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ABSTRACT

Objective To determine whether perceived age correlates
with survival and important age related phenotypes.
Design Follow-up study, with survival of twins determined
up to January 2008, by which time 675 (37%) had died.
Setting Population based twin cohort in Denmark.
Participants 20 nurses, 10 young men, and 11 older
women (assessors); 1826 twins aged 270.

Main outcome measures Assessors: perceived age of
twins from photographs. Twins: physical and cognitive
tests and molecular biomarker of ageing (leucocyte
telomere length).

Results For all three groups of assessors, perceived age
was significantly associated with survival, even after
adjustment for chronological age, sex, and rearing
environment. Perceived age was still significantly
associated with survival after further adjustment for
physical and cognitive functioning. The likelihood that the
older looking twin of the pair died first increased with
increasing discordance in perceived age within the twin
pair—that is, the bigger the difference in perceived age
within the pair, the more likely that the older looking twin
died first. Twin analyses suggested that common genetic
factors influence both perceived age and survival.
Perceived age, controlled for chronological age and sex,
also correlated significantly with physical and cognitive
functioning as well as with leucocyte telomere length.
Conclusion Perceived age—which is widely used by
clinicians as a general indication of a patient’s health—is
arobust biomarker of ageing that predicts survival among
those aged 270 and correlates with important functional
and molecular ageing phenotypes.

INTRODUCTION

Perceived age—usually the estimated age of a person—
is an integral part of assessment of patients. Some
30 years ago, in the Baltimore longitudinal study, Bor-
kan and Norris validated the use of several objectively
measured physical parameters as markers of biological
age against perceived age and mortality.'

The Longitudinal Study of Aging Danish Twins
(LSADT) found that perceived age, rated from facial
photographs, predicted short term mortality of
participants.” Perceived age was influenced negatively
by exposure to sun, smoking, and low body mass index
(BMI) and positively by high social status, low depres-
sion score, and being married, though the strength of
the associations varied by sex.® That initial study used
nurses to assess age and consisted of a two year follow-
up of mortality. As nurses are experienced in recognis-
ing severe disease or imminent death, the utility of per-
ceived age ratings might be limited to medical staff.

We looked at age as perceived by geriatric nurses
(who, because of their profession, should be “experts”
in evaluating the appearance of older people), older
women (who are “peers” of similar age to the subjects
and hence from their own experience could also be
“experts”), and young male student teachers (who
were expected to be the worst assessors). We also exam-
ined whether perceived age was correlated with physi-
cal and cognitive function and leucocyte telomere
length in the older twins and whether the age, sex, and
background of the assessors affected the results. We sys-
tematically investigated whether perceived age is a
robust biomarker of ageing as indicated by its wide-
spread though informal use in clinical practice.

METHODS
Study population

The Longitudinal Study of Aging Danish Twins
(LSADT) follows a population based cohort of same
sex twins aged >70." The study began in 1995, with
assessments every two years up to 2005. In 2001 the
study had a participation rate of 85%; and 91% of the
participants with normal cognition, aged 70-99, con-
sented to have their face photographed. A total of
1826 twins (840 men and 986 women) had a high qual-
ity colour photograph taken with a digital camera at a
distance of 0.6 m (passport type photographs) (fig 1).
Not all the participants were photographed with a
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neutral facial expression, but this has been shown not
to have an impact on the assessment of perceived age.”

Perceived age

We used three groups of assessors: 20 female geriatric
nurses aged 25-46, 10 male student teachers aged 22-
37,and 11 older women aged 70-87. They assessed the
387 same sexed twin pairs who comprised the study
population of the previously reported two year follow-
up.” The assessors did not know the age range of the
twins, and each twin of a pair had their age assessed on
different days. The assessments were done via presen-
tation of the photographs on a computer screen, and
the pictures were shown in a predetermined but ran-
dom sequence to avoid bias in the age assessments
induced by preceding images.

In addition, 10 of the 20 nurses rated all the 1826
pictures,’ the 387 twin pairs and all the “single twins”
(twins whose co-twin was either dead or did not want to
participate) in the survey. Data from one male assessor
were excluded because his responses were extreme
outliers. Seventy twins had one missing rating, five
had two missing ratings, and one had seven missing
ratings, giving a total of 87 (0.2%) out of more than
41 000. The analyses were performed with and without
pictures with missing ratings with virtually identical
results. The mean of the age estimates for each twin
was used as the twin’s perceived age in each of the
three assessor groups.

Survival

We used in the Danish Civil Registration system,
which registers date of death or emigration of all Dan-
ish people,’ to follow each participant from the date in
spring 2001 when their photograph was taken through
to 31 January 2008.

Physical functioning
The assessment of physical functioning was based on an
adaptation of an instrument developed and previously

Fig 1| Composite pictures each representing average
appearance of groups of 10 twins aged 70 (range 69-71). Left
hand image represents twins who looked younger for their
age (average perceived age 64, range 57-69) than those
represented by right hand image (average perceived age 74,
range 70-78)

validated in Denmark’ that has been administered
essentially unchanged throughout the LSADT. We
used the strength scale, which consists of 11 items
(such as walking up two flights of stairs) with responses
on a scale of 1 to 4 (1=cannot do, 2=can do with aid or
major difficulties, 3=can do with fatigue or minor diffi-
culties, 4=can do without aid or difficulty). The strength
scale values used were the average of the 11 individual
item responses. The scale has high internal consistency
reliability (>0.90) and is relatively stable (two year sta-
bility coefficient >0.60).”

Grip strength

Grip strength was assessed in a standardised way, as
previously described,® with a Smedley dynamometer
(TTM, Tokyo, Japan). To measure maximal strength,
the width of the handle was adjusted to fit the hand size
with the second phalanx resting against the inner stir-
rup. Grip strength is influenced by the position of the
elbow; strength is greater with a fully extended elbow.
We required the elbow to be held at 90° and the upper
arm to be tight against the trunk in a series of three
measurements, with brief pauses between each, and
subsequently used the maximum value as the estimate.
We identified the maximum value of three measure-
ments with each hand. Grip strength discriminates
functioning in all adult age groups, predicts incident
disability, and is highly correlated with muscular
power in other muscular groups. It is easily and reli-
ably measured and it correlates with function in activ-
ities of daily living and survival among the oldest old.®

Cognitive functioning

The cognitive battery included the mini-mental state
examination (MMSE)? and five brief cognitive tests
selected to be sensitive to age related changes."” The
MMSE is a standard neurological screening test that
is especially effective for screening at the lower end of
cognitive functioning. In our sample, the MMSE was
both internally consistent (0.75) and temporally stable
(two year stability coefficient 0.64). The brief cognitive
tests included a verbal fluency task (the number of ani-
mals named in one minute), forward and backward
digit recall, and immediate and delayed recall of a 12
item list. The five individual cognitive measures were
temporally stable (two year stability coefficients range
from 0.40 to 0.52) and positively correlated, the latter
justifying the formation of a cognitive composite of the
five tests (internal consistency reliability estimate 0.75;
two year stability coefficient 0.60)."

Leucocyte telomere length

For 282 of the participants, we had access to a full blood
sample drawn in 1997-8. We used two enzyme digests
(Hinf I/Rsa I and Hph I/Mnl I) to generate the term-
inal restriction fragments (TRF), the mean length of
which was used as an indicator of leucocyte telomere
length.'' '? Telomere length is an indicator of the num-
ber of historic cell replications and the replicative
potential of cells. Shorter length is associated with a
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Table 1|Descriptive characteristics of men in full sample (840 photographs) by actual age group and thirds of perceived age. Figures are means unless

stated otherwise

70-74 (n=375) 75-79 (n=255) 280 (n=210)
1stthird 2ndthird 3rd third P value* 1st third 2ndthird 3rd third P value* 1stthird 2ndthird 3rd third P value*

Perceived age 71.9 76.1 79.8 — 75.5 78.6 81.5 — 75.7 80.1 83.5 —
Person year 800.3 792.3 672.0 — 456.6 465.7 440.3 — 327.9 321.1 271.1 —
Deaths 25 21 49 — 39 30 42 — 42 46 54 —
Mortality rates per 100 years 3.1 2.7 7.3 <0.001 8.5 6.4 9.5 0.613 12.8 14.3 19.9 0.031
Strength score 3.5 3.5 3.2 <0.001 3.4 3.4 3.2 0.006 3.1 3.0 2.8 0.009
Grip strength 38.3 N 38.0 B 36.6 N 0.118 - 35.1 B 35.5 N 34.5 B 0.647 - 31.1 N 30.9 B 28.8 N 0.077
MMSE 276 273 266 0008 269 267 258 0080 263 253 242  0.003
Cognitive score 30 30 19 0026 23 19 12 008 08 10  -05 0013
Telomere length: N N B N - B N B - N B N

Hph I/Mnl | — — — — 4.6 4.5 4.4 0.104 4.5 4.5 4.4 0.568

Hinfl/Rsal — - — - 5.9 5.8 5.6 0.251 5.5 5.6 5.5 0.671

MMSE=mini-mental state examination.
*Trend over thirds of perceived age for increasing log rates for mortality rates and for decreasing mean with increase in grouping of perceived age (with variance weighted least square

regression) for phenotypes.

host of diseases related to ageing and lifestyle factors
and has been shown to be associated with mortality."

Analyses

The reliability analysis of perceived age was conducted
with analysis of variance. Survival analyses with Cox’s
proportional hazards models were used to study the asso-
ciation between perceived age and survival since the date
of the photograph. The hazard ratio was initially esti-
mated with sex and perceived age as independent covari-
ates, then with sex and chronological age as independent
covariates, and finally with all three covariates to assess
the effect of perceived age given a person’s chronological
age. We also performed a series of similar analyses
including the other biomarkers of ageing (that is, the phy-
sical and cognitive functioning measures). The propor-
tional hazards assumption underlying the Cox model
was tested with the Schoenfeld residual test. Intrapair
analyses were performed by calculating the proportion
of times the co-twin who looked oldest died first. The

proportion was compared with the null hypothesis of
equality (50%/50%), by using the standard binomial test.

We analysed trends with a variance weighted least
square regression and used correlation analyses,
adjusting for sex and chronological age, to study the
association between perceived age and the ageing phe-
notypes (physical and cognitive functioning as well as
telomere length).

Statistical analysis was done with Stata 9.2. As the
data partly pertain to twin pairs, a correlation between
twins in a pair would lead to an underestimation of
standard errors if we used the traditional procedure
for obtaining these. Therefore, our regression analyses
used the “cluster” option in Stata with a unique pair
number as the cluster variable.

RESULTS

All three assessor groups rated 387 twin pairs (774
twins, 352 men and 422 women), corresponding to
175 monozygotic and 212 dizygotic twin pairs. Analysis

Table 2|Descriptive characteristics of women in full sample (986 photographs) by actual age group and thirds of perceived age. Figures are means unless

stated otherwise

70-74 (n=357) 75-79 (n=284) 280 (n=345)
1stthird 2ndthird 3rd third P value* 1stthird 2ndthird 3rdthird P value* 1stthird 2ndthird 3rd third P value*

Perceived age 70.7 75.3 79.6 — 74.0 78.7 82.4 — 75.9 81.0 85.1 —
Person year 7812 7525 7105 — 5985 5767 5317  — 6587 5874 5171 —
Deaths 10 23 33 — 18 27 31 - 42 74 69 -
Mortality rates per 100 years 1.3 3.1 4.6 <0.001 3.0 4.7 5.8 0.025 6.4 12.6 13.3 <0.001
Strength score 3.4 3.3 3.3 0.053 3.3 3.1 2.9 <0.001 3.1 2.7 2.3 <0.001
Grip strength 233 234 233 0953 217 213 193 0002 199 173 155  <0.001
MMSE 274 272 268 0076 272 262 263 0013 262 252 235  <0.001
Cogpitive score 33 33 27 0145 33 19 14 001 19 05  -03  <0.001
Telomere length: N N N N - N N N - N N N

Hph I/Mnl | — — _ — 48 4.8 4.7 0.491 4.9 47 45 «0.001

Hinf I/Rsa | - - - - 60 58 58 0173 61 58 56  <0.001

MMSE=mini-mental state examination.
*Trend over thirds of perceived age for increasing log rates for mortality rates and for decreasing mean with increase in grouping of perceived age (with variance weighted least square

regression) for phenotypes.
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Table 3|Chronological age, perceived age by assessors, and ageing phenotypes in Danish twins aged 270 (numbers vary because of missing values)

Assessed by all three groups

Assessed total

Female nurses Male students Older women All assessors Female nurses
No of twins (n=20) (n=9) (n=11) (n=40) No of twins (n=10)
Mean (SD) age o 774 o 75.8 (4.5) o 75.8 (4.5) o 75.8 (4.5) o 75.8 (4.5) - 1826 o 77.7 (5.9)
Mean (SD) perceived age 774 76.6 (3.7) 75.9 3.3) 77.5(3.7) 76.7 3.4) 1826 77.8 (4.2)
Corelationbetween chronologicaland 774 035%% 0330 022%% 033 1826 052
perceived age
Correlation between perceived aget arE: N N N B - N
Strength scoret 773 =0.24%** —0.25%** —0.22%** —0.25%*** 1818 -0.20***
Grip strengtht 752 -0.10* -0.11** -0.11** -0.11** 1750 -0.08**
MMSET 767 -0.15** -0.15** -0.11* -0.15** 1803 -0.13***
Cognitive scoret N 761 N =0.19*** N =0.17%** N =0.14*** B -0.18*** - 1785 N =0.14%***
Telomere lengtht (Hph I/Mnl 1) 170 13  -009  -011  -013 279  -oart
Telomere lengtht (HinfI/Rsa |) 138 -0.23* -0.20* =-0.27** -0.25** 239 -0.23**

MMSE=mini-mental state examination.
*P¢0.05, **P<0.01, ***P<0.001.

tAdjusted for chronological age and sex.
FAdjusted for the age at blood sampling and sex.
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of variance showed that the perceived age data from all
three assessor groups had high reliability (0.82-0.94).

Tables 1 and 2 provide the characteristics for age
and sex specific thirds of perceived age for the full sam-
ple of 1826 pictures rated by the 10 nurses. The pattern
is consistent across all six age and sex strata, with
higher mortality and poorer functioning in the higher
perceived age thirds.

Table 3 shows comparisons of data, including the
correlation between perceived age and the other bio-
markers of ageing, generated by all three assessor
groups. Given the consistency of ratings across the
three groups of assessors, only ratings generated by
10 female nurses were used in the total sample of the
1826 participants.

The mean of the perceived ages was close to the
mean of the chronological ages; within one year in all
rater groups except the older assessors, who overesti-
mated the ages by an average of 1.7 years. The mean
chronological age was about two years higher in the
total sample of 1826 twins than among the 387 twin
pairs (774 individuals) as the total sample also included
twins whose co-twins had died, and these tended to be

older than the twins with living co-twins. The correla-
tion between perceived age and chronological age was
highest in the total sample (0.52), while it was lowest
(0.22), but still highly significant, using the data from
the older female assessors.

Ageing phenotypes

Table 3 shows the results of the correlation between
perceived age and the physical and cognitive function-
ing ageing phenotypes and leucocyte telomere length,
adjusted for chronological age and sex. Perceived age
was significantly correlated with all functional pheno-
types across all assessor groups and in both the twin
pair sample and the total sample. In addition, all tested
indices of ageing were associated with increased per-
ceived age in the expected direction—for example,
decreased physical and cognitive functioning was asso-
ciated with increased perceived age. Leucocyte telo-
mere length, measured with two types of enzyme
digests, showed the same pattern of association with
perceived age. The association of perceived age with
leucocyte telomere length generated by the Hph 1/
Mnl I was significant only for the assessments made

Table 4|Mortality risk during seven years’ follow-up associated with sex, chronological age, and perceived age. Figures are

hazard ratios (95% confidence intervals)

Assessed by all three groups (774 twins)

Total (1826 twins)

Model and covariates
1

Sex

Female nurses (n=20)  Male students (n=9)

Chronological age
2

Sex

Perceived age

3

Sex

Chronological age

1.10*** (1.07 to 1.13)  1.10*** (1.07 to 1.13)

- 0.66** (0.51 to 0.86) - 0.66** (0.51 to 0.86) o
Tl (1.10to 1.16)71.13*** (1.10to 1.16)7

0.73*(0.56 to 0.97) 0.66** (0.50 to 0.87)
1.18%** (1.13 t0 1.23)  1.19*** (1.14 to 1.25)

0.68** (0.52t0 0.89)  0.63** (0.48 t0 0.82)

assessed by 10 female
Older women (n=11)  All assessors (n=40) nurses
0.66** (0.51 t0 0.86) o 0.66** (0.51 t0 0.86) o 0.60*** (0.52 t0 0.70)

1.13***(1.10t0 1.16)  1.13***(1.10t0 1.16)  1.11***(1.10t0 1.13)

0.71* (0.54 t0 0.94) 0.70* (0.53 t0 0.93) 0.67*** (0.57 t0 0.78)
1.13***(1.09t0 1.17) 1.19***(1.14 t0o 1.24) 1.15***(1.13t0 1.17)

0.65** (0.50t0 0.85)  0.66** (0.50t00.86)  0.59*** (0.51 t0 0.69)
1.11***(1.08 to 1.14)  1.10*** (1.07 to 1.13) ~ 1.08*** (1.07 t0 1.10)

1.13***(1.08 to 1.18)
*P<0.05, **P<0.01, ***P<0.001.

Perceived age 1.13***(1.08 t0 1.19)

1.09*** (1.05t0 1.14)  1.13***(1.08 to 1.19)  1.08*** (1.05 t0 1.10)
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by the nurses of the total sample. However, the corre-
lation was significant for all assessor groups when Hinf
I/Rsa I was used to generate the data on leucocyte tel-
omere length.

Survival analysis

At the end of the seven year follow-up period, among
the 387 twin pairs (352 men and 422 women), 225
(29%) had died, 116 (33%) men and 109 (26%)
women. In the total sample of 1826 twins, 348 (41%)
men and 327 (33%) women had died. Table 4 shows
the hazard ratios adjusted for sex, perceived age, and
chronological age. As expected from Danish demo-
graphic data, the hazard ratio for chronological age
was 1.11-1.13 in the bivariate analyses, corresponding
to an 11-13 % increase in mortality risk per year and a
30-40% mortality reduction in women compared with
men. For all the assessor groups, perceived age was
highly and significantly correlated to mortality in the
bivariate analyses and also highly and significantly cor-
related after adjustment for chronological age.

The effect size for perceived age was the same as or
larger than chronological age, both in the univariate
and the bivariate analyses. This large effect of per-
ceived age might be caused, in part, by regression to
the mean (perceived age was underestimated for the
oldest people and overestimated for the youngest).”
When we scaled chronological and perceived age to
the same mean and standard deviation, however, the
effect of chronological age and perceived age was of
nearly identical size for the nurses and the young
male assessors whereas the perceived age effect was
smaller for the older assessors but still highly signifi-
cant (data not shown).

Perceived age was still significantly associated with
survival after adjustment for other biomarkers of age-
ing. As expected from the correlations in table 3, how-
ever, the effect size in full sample was attenuated from a
hazard ratio of 1.08 (1.05 to 1.10) (table 4) when we
adjusted for chronological age and sex to 1.05 (1.03 to
1.07) when we added MMSE and grip strength and
finally to 1.03 (1.01 to 1.06) when we also included
strength score and cognitive score in the model
together with all the previous covariates.

The proportional hazards assumption was generally
not violated in the applied models with the 387 same sex
twin pairs, although there was a tendency for the asso-
ciation between perceived age and mortality to decline
after more than five years of follow-up. To investigate
the time dependency further, we carried out a subana-
lysis excluding participants who died within two (three)
years of their photograph being taken. We found the
same pattern as in the overall twin pair sample, and
the age adjusted association between perceived age
and mortality was still significant for all the assessor
groups (data not shown). The proportional hazards
assumption was not violated in the total sample with
the 1826 twins, and the association between perceived
age and mortality did not decline after five years of fol-
low-up. This indicates that perceived age is not just pre-
dictive of short term mortality.

As of 31 January 2008, there were 179 pairs (78
monozygotic and 101 dizygotic) in which at least one
twin had died. Figures 2 and 3[f] show the analyses
within pairs stratified by zygosity, which show signifi-
cant differences. Figure 2 shows that for the dizygotic
twin pairs the likelihood that the older looking twin of
the pair died first increased markedly with increasing
difference in perceived age within the pair—that is, the
bigger the difference in perceived age within the pair,
the more likely it was that the older looking twin died

Female nurses
1.0 0.001

0.9 <0.001

08 0.002
0.017

Proportion (95% CI)

0.7

0.6

0.5

04 63/101 51/74 38/48 21/25

Male students

1.0 0.001

0.9
0.004
0.8 0.005

0.017
0.7

Proportion (95% Cl)

0.6

0.5

04 63/101 50/75 35/49 21/25

Older women
1.0

0.9 0.04

0.02
0.8

0.11

Proportion (95% CI)

0.7 023
0.5 T
57/101 45/75 33/49 18/25

0.4

Al
1.0 <0.001

0.9 0.001

0.8 0.011
0.009

0.7

Proportion (95% CI)

0.6

0.5

04 64/101 49/75 37/50 22/25
' All Top 75% Top 50% Top 25%

Difference in perceived age in twin pair

Fig 2| Comparison within pairs of dizygotic twins, showing
proportions of pairs in which older looking twin died first.

P values are two sided for standard binomial test. Numbers
above x axis indicate absolute number of pairs in which older
looking twin died first divided by total number of pairs
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Difference in perceived age in twin pair

Fig 3| Comparison within pairs of monozygotic twins, showing
proportions of pairs in which older looking twin died first.

P values are two sided for standard binomial test. Numbers
above x axis indicate absolute number of pairs in which older
looking twin died first divided by total number of pairs

first. There was a significant increasing linear trend for
all assessor groups (P=0.001 for nurse assessors,
P=0.021 for student assessors, P=0.03 for older asses-
sors) and all assessors combined (P=0.02). Figure 3
shows that there was no such association for monozy-
gotic twins.

DISCUSSION
Perceived age predicts survival among people aged
>70, even after adjustment for chronological age, sex,

and other readily measurable biomarkers of ageing.
Perceived age also correlates with age related pheno-
types such as physical and cognitive functioning and
leucocyte telomere length. Clinicians use perceived
age as part of their assessment of patients, but research
on the validity of the approach has been sparse.' "'
We have shown that perceived age based on facial
photographs is a robust biomarker of ageing that
does not depend on the sex, age, and professional back-
ground of the assessors.

In our analysis, the comparison within pairs of dizy-
gotic twins controlled for rearing environment and, on
average, half the genetic factor variants present in a
population, while the comparison within pairs of
monozygotic twins controlled for all genetic factors
and rearing environment. We found indication of com-
mon genetic factors influencing both perceived age
and survival because controlling for genetic factors
(the comparison within monozygotic pairs) removed
the association between perceived age and survival
(fig 3). This was in contrast with the results for the over-
all twin sample and for the dizygotic twins, where com-
parison within pairs showed a clear “dose response”
association between perceived age and survival
(fig 2). Hence, the comparison within pairs suggests
that there are genetic factors influencing both survival
and perceived age (for example, genetic factors that
influence the condition of cardiovascular tissue could
affect the risk of myocardial infarction as well as the
appearance of skin). Full details of this study design
can be found elsewhere."”

Many candidates have been proposed as biomarkers
of ageing—that is, measurements that correlate well
with a wide range of age sensitive traits in multiple
domains, after statistical adjustment for the effects of
chronological age, and predict survival. So far, how-
ever, no biomarker of ageing has been able to chal-
lenge chronological age as the best predictor of future
survival. Our study shows that in a group of people
aged >70, perceived age is a strong predictor of mor-
tality after adjustment for chronological age. Whether
this is true in other settings and in younger age groups
is unknown, but we anticipate that the effect might be
even more pronounced in middle age because there
will be no immediate ceiling effect in the assessors’ age
estimates.? We could not examine whether the assess-
ment of perceived age is sensitive to the ethnic and
cultural background of the assessors. Nearly all the
cohort members were white and we used white raters.
Cross cultural or ethnic rating might be more difficult
than rating within a culture.

Strengths and weaknesses of study

This was a population based study with a high partici-
pation rate. The photographs were taken as part of a
survey in which the interviewers visited the partici-
pants in their homes, which ensured the inclusion of
frailer participants. The photographs, however, were
not as standardised as they would have been in a clin-
ical setting because of the various conditions in the par-
ticipants’ residences. The high reliability values in the
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Clinicians use perceived age as a general indicator of a patient’s health, though its clinical
utility has not been systematically investigated

WHAT THIS PAPER ADDS

In a group of 1826 Danish twins aged 270, perceived age predicted survival, even after
adjustment for chronological age, sex, and rearing environment

Perceived age adjusted for chronological age and sex correlated with physical and cognitive
functioning as well as leucocyte telomere length

The results were not sensitive to the age, sex, and professional background of the assessors
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analyses of variance and the consistent results across
assessor groups indicate that perceived age was reli-
able. Also, leucocyte telomere length, which is cur-
rently among the most promising molecular
biomarkers of ageing,'*'*'” was significantly correlated
with perceived age, despite a three to four year time
gap between the DNA sample collection for this
assay and the photography, suggesting that the correla-
tion would be even stronger had the blood samples and
photographs been obtained at the same time.

Specific health hazards, such as smoking and sun
exposure, and low socioeconomic status and high
depression score are associated with perceived age.®
This further strengthens the notion that perceived age
is abiomarker of ageing because general biomarkers of
ageing should be able to reflect and summarise various
major common health hazards.

When assessing health, physicians traditionally com-
pare perceived and chronological age, and for adult
patients the expression “looking old for your age” is
an indicator of poor health. Our study indicates that
this practice, which has existed for decades if not
centuries,' is actually a useful clinical approach espe-
cially given that in a clinical setting perceived age is
based on an array of indicators in addition to facial
appearance. It is unclear why there has been so little
research on the reliability and validity of perceived
age given that it is so widely used and formally regis-
tered in patients’ notes in many settings. One reason
could be that perceived age is considered too diffuse
and subjective a measure to be of scientific interest. A
parallel could be self rated health (measured as very
good, good, average, poor, very poor), which was also
formerly considered an unreliable variable until papers
in the 1980s showed that self rated health obtained in
surveys was a strong predictor of short and long term
survival—even among seemingly healthy individuals."®
Since then self rated health has been standard in most
surveys and in clinical studies. If perceived age can be
confirmed as a robust biomarker of ageing in other set-
tings, it could be an important addition to surveys and
clinical studies, albeit logistically not as simple as self
rated health.

Clinicians are constantly confronted with new techno-
logical tools and tests of uncertain clinical importance—
for example, genome-wide association studies of com-
mon diseases have identified many polymorphisms

associated with small increases in risk.'”?' Apolipopro-
tein E genotype and FOXO 3A, however, are the only
common genetic variants that consistently have been
shown to be associated with longevity, and their effect
size is modest.”** A basic clinical tool such as perceived
age is a useful biomarker of ageing and facial photo-
graphs are, currently, likely to be more informative
with regard to survival of older people than a DNA sam-

ple.
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