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BACKGROUND: Back pain is the most common cause of
disability worldwide. While disability generally is associ-
ated with greater mortality, the association between back
pain and mortality is unclear. Our objective was to exam-
ine whether back pain is associated with increased mor-
tality risk and whether this association varies by age, sex,
and back pain severity.

METHODS: A systematic search of published literature
was conducted using PubMed, Web of Science, and
Embase databases from inception through March 2019.
We included English-language prospective cohort studies
evaluating the association of back pain with all-cause
mortality with follow-up periods >5 years. Three reviewers
independently screened studies, abstracted data, and ap-
praised risk of bias using the Quality in Prognosis Studies
(QUIPS) tool. A random-effects meta-analysis estimated
combined odds ratios (OR) and 95% confidence intervals
(CI), using the most adjusted model from each study.
Potential effect modification by a priori hypothesized fac-
tors (age, sex, and back pain severity) was evaluated with
meta-regression and stratified estimates.

RESULTS: We identified eleven studies with 81,337 par-
ticipants. Follow-up periods ranged from 5 to 23 years.
The presence of any back pain, compared to none, was not
associated with an increase in mortality (OR, 1.06; 95%
CI, 0.97 to 1.16). However, back pain was associated with
mortality in studies of women (OR, 1.22; 95% CI, 1.02 to
1.46) and among adults with more severe back pain (OR,
1.26; 95% CI, 1.14 to 1.40).

CONCLUSION: Back pain was associated with a modest
increase in all-cause mortality among women and those
with more severe back pain.
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INTRODUCTION

Back pain affects at least 80% of individuals during their
lifetime'" 2. The onset of back pain most commonly occurs
in adolescence or early adulthood and can persist or re-occur
across the life course™ *. Globally, back pain is responsible for
more years lived with disability than any other condition® °.
Back-related disability is not distributed equally across the
lifespan or across sex: Older adults are more likely to become
disabled from back pain than young adults® 7 and older
women are more likely than older men to report “restricting
back pain™®. Disability, especially late in life, is an important
risk factor for mortality”™ '°. Back pain also may be associated
with an elevated risk of mortality, but results of individual
studies have varied overall and by age and sex groups.

In studies of older adults that did not present sex-specific
results, back pain has been associated with a modest in-
creased risk of mortality'" '? or no increased risk'* . In
contrast, studies in younger and middle-aged men and
women have not found an increased sex-specific mortality
risk'>"'7. Other studies have found that back pain is asso-
ciated with increased mortality in older women'®2°, but
not in older men'®. Furthermore, three studies suggest
severe back pain phenotypes, but not less severe, are asso-
ciated with an elevated risk of mortality'®>°. No prior
review has quantitatively synthesized the results of multi-
ple studies to clarify the direction and magnitude of the
association between back pain and mortality, either overall
or in these different subgroups.

Therefore, we performed a systematic review and meta-
analysis focused on two questions: First, among adults, is back
pain independently associated with increased risk of all-cause
mortality? Second, do age, sex, and back pain severity modify
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the association between back pain and mortality? We hypoth-
esized that compared to adults without back pain, those with
back pain would have a moderately increased risk of all-cause
mortality. Additionally, we hypothesized the relative increase
in risk of mortality associated with back pain would be highest
among older adults, women, and those with more severe back
pain.

METHODS

We followed the PRISMA systematic review and meta-
analysis guidelines®'. Our study followed an a priori
established protocol published in PROSPERO on January 3,
2018 (registration number CRD42018072151).

Search Strategy

We searched for English-language studies relevant to the
research question using MeSH terms for back pain (low
back pain, sciatica), related conditions (kyphosis, lordosis,
scoliosis, spinal fracture, spinal stenosis), and death (mor-
tality, death, survival rate) in PubMed (1966—), EMBASE
(1980-), and ISI Web of Science (1965—) through
March 2019 (eAppendix 1). We also reviewed the refer-
ence lists of potentially eligible studies to identify other
relevant studies.

Study Selection

Prospective cohort studies were selected if they enrolled adults
(age >18) with and without non-specific back pain defined by
self-report or clinical examination, included follow-up periods
of >5 years, and reported all-cause mortality outcomes. Three
independent reviewers (E.J.R., LR., and P.S.) screened titles,
abstracts, and keywords for eligibility. The full text of all
potentially eligible studies was obtained and reviewed by all
three reviewers. Disagreements about eligibility were resolved
by discussion and consensus among reviewers and a senior
investigator (R.S.).

Quality Assessment

Individual study risk of bias was independently assessed by
two reviewers (E.J.R. and I.R.) using the validated Quality
in Prognosis Studies (QUIPS) tool**" %°. To mitigate
against possible conflict of interest, one study’® was
assessed by P.S. and L.R. instead. Each study was evaluated
according to predefined criteria consisting of six domains:
study participation, study attrition, prognostic factor mea-
surement, outcome measurement, study confounding, and
analysis. The risk of bias in each domain was rated as low,
moderate, or high based on information presented in the
article and overall judgment by two reviewers. Discrepan-
cies in assessments were resolved by a joint re-evaluation
with a senior epidemiologist (L.F.).

Data Extraction and Analysis

For each eligible article, data were extracted independently by
three reviewers (E.J.R., LR., and P.S.) using a standardized
extraction form. These data included details on study charac-
teristics (author, year, design, sample size), population (age,
sex, race/ethnicity), back pain status (method of assessment
[self-report, physical exam] and severity [frequency or dura-
tion of symptoms, interference with physical function]), and
potentially confounding variables included in multivariable
models. We extracted estimates of all-cause and cause-
specific mortality outcomes for the least and most adjusted
models, using the most adjusted estimate from each study as
the primary outcome of interest. If not available in tables or
text, authors were contacted to obtain missing information or
counts of deaths were estimated from figures.

Meta-analysis of All-cause Mortality

The association of back pain with mortality was recorded as
either a hazard ratio (HR), odds ratio (OR), relative risk (RR),
or standardized mortality ratio (SMR). All study-level esti-
mates of mortality risk were analyzed as if they were ORs
when calculating combined estimates>*2°. Estimates of mor-
tality risk from the most severe back pain category were used.
When only two categories of back pain were presented (any
back pain, yes or no), having any back pain was considered the
most severe category. We calculated and plotted ORs and their
95% confidence intervals (CI). If CIs were not available, they
were calculated from p values.

Our primary analysis was a random-effects model, using the
approach by DerSimonian and Laird to calculate the summary
OR and 95% CI.%’ A secondary analysis was also done using a
fixed-effect model.>” We quantified the heterogeneity of ORs
of individual studies using the I? statistic.”® We considered /*
values less than 0.25 as low, 0.25—-0.75 as moderate, and over
0.75 as high®®. The possibility of publication bias was assessed
through visual inspection of a funnel plot. Our funnel plot
graphed the effect size (log odds ratio) of each study on the
horizontal axis and the standard error, which reflects the
sample size, on the vertical axis.

Meta-regression and Stratified Analyses

Potential effect modification by a priori hypothesized factors
(age, sex, and back pain severity) was evaluated with meta-
regression and stratified estimates. First, we performed a meta-
regression by mean study age. Stratified estimates for older
and younger adults were also generated by combining studies
where the mean study age was 65 and older or under 65,
respectively. Second, we performed a meta-regression evalu-
ating the risk of mortality by the proportion of female study
participants. Sex-stratified estimates of mortality were also
generated for studies of men only, women only, or those
including both men and women. Third, we performed strati-
fied analyses by back pain severity subgroups characterized as
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“severe,” “moderate,” or “mild/unspecified.” Studies that used
an exposure with three or more levels and a clear severe
category were classified as “severe.” From the remaining
studies, we characterized studies with three levels but no clear
severe category as “moderate” and those with only two levels
as “mild/unspecified.” In a sensitivity analysis of the “severe”
group, we combined studies initially characterized as “severe”
or “moderate.”

All statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC).

RESULTS
Search Results

Of 7065 unique publications identified through our initial
search, we excluded all but 136 based on title and abstract
review (Fig. 1). A list of all excluded full-text articles and
reason for exclusion is shown in eAppendix 6. Most of the
excluded studies evaluated the association of back-related
conditions (e.g., spinal fractures) with mortality, but did not
include information on the association of back pain symptoms
with mortality. Eleven studies published between 1988 and
2019, with 81,337 participants, met our inclusion criteria
(Table 1). Roughly half of the included studies recruited
participants from Scandinavian countries (n=5), followed by
the UK (n=3), and Australia, Israel, and the USA (n=1 each).
In the single study that reported the race of participants, all
were white?”. The prevalence of any back pain (i.e., without
regard to severity or frequency) ranged from 23.6 to 76%. The
longest follow-up periods lasted 20 to 23 years'> '>* ' and
half of studies followed participants for periods of 10 to 14
years' ! 14 16-17. 2029 " A] studies ascertained all-cause mor-
tality from death registries or death certificates, with five
studies (seven samples) also reporting cause-specific
mortality.

Two studies presented sex-stratified results and one
included separate estimates for younger and older men (age
30-49 and 5066, respectively)'®. This resulted in 14 samples
derived from 11 studies: six samples of men only, four of
women only, and four of both men and women (proportion
female ranged from 50 to 65%). The mean age ranged from 40
to 83 years and was 65 or higher in seven studies. Five studies
(six samples) included only two levels of back pain and were
characterized as “mild/unspecified” back pain''> 1% 4 1629,
Three studies (four samples) had multiple levels of pain but the
most severe level did not clearly represent severe pain, i.e.,
back abnormality on physical exam, history of five or more
previous episodes of back pain with no requirement of current
pain, or current severe back or hip pain without information on
duration'* "> . We characterized these phenotypes as “mod-
erate” back pain. We identified three studies (four samples)
that had multi-level exposures and a clear “severe” category,
i.e., disabling back pain, daily back pain, and frequent back
pain persisting over a 2-year period'®2°.

17, 19

Methodological Quality

The most frequent potential biases identified were in the
domains of prognostic factor measurement and study con-
founding (Table 2). None of the studies used validated instru-
ments to measure back-related pain or function, e.g., Brief
Pain Inventory and Roland Morris Disability Questionnaire.
Most studies did not provide a rationale for the covariables
included in statistical models as confounders; none used caus-
al graphs (e.g., directed acyclic graphs) to illustrate assump-
tions of potential causal relationships. Two studies reported
only unadjusted models'> '®. Among the seven studies
reporting adjusted models, common covariates were age' "
14, 18-20 smokinglg’ 20, 29 socioeconomic status'® 1% 20,
sex! 14 30 cardiovascular disease'® 2% 2°, and body mass
index'® 2°. Other sources of bias included inadequate study
participation'® '* where assessors deemed that study partici-
pants may not have represented the source population, and no
reporting of sex-specific analyses'" '?. All studies but one
were rated low risk of bias due to study attrition, primarily due
to the use of death registries or certificates to ascertain
mortality.

Descriptive Assessment of Individual Studies

Of eleven studies (fourteen samples), about half (5 studies, 6
samples) observed a modest increase in mortality (Table 1).

Of four studies that did not stratify estimates by sex, only
one observed an increase in mortality risk''. All four studies
that included older women found a modest increase in mor-
tality' " '*2°. One of these reported an increase in mortality
among older women (HR=1.5; 95%CI, 1.2—-1.9) but not older
men (HR=1.0; 95%CI, 0.5-1.9)"°. In three of these studies,
back pain exposure was categorized into three or four groups,
e.g., none/infrequent, frequent back pain, and daily back pain.
One study, which evaluated multiple back pain phenotypes,
found that “any” back pain was not associated with mortality
but other phenotypes were, e.g., frequent back pain, back pain
that limits daily activities, and difficulty lifting a 10-pound
object due to back pain®’. Of six studies (seven samples)
including only men, all found no association between back
pain and mortality'>"'”. One study found that back pain in
older Israeli men was associated with lower mortality risk
(HR=0.41; 95%CI, 0.25-0.68).° Most of these studies cate-
gorized back pain as present or absent.

Cause-specific mortality findings are summarized in
eAppendix 2. The results for cardiovascular mortality were
mixed; in two studies, back pain was associated with an
increased risk of cardiovascular mortality in younger men'®
and older women?°. However, four other studies that included
middle-aged men'® 17 women'’, or both men and women'?
14 found no elevated risk of cardiovascular mortality. The two
studies that assessed pulmonary deaths observed an increased
risk of pulmonary-related death'* 2°. Among the two studies
assessing cancer deaths, an increased risk of cancer deaths was
observed in older women®® but not in middle-aged adults'*.
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136 Full-text review
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125 Articles excluded
107 No back pain exposure
49 Spinal fracture
27 Spinal surgery
10 Spine deformity
6 Osteoporosis
5 Other chronic pain
10 Other
5 Ineligible or no mortality data
8 Literature reviews
4 Conference abstracts
1 Case study

11 Studies included in systematic review
1 Presents stratified estimates for older and younger men
2 Present stratified estimates for men and women

14 Samples included in meta-analysis (81 337 participants)

Figure 1 PRISMA flow diagram.

Meta-analysis

The presence of any back pain, compared to none was not
associated with an increase in mortality in our random-effects
analysis (OR=1.06; 95%CI, 0.97-1.16; df=13; [2=78%) (Ta-
ble 2, Fig. 2). The fixed-effect analysis resulted in a somewhat
larger risk of mortality (OR=1.10; 95%CI, 1.07-1.14). A high
P value and shift in the effect estimate from fixed to random
effects model suggest the presence of significant heterogeneity
in our overall combined estimate. A hole on the left side of our
funnel plot and an outlier”® on the same side are shown in
eAppendix 3.

In meta-regression by mean study age, each 1-year increase
in mean study age did not result in an increase in the risk of
mortality associated with back pain (log odds per year=0.004;
df=13; p=0.30; eAppendix 4). However, the risk of mortality
associated with back pain appeared higher among studies with

amean age of 65 or older (OR=1.11; 95%CI, 0.99—1.24; df=7;
P=78%) than studies where the mean age was under 65
(OR=0.98; 95%CI, 0.89—1.10; df=5; P=45%) (Table 3). The
risk of mortality associated with back pain was increased in
samples with a greater proportion of female participants (meta-
regression, increase in log odds per 1% increase in proportion
female=0.0028; df=13; p=0.0006; eAppendix 5). Sex-
stratified analyses showed that back pain was associated with
elevated mortality risk in studies of women (OR=1.22;
95%Cl, 1.02—1.46; df=3; F=57%) but not of men (OR=0.90;
95%CI, 0.73—1.12; df=5; P=68%). Lastly, compared to per-
sons with no back pain, “severe” back pain was associated
with increased mortality risk (OR=1.26; 95%CI, 1.14-1.40;
df=3; 12=19%), but back pain characterized as “moderate” or
“mild/unspecified” severity was not (OR=0.99; 95%CI, 0.89—
1.10; df=3; P=36%; and OR=1.00; 95%CI, 0.87—1.15; df=5;
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Figure 2 Forest plot of studies evaluating back pain and all-cause mortality. Footnote: M, male; F, female; M1, men ages 30—49; M2, men ages
50-66; *Frequent/disabling back pain phenotype; CI, confidence interval.

PP=85%; respectively). A sensitivity analysis that included
studies initially characterized as “moderate” found this atten-
uated the relationship between “severe” back pain and mortal-
ity (OR=1.12; 95%CI, 0.97-1.28; df=7; ’=71%).

DISCUSSION

In this meta-analysis of 11 studies with 81,337 middle-aged
and older adults, back pain was not associated with an increase
in all-cause mortality compared to adults without back pain.
Age did not appear to modify the association between back
pain and mortality. We found no association in men with any
back pain or among adults with non-severe back pain. How-
ever, back pain was associated with mortality in studies of
women and among adults with more severe back pain.

No prior systematic review, to our knowledge, has reported
on the association of back pain with mortality. Overall, we
observed high levels of heterogeneity and a non-significant
association of back pain with mortality. A previous systematic
review found that non-specific chronic pain was associated
with a small but not statistically significant risk of mortality®".
They also found high levels of heterogeneity in their overall
estimate and hypothesized that heterogeneity may be ex-
plained by pain phenotype or other subgroups (e.g., age,
sex)’'. A recent study on acute musculoskeletal pain (<1-
month pain duration in various sites) found no association
with all-cause mortality, suggesting that chronicity of muscu-
loskeletal pain may drive results**. Other studies have reported
an increased risk of mortality with other chronic disabling
musculoskeletal conditions, e.g., osteoarthritis®> 34,

Our findings suggest age does not modify the association of
back pain and mortality. This was unexpected as the impact of

back pain on disability increases with age® " ¥, especially

among women®. This observation may support our findings
that pain phenotype is important. For example, only older
adults with back pain that interferes with daily life may be at
risk of increased mortality*®. The mortality risk associated
with more severe back pain may be higher among older adults
than younger adults. Our meta-regression approach used mean
study age. Without patient-level data on age, meta-regression
results are necessarily limited and should only be viewed as
hypothesis-generating for future research and not as definitive.

Our finding of elevated mortality among women with back
pain, but not among men, indicates the long-term conse-
quences of back pain may differ by sex. Docking et al. spec-
ulate their observation of increased mortality risk in older
women with back pain, but not older men, may be related to
undiagnosed osteoporotic fractures'®. Indeed, both clinically
diagnosed and silent vertebral fractures are associated with an
increased risk of mortality in older women.?” However, two
studies in our review found that adjusting for prevalent verte-
bral fractures did not account for the association between back
pain and mortality' " *°.

We found that the highest risk of mortality associated with
back pain was observed in studies that included only wom-
en' 2% and those with “severe” back painls*zo. However,
three samples were included in both sub-analyses'®2°, mak-
ing it difficult to disentangle the relative impact of more severe
back pain and female sex. Furthermore, only one study of men
included a back pain category that captured “severe” back
pain. Additional prospective studies of men are necessary to
clarify this association.

The clinical implications of our study hinge on understand-
ing the mechanisms by which more severe back pain may be
associated with earlier mortality. Given that patients with back
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Table 3 Combined Estimates of the Association of Back Pain with Mortality, Overall, and Stratified by Age, Sex, and Severity of Back Pain

No. of participants No. of samples Combined estimate OR (95% CI) Heterogeneity P

All-cause mortality
Overall 81,337 14 1.06 (0.97, 1.16) 0.78
Mean study age
<65 14,351 6 0.98 (0.89, 1.10) 0.45
>65 66,986 8 1.11 (0.99, 1.24) 0.78
Sex
Male 8021 6 0.90 (0.73, 1.12) 0.68
Female 14,463 4 1.22 (1.02, 1.46) 0.57
Mixed 58,853 4 1.09 (1.00, 1.19) 0.69
Back pain severity
Mild/unspecified 60,896 6 1.00 (0.87, 1.15) 0.85
Moderate 9462 4 0.99 (0.89, 1.10) 0.36
Severe 10,979 4 1.26 (1.14, 1.40) 0.19

Sensitivity analysis® 20,441 8 1.12 (0.97, 1.28) 0.71

“Sensitivity analysis combines eight samples with multi-level back pain exposures

pain may have difficulty performing daily living activites®,
we propose disability as a credible mediator” *°. Three studies
in our review support this causal model'> '*> *°, one of which
performed causal mediation analyses suggesting half of the
observed increase in mortality risk could be attributed to
limitations in activities of daily living®®. This observation is
further supported by a recent study which found limitations in
function related to pain (i.e., symptoms preventing walking a
quarter of a mile) mediated the majority of a modest associa-
tion of “concerning” chronic pain, compared to no pain, with
mortality*’. Reduced physical activity may lead to weight gain
and development or worsening of chronic conditions, such as
cardiovascular disease, which can further increase mortality
risk'® 4! 42 Back pain has also been linked with poor balance
and falls, which can result in fragility fractures** **. Mortality
attributed to falls is on the rise in the USA*®, and managing
back-related pain and function may be important for
preventing falls among older Americans®> *°.

Additional pathways between back pain and mortality are
relatively unexplored. There is likely a bidirectional relation-
ship between back pain and psychological factors; i.e., adults
with anxiety/depression may be more likely to develop and
report more severe or persistent back pain or vice versa®> 4.
Patients who exhibit poor pain coping strategies (e.g., low pain
self-efficacy, catastrophizing) may avoid physical activity,
plausibly increasing their mortality risk via inactivity. Re-
searchers have also identified an association between back
pain and suicide®®>°. Psychological factors were addressed
in only one study in our review'?. The complex relationship
among back pain, mental health conditions, and mortality is an
important area of future study.

We found little information on the impact of back pain
treatment on the observed mortality risk in adults with back
pain. Opioids, which are commonly prescribed for back pain,
can carry the risk of dependence, addiction, overdose, and
death®™*, In addition to overdose deaths, opioid use for non-
cancer pain is associated with increased cardiovascular mortal-
ity in middle-aged and older adults™. This may be particularly
relevant for studies gathering data in the last two decades when
opioid use markedly increased for musculoskeletal pain®®.

Other pain medications commonly used to manage chronic
back pain may also impact mortality risk. For example, long-
term use of NSAIDs is associated with cardiovascular events
and mortality®"°. Not seeking care, or not engaging in appro-
priate self-care, may also lead to disability or a generally worse
health state, which may contribute to earlier mortality. Clinical
practice guidelines from the American College of Physicians
recommend non-pharmacologic approaches (e.g., acupuncture,
chiropractic care, physical therapy) as safe and effective first-
line treatment for acute and chronic low back pain®. However,
little is known about whether the use of these or other therapies
for managing back pain affects mortality.

Important limitations of this systematic review and meta-
analysis include the variability in the measurement of back
pain and the lack of a uniform approach to identifying levels of
back pain, i.e., phenotyping. For our overall estimate of mor-
tality risk, we combined studies that included a wide range of
back pain exposures. Patients with mild or non-disabling back
pain were included in this analysis, likely biasing findings
toward the null. We tried to address this limitation by
obtaining a combined estimate for studies that clearly included
a severe back pain phenotype (e.g., frequent or disabling
chronic back pain). Confounders included in multivariable
models differed across studies, and residual confounding re-
mains a plausible explanation for our findings. Variation in
back pain measurement and adjustment for confounders likely
contributed to the high level of heterogeneity observed in our
combined estimate. Heterogeneity was reduced somewhat in
stratified analyses, mainly when combining the four samples
using a severe back pain phenotype.

Additionally, no study included in this review was specif-
ically designed to examine the association of back pain with
mortality a priori. A hole observed in our funnel plot provides
further support of potential publication bias, which may bias
results away from the null. However, an outlier on the left side
of our funnel plot was observed as well, which would tend to
pull these results in the opposite direction, i.e., toward the null.
Lastly, incomplete data on some demographic groups (e.g.,
racial or ethnic minorities, low-income adults) may limit gen-
eralizability to understudied populations.
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CONCLUSION

Back pain was associated with a modest increase in the risk of
all-cause mortality among women and those with more severe
back pain. This study raises the question of whether better
management of back-related pain and disability, over time,
may extend life.
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