91 3.63 1.51 8.74 2.96 1.22 7.18
Fair Unfavourable 2.74 1.81 4.17 2.40 1.57 3.66 2.11 1.38 3.25
Poor Unfavourable 6.92 4.36 10.98 5.71 3.56 9.16 4.66 2.86 7.58

Dementia/Alzheimer’s disease

Excellent Favourable Ref - - Ref - - Ref - -

Good Favourable 1.25 092 170 | 1.24 | 091 1.68 |1.19 |0.87 1.62

Excellent Unfavourable 128 |0.76 217 | 124 |0.73 2.10 | 123 |0.72 2.07

Fair Favourable 1.44 0.96 2.15 1.38 0.92 2.07 1.23 0.82 1.85
Good Unfavourable 2.02 | 148 275 | 195 | 143 2,66 | 185 |1.35 2.53
Poor Favourable 2.87 | 1.30 632 279 | 126 6.16 |229 |1.03 5.09
Fair Unfavourable 322 | 234 4.41 |3.00 |218 413 |2.67 |193 3.70
Poor Unfavourable 7.00 | 491 9.99 |635 | 442 9.14 |5.16 |3.54 7.51

Chronic lower respiratory disease

Excellent Favourable Ref - - Ref - - Ref - -

Good Favourable 1.50 | 1.07 2.09 | 146 | 1.04 2.04 | 142 |1.01 1.98

Excellent Unfavourable 252 | 1.58 403 [246 | 154 394 | 241 |1.51 3.86

Fair Favourable 2.38 1.6 3.54 2.19 1.47 3.26 1.99 1.33 297
Good Unfavourable 235 | 1.67 330 |224 |1.59 316 |214 |1.52 3.01
Poor Favourable 4.01 1.88 8.55 |3.58 1.67 7.65 |2.99 1.39 6.41
Fair Unfavourable 4.09 |2.90 576 |3.68 |2.60 521 330 |233 4.69
Poor Unfavourable 8.10 5.51 11.9 6.96 4.71 10.31 5.80 3.87 8.68

Malignant neoplasm

Excellent Favourable Ref - - Ref - - Ref - -

Good Favourable 1.19 | L.10 1.29 | 118 | 1.09 127 |1.14 | 1.06 1.23

Excellent Unfavourable 1.31 | 115 149 127 | 112 145 | 126 |1.11 1.44

Fair Favourable 1.81 1.65 1.99 | 172 | 157 1.89 | 1.55 | 141 1.71
Good Unfavourable 1.84 1.70 1.99 1.78 1.65 1.93 1.71 1.58 1.85
Poor Favourable 2.40 1.94 296 | 225 1.82 2.79 1.88 1.52 2.33
Fair Unfavourable 3.20 2.96 3.46 |2.96 2.74 321 2.68 2.48 291
Poor Unfavourable 7.02 | 643 7.67 | 624 |5.70 6.83 [520 |473 5.71

Table 3. Cox proportional hazards model: cause-specific mortality. HR = hazard ratio; CI = confidence
interval; Bonferroni and Benjamini & Hochberg adjusted P-values are presented in Supplement Table 5. Model
1—unadjusted; Model 2—adjusted for sociodemographic characteristics; Model 3—additionally adjusted for
lifestyle factors.
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Figure 2. All-cause mortality by health cross-classification stratified by sex. Hazard ratios (HR) with 95%

confidence intervals from Cox proportional hazards models. Model 1—unadjusted; Model 2—adjusted for
sociodemographic characteristics (excluding sex); Model 3—additionally adjusted for lifestyle factors.

Model 1 Model 2 Model 3
Term HR |95% CI HR | 95% CI HR | 95% CI
Good/excellent | Favourable Ref |- - Ref |- - Ref |- -
Good/excellent | Unfavourable |1.55 |1.50 |1.61 |1.51 |1.46 |156 |149 |144 |154
Poor/fair Favourable 1.66 |1.58 |1.75 |1.58 | 150 |1.66 |143 |136 |1.50
Poor/fair Unfavourable |3.43 |3.32 |3.54 |3.14 |3.04 |3.25 |2.81 |2.72 |291

Table 4. Cox proportional hazards model: all-cause mortality. HR = hazard ratio; CI = confidence interval.
Model 1—unadjusted; Model 2—adjusted for sociodemographic characteristics; Model 3—additionally
adjusted for lifestyle factors. All Bonferroni-adjusted P-values < 0.001.

health had intermediate survival times. Individuals with good or excellent self-rated health but unfavourable
health status, i.e., for whom their objective assessment of health was worse, had only slightly shorter survival
times than participants with favourable health status but fair or poor self-rated health.

Results from Cox proportional hazards Models 1-3 are presented in Table 4. Compared to favourable health
status and good or excellent self-rated health, all other levels of the simplified health cross-classification were
associated with increased hazards. Across Models 1 and 2, individuals with better self-rated health than health
status had lower hazards than individuals with worse self-rated health than health status, compared to the refer-
ence group, although in Model 3 those with worse self-rated health than health status had lower hazards, similar
to the Kaplan-Meier estimates. Individuals with unfavourable health status and self-rated health had the highest
hazards across all models.

Limiting the follow up to the period prior to 30 January 2020 resulted in n = 2955 fewer participants and
a sample size of n = 370,806 participants. There was little evidence of meaningful differences in the results
for all-cause (Supplement Table 7) and cause-specific mortality (Supplement Table 8) for the full health
cross-classification.

Discussion

Using data from more than 370,000 UK Biobank participants with a median follow-up period of almost 12 years,
we found that individuals with favourable health status or good to excellent self-rated health had a substantially
lower risk of mortality than individuals with unfavourable health status or poor to fair self-rated health, respec-
tively. The cross-classification between health status and self-rated health provided additional granularity to
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differentiate mortality risk, confirming that self-rated health captures health-related information beyond medical
diagnoses and highlighting the potential value of combining these measures for risk stratification.

Principal findings. As hypothesised, individuals with favourable health status and good to excellent self-
rated health had the longest survival times, while individuals with unfavourable health status and poor to fair
self-rated health had the shortest survival times. Individuals with discordant health status and self-rated health
had intermediate survival times. For example, individuals with favourable health status based on their medi-
cal history but poor self-rated health had substantially shorter survival times than individuals with favourable
health status and good to excellent self-rated health.

We observed similar results for leading causes of death in the UK'2. However, there were some inconsisten-
cies for causes of death with fewer observed deaths during the follow-up period. For influenza/pneumonia and
dementia/Alzheimer’s disease, we did not find evidence of differences between the four health cross-classification
levels with the longest survival times: (i) good self-rated health and favourable health status, (ii) excellent self-
rated health and unfavourable health status and (iii) fair self-rated health and favourable health status, compared
to (iv) excellent self-rated health and favourable health status.

In the sensitivity analysis in which we merged good and excellent self-rated health and poor and fair self-rated
health prior to analysis, we observed that individuals with discordant health status and self-rated health had
intermediate survival times, showing that both measures make important contributions to predicting all-cause
mortality. Restricting the follow up to the period prior to 30 January 2020 did not suggest any meaningful impact
of the COVID-19 pandemic on our results.

Findings in context. A previous analysis of 5-year mortality in the UK Biobank identified self-rated health
as the strongest predictor of all-cause mortality in men, out of 655 variables, and showed that self-rated health
was consistently associated with cause-specific mortality's. Our analyses stratified by sex also provide indirect
evidence that differences in self-rated health may have a greater impact on mortality in males than in females,
consistent with previous research*’. Our findings also support most previous research that found a graded asso-
ciation between self-rated health levels and mortality'. Findings from a Brazilian cohort study suggested that
the 10-year mortality risk was similar for participants who reported fair or good to excellent self-rated health,
compared to poor self-rated health'’. However, the sample size was limited and the difference in results might be
due to linguistic factors; ‘fair’ self-rated health might reflect average or normal health in Spanish or Portuguese?,
while it might reflect less favourable health in English.

Although several previous studies have examined mortality outcomes associated with objective and subjective
assessments of health®%?*, no studies have, to our knowledge, examined the full cross-classification between
health status and self-rated health for potential risk stratification. A recent study of 1259 older adults from Fin-
land examined the combination of subjective and objective health in relation to all-cause mortality*, similar
to our sensitivity analysis of the four-level health cross-classification. The authors found that participants who
were subjectively and objectively healthy had the lowest mortality, while participants who were subjectively and
objectively unhealthy had the highest mortality. However, there was little evidence that the discordant groups
had a different mortality than the subjectively and objectively healthy group, contrary to our finding that these
participants had intermediate survival times.

An analysis of nationally-representative data from >14,500 US adults found that individuals who reported
better or worse self-rated health compared to their physicians assessment of general health (the agreement was
53.8%) had lower and higher mortality, respectively, over a median follow-up period of 13 years®. A potential
limitation of this study was that physicians were not blinded to the participants’ self-rated health, although
self-rated and physician-rated health were not highly correlated. Data from 710 Dutch men aged 64-84 years
suggested that self-rated health and physician-rated health after a medical history assessment and physical
examination independently predicted all-cause mortality over a follow-up period of 15 years?’. However, this
analysis suggested that in cases of discordant self-rated and physician-rated health, individuals whose physician
evaluated their health less favourable than their self-assessment had the highest mortality risk.

Strengths and limitations. Strengths of this study include its large sample size (>370,000 participants)
and a median follow-up of almost 12 years. Risk indices are often developed in high-risk populations (e.g., in
older individuals), focus on a single health outcome and studies are often limited by small sample sizes. The
health cross-classification examined in this study might be applicable for risk stratification for a wide range of
health outcomes, which could be examined in future studies.

Our research inevitably has limitations. There might be some misclassification in the reporting of medical
illnesses that were used to determine health status. However, participants were asked to report illnesses that had
been diagnosed by a doctor and these diagnoses were confirmed during a nurse-led interview. Nevertheless,
there is the possibility of recall bias in the reporting of long-term and past conditions. Our study confirms the
criterion validity of the objective health status classification as it was highly predictive of mortality and is for that
reason used in life insurance. Future studies could further examine the validity and reliability of this classification
using other data sources such as patient records. Regarding self-rated health, there could be differences by native
language in evaluating fair self-rated health as positive or negative. However, most participants were born in the
UK and such differences, if present, would likely be minimal. Mortality data from death certificates might have
some misclassification in causes of death, especially between similar diseases. We also observed fewer deaths
during follow-up for several specific causes of death, especially in individuals with poor self-rated health and
favourable health status or excellent self-rated health and unfavourable health status. However, all-cause mortal-
ity is a more robust endpoint than cause-specific mortality and we found similar results across most outcomes.
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Generalisability. Compared with non-responders, UK Biobank participants were older, more likely to be
female and more likely of higher socioeconomic status. They were also less likely to engage in unhealthy lifestyle
behaviours, reported fewer medical illnesses compared with data from a nationally representative survey and
all-cause mortality was 46.2% lower for 70-74-year-olds®®. Although these findings show that participants in the
UK Biobank differ from the UK general population across multiple dimensions, the implication of this healthy
participation bias, including its magnitude and direction of effect, is uncertain. A recent empirical investiga-
tion comparing the UK Biobank with data from 18 prospective cohort studies with conventional response rates
showed that the direction of risk factor associations were similar, although with differences in magnitude®.
Empirical research examining the potential impact of unrepresentativeness on associations between health sta-
tus, self-rated health and mortality is warranted, as has been done for lifestyle risk factors®. It is worth noting
that most participants (79.6%) in our sample reported good to excellent self-rated health, which is comparable
to estimates from the Office for National Statistics suggesting that >72% of people in England and Wales rated
their health as good or very good®. Our findings cannot be extrapolated beyond the age range of 37 to 73 and
future research could examine the cross-classification of health status and self-rated health for risk stratification
in younger and older populations.

Implications. Risk stratification is a key public health priority that is central to clinical decision making and
resource allocation. Self-rated health and health status can be obtained through verbal interview, self-report or
from medical records. The cross-classification between health status and self-rated health represents a straight-
forward metric for initial risk stratification, with applications to population health, clinical decision making and
resource allocation. Our findings also highlight that self-rated health captures additional health-related informa-
tion beyond medical diagnoses and should therefore be more widely assessed across settings to improves health
outcomes.

Data availability

The data used are available to all bona fide researchers for health-related research that is in the public interest,
subject to an application process and approval criteria. Study materials are publicly available online at http://
www.ukbiobank.ac.uk.
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