
Introduction

A recent survey of over 100,000 Medicare beneficiaries
aged 65 and older showed that heart and lung disease and
back pain (BP) were the most important factors affecting
the average physical health status of older Americans [6].
Yet out of the total body of publications on BP, surpris-
ingly little research has focused on BP in old age, and
there is an under-representation of the older population in

the BP literature [3]. Furthermore, the authors of the most
extensive review so far dealing with the prevalence of BP
in old age found that results of published studies were dif-
ficult to interpret and compare, due to varying definitions
of BP among the studies [3]. Consequently, at present it is
not known with certainty how common BP is in senior
age groups.

Little information is also available on the development
and prognosis of BP over time late in life. In several
cross-sectional studies the prevalence of BP has been esti-
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mated for old versus very old persons (i.e. 75–80- vs
81–85-year-olds), but results have been conflicting, rang-
ing from a higher prevalence in oldest age groups [7, 17]
over no difference [9], to a decreased prevalence with in-
creasing age [1, 16, 24]. In none of these studies, how-
ever, were identical, repeated measurements performed in
the same cohort, and the actual development of BP over
time late in life has yet to be established.

BP in old age has been associated with osteoporosis
[21] and, in particular, with vertebral fractures following
osteoporosis [17, 20, 21]. However, BP appears to be highly
associated with decreased physical functioning also in
persons without osteoporosis or fractures [6, 27]. A closer
look at patterns of co-occurrence of BP with other health
conditions, lifestyle, socio-economic factors and self per-
ceived health is therefore of interest in order to determine
whether BP is a common but unique, and maybe negligi-
ble, symptom or whether it might be considered an indi-
cator of more general poor health late in life.

BP, and in particular low back pain, are among the
most prevalent conditions in the population as a whole,
affecting some 70% of the population in their lifetime [26,
28] and resulting in staggering costs to society [2]. BP is,
however, rarely a life-threatening condition, and the ma-
jority of these costs are related to disability payments and
production losses [29], factors with little relevance in older
age groups. This might explain the low priority assigned
to BP in old age by both researchers and society as a
whole. People aged 65 and older are, however, the fastest
growing segment of the population all over the Western
world [34], and more precise knowledge about the preva-
lence and impact of BP in this age group is desirable.

The present study is based on a large, population-based
prospective cohort of Danish twins aged 70–102 years.
We report data describing the 1-month prevalence of BP and
the possible association with an extensive list of health
problems, lifestyle factors, education and self-rated health.
We also describe the development of BP over time among
the survivors both at the group and at the individual level.

Materials and methods

Study population and data collection

The Danish Twin Registry includes twin pairs born in Denmark
between 1870 and 1910 and same-sex twin pairs born between
1911 and 1930 [15]. The Danish Twin Registry is the basis for the
Longitudinal Study of Aging Danish Twins (LSADT), which has
previously been described in detail [4]. In brief, the first wave of
LSADT comprised Danish twins who were aged 75 or older on 
1 January 1995 (regardless of whether the co-twin was alive), a to-
tal of 3099 individuals. Face-to-face interviews were completed
during a 3-month period (February–April 1995) by 100 trained in-
terviewers; 2401 interviews were conducted, corresponding to a
participation rate of 77% (7% completed by proxy) (Fig. 1). The
response rate was significantly higher in men than in women (81 vs
74%) (P<0.01). The responders and non-responders were similar
in terms of age. The mean age for responders and non-responders

in both sexes was within 0.6 year of 81 years [4]. Two years later,
the survey was repeated among the survivors from the 1995 wave,
and among an additional 779 twins aged 73–76. The overall re-
sponse rate in LSADT-97 was 79% (6% completed by proxy). In
1999, all surviving 1997 participants were contacted, as were twins
who had turned 70 in the meantime. LSADT-99 had an overall par-
ticipation rate of 70% (3% completed by proxy). Finally, in 2001,
surviving 1999 participants plus twins who had turned 70 since
1999 were contacted. LSADT-01 had an overall participation rate
of 80.7% (4% completed by proxy). The reason for proxy inter-
view was most often that the participant suffered from dementia,
and therefore data from all proxy interviews were excluded in the
present study.

Back pain assessment

Back pain was assessed in all waves using the same question:
“Have you during the past month suffered from back pain, acute
low back pain or lumbago?”

Health and education

In all surveys the participants were asked whether a physician had
ever told them that they suffered from various diseases. Partici-
pants who answered “Yes, previously” or “Yes, currently” were
subsequently asked to confirm that this was a diagnosis made by a
doctor, before the answer was accepted as valid. Participants were
also asked about current or past smoking habits, years of school
and education after school and self-rated health.

Functional abilities

Assessment of functional abilities was based on self-report, which
has generally been found to be reliable and valid [18]. The instru-
ment used has previously been validated in Denmark, and it has
been shown to discriminate levels of functional abilities among
community-dwelling elderly persons [31]. The instrument was ex-
panded to further include information on the need for equipment or
aids in relation to functional abilities [30], as well as all items from
the Katz Index of Activities of Daily Living [22]. All items were
rated on a 1 to 4 scale: 4 = can do without fatigue; 3 = can do with
fatigue or minor difficulties; 2 = can do with aid or major difficul-
ties; 1 = cannot do. Eleven items were after a factor analysis aver-
aged into a Strength score [5]. The Strength score was adjusted for
age and sex by subtracting an age-sex specific mean [5].

Cognitive state and functioning was measured using the Mini
Mental State Examination (MMSE) [11].
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Fig. 1 Overview of participation and self-reported 1-month preva-
lence of back pain (BP) at intake in the 1995, 1997, 1999, and
2001 waves of the Longitudinal Study of Aging Danish Twins
(LSADT)



Data analysis

BP prevalence was first assessed in a cross-sectional analysis, then
in a longitudinal analysis both at the group and at the individual
level, and, finally, associated factors were analysed using univari-
ate and multivariate analysis.

Prevalence of back pain

Results from the four LSADT surveys were combined and answers
given at entry into the study, i.e. the first time a subject partici-
pated in a survey, were used in the cross-sectional analysis. Sex-
specific prevalence estimates with 95% confidence intervals (CI)
were calculated for five-year age groups.

In the longitudinal analysis, prevalence rates of BP for subjects
aged 75–84 in 1995 and participating again in the 1997, 1999 and
2001 waves were calculated to investigate whether the 1-month
prevalence of LBP tended to change over time among the sur-
vivors. The number of times each individual survivor reported BP
was also tabulated to study whether BP was most often a persistent
or a passing symptom.

Co-morbidity and factors associated with BP

Co-morbidity and factors associated with BP were assessed using
the cross-sectional sample, i.e. answers at intake into any of the
four waves.

We compared co-occurring health indicators in participants
with BP against those in participants without BP. The association
of co-occurring health indicators and BP was estimated using a lo-
gistic regression model for categorical indicators (self-reported
diseases, self-reported health, education, and smoking), and a mul-
tivariate linear regression model for continuous indicators (MMSE
score, Strength score) controlling for age and sex.

To account for the non-independence of twins, twins from in-
tact pairs (both twins in a pair participating) were analysed in clus-
ters of two in all regression models.

For all analyses, the Stata statistical software package, release
6.0, was used [32].

Results

Prevalence

Out of 4486 participants included in the analysis (i.e. an-
swers not provided by proxy) 4484 answered the question
regarding BP within the past month. The overall 1-month
prevalence of BP in this population-based sample of twins
aged 70–102 years was 25% (95% CI 24–27%). The
prevalence was significantly different for men and women
[20% (CI 18–22%) vs 29% (CI 28–31%), P<0.00001]
(Fig. 2). No statistically significant differences or consis-
tently increasing or decreasing trends were found between
the 5-year age groups in the cross-sectional analysis (Fig. 2).
Similarly, in the longitudinal analysis, prevalence varied
negligibly over time among the survivors from the 1995
wave both for men and women (Fig. 3). At the individual
level, the vast majority of participants in all four LSADT
waves had either not experienced BP during the month

prior to any of the interviews (49%) or had done so on
only one occasion (21%) (Table 1).

Co-morbidity

Lower levels of self-rated health were associated with BP
prevalence in a significant dose-response like relation-
ship, strongest among women, where participants rating
their own health as “poor” were more than seven times as
likely to also have experienced BP within the past month
compared to women rating their health as “excellent”
(Table 2).

BP was associated with an extensive list of co-occur-
ring diseases both in the univariate and the multivariate
analysis (Table 3): most noticeably, bone and joint disor-
ders (degenerative joint disease, disc prolapse, osteoporo-
sis, vertebral fracture, rheumatoid arthritis, gout). How-
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Fig. 2 Prevalence of BP at intake according to age and sex among
Danish twins aged 70+ from the 1995, 1997, 1999, and 2001
waves of the LSADT: cross-sectional analysis

Fig. 3 Prevalence of BP at four time points for participants in all
LSADT waves (1995, 1997, 1999, and 2001): longitudinal analy-
sis



ever, migraine, lung diseases (asthma, chronic bronchitis),
cardiovascular disorders (hypertension, angina pectoris,
coronary attack), and gastric ulcer were also significantly
associated with BP. Neurologic disorders (epilepsy, Parkin-
sons disease) and endocrinological disorders (diabetes,

Graves disease, Hashimotos disease) were not signifi-
cantly associated with BP, although for men both Parkin-
sons disease and Graves disease exhibited borderline sig-
nificance for association (Table 3).

Living alone was associated with BP only for men (OR
1.19, 95% CI 1.00–1.42); however, the increased risk was
very modest. Neither current nor past smoking was asso-
ciated with BP in either of the sexes, and nor was increas-
ing body mass index. Years of school and education after
school were found not to be associated with BP (data not
shown).

Having BP was significantly associated with lower
Strength scores (2.78 for participants with BP vs 3.16 for
participants without BP; OR for lower Strength score:
1.39, 95% CI 1.27–1.52); however, no association was found
between BP and MMSE scores (OR for lower MMSE score
among participants with BP: 1.00, 95% CI 0.99–1.02).
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Table 1 Number (percentage)
of participants in all four
waves (1995, 1997, 1999 and
2001) of the Longitudinal
Study of Aging Danish Twins
who reported back pain (BP)
within the past month, accord-
ing to the number of episodes
of BP in that period

No. of BP N %
episodes

0 323 49
1 137 21
2 89 13
3 59 9
4 43 6
Missing 13 2
Total 664 100

Table 2 Number of participants
with BP and odds ratios (OR)
for BP, with 95% confidence in-
tervals (CI), according to self-
rated health among 4484a Dan-
ish twins aged 70–102 years

P<0.00001 for all regression
models according to Wald test
a Information on self-rated health
missing for eight participants

Self-rated health n OR (95% CI)

Male + female Male Female

Excellent 1319 1.00 1.00 1.00
Very good 1716 1.90 (1.57–2.30) 1.69 (1.24–2.31) 2.06 (1.61–2.62)
Good 1034 3.47 (2.84–4.24) 2.80 (2.00–3.92) 3.83 (2.97–4.92)
Fair 305 4.90 (3.72–6.44) 4.33 (2.76–6.80) 5.21 (3.68–7.38)
Poor 106 6.34 (4.14–9.70) 4.54 (2.11–9.75) 7.13 (4.23–12.02)

Table 3 Disease prevalence (%) according to BP status, prevalence proportion ratio (PPR) and odds ratio (with 95% CI) among 4484
Danish twins aged 70–102 years

Disease Prevalence (%) PPRa OR (95% CI)
$+!b

+BP –BP $+!b $ !

$+! $ ! $+! $ !

Degenerative joint disease 47 36 53 23 17 28 2.04 2.11 1.89 2.65*** (2.24–3.14)
Disc prolapse 16 18 15 5 7 4 3.20 2.57 3.75 3.40*** (2.73–4.23)
Osteoporosis 15 6 20 4 1 6 3.75 6.00 3.33 4.36*** (3.39–5.59) 
Vertebral fracture 8 8 8 2 2 2 4.00 4.00 4.00 3.41** (1.50–7.79)
Rheumatoid arthritis 8 7 9 5 4 6 1.60 1.75 1.50 1.67*** (1.30–2.15)
Gout 8 10 6 4 6 3 2.00 3.33 2.00 2.11*** (1.59–2.81)
Migraine 15 5 15 9 3 9 1.67 1.67 1.67 1.72*** (1.38–2.15)
Chronic bronchitis 13 20 13 9 12 9 1.44 1.67 1.44 1.69*** (1.39–2.05)
Asthma 11 14 11 8 10 8 1.38 1.40 1.38 1.44*** (1.20–1.73)
Hypertension 31 24 31 26 19 26 1.19 1.26 1.19 1.21*** (1.06–1.39)
Angina pectoris 10 7 10 5 5 5 2.00 1.40 2.00 1.90*** (1.48–2.45)
Coronary attack 8 11 8 6 10 6 1.33 1.10 1.33 1.33** (1.08–1.64)
Gastric ulcer 14 18 14 9 12 9 1.56 1.50 1.56 1.70*** (1.40–2.07)
Epilepsy 1 1 1 1 2 1 1.00 0.50 1.00 1.19 (0.89–1.60)
Parkinsons disease 1 4 1 1 1 1 1.00 4.00 1.00 1.05 (0.99–1.12)
Diabetes 8 9 8 8 8 8 1.00 1.13 1.00 1.15 (0.94–1.42)
Graves disease 7 2 7 5 1 5 1.40 2.00 1.40 1.18 (0.97–1.45)
Hashimoto’s disease 5 1 5 3 1 3 1.67 1.00 1.67 1.15 (0.94–1.39)

*P<0.05; **P<0.005; ***P<0.0001
aPrevalence proportion ratio between +BP and –BP
bAdjusted for sex and age, complete twin pairs analysed in clusters of two



Discussion

BP is a common symptom in younger age groups and it re-
mains common in old age, with roughly 25% of the popu-
lation experiencing BP every month. For both men and
women, prevalence does not appear to increase with in-
creasing age, and around half (49%) of participants in this
study had not experienced BP during the month prior to
any of the four interviews. We found four previous studies
reporting on the 1-month prevalence of BP in this age
group [7, 14, 16, 17]; however, they were all cross-sec-
tional. In all papers overall 1-month prevalence rates sim-
ilar to ours (between 20 and 30%) were reported; however,
both Croft and Rigby [7] and Huang et al. [17] reported
higher rates in the oldest age groups. Contrary to this,
Heliövaara et al. found significantly lower rates in the 74+
age group compared to the group aged 65–74 years [16],
and Hagen et al. only reported a combined prevalence for
the 65- to 79-year age group (22%) [14]. Thus the present
study is, to our knowledge, the first study employing both
a cross-sectional and longitudinal analysis in the same
sample with identical measurements at four different time
points, and we found no evidence for any change in preva-
lence with increasing age using either approach.

Lower education has been associated with a higher fre-
quency of BP in many epidemiologic studies published
over the past 30 years [8], probably due to the association
between low education and physically demanding jobs.
We did not find a significant association between few
years of school or lower education after school and BP. It
may be that the effect of education or physically demand-
ing jobs on BP is not detectable after retirement; however,
our data do not justify firm conclusions with respect to
these questions.

BP is not an isolated health problem in old age. In fact,
the symptom of pain in the back is associated with a long
list of co-occurring health problems, mainly bone and
joint diseases (both inflammatory and non-inflammatory),
migraine headaches, lung and heart diseases and gastric
ulcer. It is hardly surprising that degenerative joint dis-
ease, disc prolapse, osteoporosis (with and without verte-
bral fracture), rheumatoid arthritis and gout are associated
with BP, since they all to some extent involve the osseous
structures and joints of the vertebral column. Neverthe-
less, the relationship between, for instance, vertebral frac-
tures and BP in old age is not entirely clear. Huang et al.
reported that, among post-menopausal Japanese-Ameri-
can women, a “dose-response” like relationship existed
between the number of vertebral fractures and BP [17].
Contrary to this, Kanis and McCloskey found that, even
though women experienced a 20-fold increase in risk for
vertebral fractures between the ages of 60 and 90, half of
these fractures were asymptomatic [21], and Zetterberg et
al. concluded that the major explanation for longstanding
BP in the elderly was not related to osteoporosis, since
only half as many cases with vertebral fractures following

osteoporosis reported BP compared to matched controls
without any fractures [35]. Finally, Joakimsen et al., after
reviewing 222 scientific articles on vertebral fractures, con-
cluded that vertebral deformities following fractures rep-
resent only a minor public health problem, and that less
than 8% of BP cases among the elderly can be attributed
to such fractures [19]. One explanation for these appar-
ently paradoxical findings might be that different types of
fracture, i.e. total, anterior, posterior or central collapse of
the vertebral body, and location of these fractures, i.e. spi-
nal level, may produce different symptomatology.

The association between lung disease and BP might be
explained by the effect of frequent coughing causing re-
peated increase in spinal pressure which, over time, might
lead to pain, as suggested by Gyntelberg almost 30 years ago
[13]. BP and cardiovascular diseases have been shown to
share a number of risk factors [33], and BP has been linked
to atherosclerotic changes in the posterior wall of the ab-
dominal aorta in older persons [23]. Probably the most
important cause and common denominator for these prob-
lems is smoking, which has also been associated with BP
in many studies, even though evidence for a direct causal
link between the two is lacking [12, 25]. Curiously, in this
study we did not find any association between either pre-
sent or past smoking and BP. It may be that too few smok-
ers with lung and heart disease lived long enough to be in-
cluded in this study.

Poorer self-rated health exhibits a strong relationship
of the “dose-response” type with increasing risk for expe-
riencing BP. In fact around half of the persons with BP
during the past month considered their health as “poor” –
the lowest category. This is hardly surprising considering
the long list of co-morbidities in BP sufferers. In fact, we
do not believe BP to be the sole cause of this perception
of poor health. Rather, BP should be considered part of
larger syndrome of poor health in old age and, bearing in
mind the strong relationship with self-rated health, maybe
self-reported BP could be considered as an easily accessi-
ble indicator for health status in senior citizens.

We found the level of daily physical functioning to be
significantly lower in participants experiencing BP than in
participants without BP. This finding is in concurrence
with recent studies. Fanuele et al. found that the impact of
spinal problems on physical functional status was similar
to the impact of conditions like congestive heart failure or
to functional status prior to primary total hip arthroplasty or
prior to primary total knee arthroplasty in a population-based
sample of more than 17,000 people aged 17–98 years
[10]. In the older population, both Leveille et al. and
Lavsky-Shulan et al., in population-based studies, found
that the presence of BP significantly influenced physical
functional abilities of older people [24, 27]. The question,
of course, remains whether these limitations in physical
functioning are caused by BP as an isolated symptom, or
whether they are due to a combined effect of several
health problems, one of which is BP.
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The prevalence of a condition may vary depending on
how the condition is defined. In their extensive review,
Bressler et al. pointed out that definitions of BP varied
greatly between studies [3], and Edmond and Felson
found that the prevalence of BP in old age varied between
ambulatory and non-ambulatory patients [9]. Our study is
population based, and all interviews were conducted in
the homes of the participants, excluding only answers
given by proxy, i.e. in cases where the participant was un-
able to answer on his/her own, and we used a broad defi-
nition of BP. Further, the question regarding BP was
nested in an extensive general interview, thereby probably
avoiding focusing attention (causing overestimation) on
any one specific health problem. We therefore consider
our estimate of the 1-month prevalence to be robust and
reliable for men and women aged 70 and older.

Future studies need to address more specific issues re-
lated to BP that could not be addressed using the present
data. Among these are the exact location of such pain –
i.e. mid-back, low-back or pelvis, all over – and the con-
sequences of BP – i.e. the need for assistance to perform
daily activities, seeking of health care and the effect of

such care, etc. Probably the greatest challenge will be to
disentangle the complicated relationship between BP and
other health problems in order to rationally address the is-
sues of prevention and treatment of this common symp-
tom in the most rapidly growing segment of the popula-
tion.

Conclusion

BP is a common symptom in old age, affecting around
20% of men and around 30% of women on a monthly ba-
sis. The vast majority of people (70%), however, experi-
enced only one episode or none at all, prior to any of the
four interviews. Prevalence estimates remained constant
with increasing age in both a cross-sectional and a prospec-
tive analysis. BP is associated with a long list of co-oc-
curring health problems and poor self-rated health. BP
sufferers had significantly lower scores on a validated
physical functioning test, but cognitive scores were unaf-
fected.
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