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ABSTRACT

Objective: To study potential associations between
body height and subsequent occurrence of chronic low
back pain (LBP).

Design: Prospective cohort study.

Setting: The North-Trgndelag Health Study (HUNT).
Data were obtained from a whole Norwegian county in
the HUNT2 (1995-1997) and HUNT3 (2006-2008)
surveys.

Participants: Altogether, 3883 women and 2662 men
with LBP, and 10 059 women and 8725 men without
LBP, aged 30-69 years, were included at baseline and
reported after 11 years whether they suffered from LBP.
Main outcome measure: Chronic LBP, defined as
pain persisting for 3 months during the previous year.
Results: Associations between body height and risk and
recurrence of LBP were evaluated by generalised linear
modelling. Potential confounders, such as BMI, age,
education, employment, physical activity, smoking, blood
pressure and lipid levels were adjusted for. In women
with no LBP at baseline and body height >170 cm, a
higher risk of LBP was demonstrated after adjustment for
other risk factors (relative risk 1.19, 95% CI 1.03 to 1.37;
compared with height <160 cm). No relationship was
established among men or among women with LBP at
baseline.

Conclusions: In women without LBP, a body height
>170 cm may predispose to chronic LBP 11 years later.
This may reflect mechanical issues or indicate a
hormonal influence.

INTRODUCTION

Chronic low back pain (LBP) is a common dis-
order that has been associated with several pre-
disposing factors. It has been difficult to
identify the cause of non-specific LBP, and the
onset of pain is most likely due to a complex
interaction between environmental and
genetic factors. It has been shown that a large
body mass index (BMI) predisposes to LBPR' 2
but the association between body height and
LBP has not been studied extensively. Body
height is most likely influenced by genetic dis-
position, but circumstances during fetal devel-
opment or in childhood, malnutrition,

Strengths and limitations of this study

= The study provides new information about risk
factors for non-specific low back pain (LBP), a
condition that has few obvious causes.

= The association between body height and chronic
LBP was studied in an 11-year population-based
follow-up study of a large cohort in Norway.

= Information available on potential confounders
made it possible to carry out accurate adjustment.

= A limitation of the study is the lack of informa-
tion about back pain occurring at other times in
the 11-year follow-up interval.

previous diseases and psychosocial factors are
also important.” In women, a large body
height is associated with increased risk of
several diseases, such as cancer of the
ovaries' ° and breast.” By contrast, coronary
artery disease is associated with short height.’

Earlier studies have shown conflicting evi-
dence on the potential association between
body height and LBP, and whether there are
gender differences, but it is not clear whether
all studies adjusted properly for BMI or body
weight. Thus, body height has been found to
be positively associated with the prevalence of
LBP in both genders in young people.”
However, in a population study of adults over
a 40-year age span, the risk of LBP was
increased among tall men, but was not asso-
ciated with body height among women.®

Although adult body height is hardly a
factor that can be influenced, it is important
to look at this variable for understanding the
interplay between risk factors in explaining
the causes of LBP. In this study, we consider
the effect of body height on the develop-
ment of LBP among adults, in an 1l-year
follow-up study based on data from two large
health surveys in Norway.

METHODS

Participants

The health survey, the North-Trgndelag
Health Study (HUNT)2 was carried out in
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Nord-Trgndelag County from 1995 to 1997, with a par-
ticipation rate of 69%.” The HUNT3 health survey was
carried out from 2006 to 2008 in the same county with a
similar target population.'’ Participants underwent a
clinical examination, had blood samples taken and filled
in a questionnaire indicating whether they experienced
LBP lasting for at least 3 months continuously during
the past year, which was regarded as chronic LBP. The
present follow-up study was based on baseline informa-
tion from HUNT2 about chronic LBP and potential risk
factors, linked to information about chronic LBP col-
lected in the subsequent HUNT3 survey.

The study was aimed at a cohort consisting of 44 647
individuals who were 30-69 years old when they partici-
pated in the HUNTZ2 survey, with information available
on anthropometric measures and presence or absence of
chronic LBP (figure 1). During the period of follow-up
from HUNT2 to HUNTS3, 2631 persons in this cohort
died and 1675 persons left the county. The flow chart
(figure 1) shows the corresponding numbers according
to LBP status at baseline. Furthermore, 15 012 members
of the cohort residing in Nord-Trgndelag during HUNT3
did not participate at the end of follow-up, or did not

supply information about LBP. Thus, a total of 25 329
persons, 13 942 women and 11 387 men, were available
for analysis (figure 1), representing 62.8% of the remain-
ing individuals resident in the county.

Exposure and covariate assessment

Height and weight were measured with the participants
wearing light clothes and without shoes; height to the
nearest 1.0 cm, and weight to the nearest 0.5 kg. Body
height was categorised into four groups: <160, 160-164,
165-169, >170 cm for women and <175, 175-179, 180—
184, >185 cm for men. BMI, defined as weight/height2
and computed in kg/ mg, was subdivided into three
groups: <25, 25-29.9, >30.

Information on physical activity in leisure time, includ-
ing going to and returning from work, was self-reported.
One item in the questionnaire referred to light activity
only, defined as activity that did not lead to sweating or
breathlessness and another item involved hard physical
activity, leading to participants sweating or being out of
breath. In the present study, three levels of physical activ-
ity were considered, the low level representing light
physical activity only or hard physical activity less than

n = 58928
Population in the county
aged 30-69 years in
HUNT2

n = 14281
Incomplete information
» on LBP or

anthropometric
measures in HUNT2

n = 44647
Complete information on
LBP and anthropometric

measures in HUNT2

A
n =33101
Participants
without LBP at
baseline in the
prospective study

n = 1902 died
n = 1193 left the county
n = 11222 did not
participate at end of
follow-up

A

A

n = 11546
Participants with
LBP at baseline in
the prospective
study
n = 729 died
n = 482 left the county
> n = 3790 did not
participate at end of
follow-up
A
n = 6545

Participants with LBP left
for analysis after
follow-up

Flow chart showing the cohort considered, and loss during follow-up. HUNT, North-Trgndelag Health Study; LBP, low

n = 18784
Participants without LBP
left for analysis after
follow-up
Figure 1
back pain.
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1 h/week, the medium level representing hard physical
activity 1-2 h/week, and the high level representing
hard physical activity at least 3 h/week.

Respondents currently working also provided informa-
tion about physical activity at work in four categories.
The first category represented sedentary work (eg,
assembly or desk work), the second group involved
walking but no heavy lifting (eg, light manufacturing,
sales people or teachers), the third category involved
both walking and lifting (eg, postmen, nurses or con-
struction workers) and the fourth group represented
particularly strenuous physical work (people practising
heavy agricultural or forestry work and heavy construc-
tion work). Other separate categories included people
temporarily out of work (eg, students and those in mili-
tary service), and people receiving social security
support (eg, disabled and old-age pensioners), with no
further subdivision according to physical activity. A sep-
arate category was also defined for full-time housewives.

Education was categorised according to the number of
years, <9, 10-12 or >13years. Categories of cigarette
smoking corresponded to never, former and current
smokers. Systolic blood pressure was categorised as <120,
120-139, 140-159 and >160 mm Hg and diastolic blood
pressure as <80, 80-89, 90-99 and >100 mm Hg. Levels
of HDL cholesterol and triglycerides in non-fasting
blood were measured by enzymatic colorimetric proce-
dures and were categorised by quintiles.'' Age at base-
line was categorised in 10-year intervals.

Statistical methods

Generalised linear modelling for binomially distributed
data with a log link and adjustment for potential risk
factors was used to evaluate associations between height,
and risk and recurrence of LBP. Since LBP is a common
disorder, this procedure was chosen in preference to
logistic regression, which might produce estimates of
ORs that are not good approximations to relative risks

Table 1 Crude risk and recurrence of LBP by height at baseline

(RR). Analyses were performed separately with height as
a categorical and continuous variable. All other covari-
ates were regarded as categorical in the risk analysis. A
test for deviation from linearity in continuous height was
performed by including an additional quadratic term in
the regression. Statistical analyses were carried out using
IBM SPSS V.19.

RESULTS

Among participants included in the analysis who did not
report chronic LBP at baseline, a total of 10 059 women
and 8725 men, altogether 2006 women and 1224 men
experienced chronic LBP at the end of follow-up. Among
participants in the analysis who reported chronic LBP at
baseline, a total of 3883 women and 2662 men,
altogether 2319 women and 1269 men experienced
chronic LBP at the end of follow-up (table 1). Online
supplementary tables S1 and S2 describe the distributions
of covariates among women without LBP at baseline and
online supplementary tables S3 and S4 describe the cor-
responding distributions among men.

The risk of LBP increased with increasing body height
among women not suffering from LBP at baseline
(table 1). No definite tendency was found among men
without LBP at baseline, but the highest risk was seen
among men >185cm. No clear tendencies could be
found among women or men who experienced LBP at
baseline.

Among women without LBP at baseline, a weak posi-
tive association between body height and LBP was sug-
gested with adjustment for age only, with very similar
results after additional adjustment for BMI (table 2).
With complete adjustment, the association became
stronger and statistically significant (RR per 10 cm 1.09
(95% CI 1.01 to 1.17)). Risk estimates increased grad-
ually along with increasing categories of height
(table 2). There was no significant deviation from

Risk among persons without
LBP at baseline

Recurrence among persons
with LBP at baseline

With LBP at end

With LBP at end

Total of follow-up (%) Total of follow-up (%)
Women
Height (cm)
<160 1748 335 (19.2) 692 414 (59.8)
160-164 3035 600 (19.8) 1201 720 (60.0)
165-169 3220 652 (20.2) 1179 683 (57.9)
>170 2056 419 (20.4) 811 502 (61.9)
Men
Height (cm)
<175 2453 343 (14.0) 811 389 (48.0)
175-179 2627 354 (13.5) 74 383 (49.5)
180-184 2224 302 (13.6) 691 326 (47.2)
>185 1421 225 (15.8) 386 171 (44.3)

LBP, low back pain.
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Table 2 Associations between height and risk of LBP, among individuals without LBP at baseline

Risk ratio (95% CI)

With adjustment for age and BMI

Risk ratio (95% CI)

With complete adjustment*

1.00 (Reference)

1.03 (0.92 to 1.17)
1.07 (0.94 to 1.20)
1.08 (0.95 to 1.24)

Risk ratio (95% CI)
With adjustment for age
Women
Total included 10 059 10 059
Height (cm)
<160 1.00 (Reference)
160-164 1.04 (0.92 to 1.17)
165-169 1.06 (0.94 to 1.20)
>170 1.07 (0.94 to 1.22)
Per 10 cmz 1.03 (0.96 to 1.10)

p For trendt
Men

0.45

1.04 (0.97 to 1.11)
0.32

1.00 (Reference)

0.96 (0.84 to 1.10)
0.96 (0.83 to 1.11)
1.13 (0.96 to 1.32)

Total included 8725 8725
Height (cm)

<175 1.00 (Reference)

175-179 0.95 (0.83 to 1.09)

180-184 0.95 (0.82 to 1.10)

>185 1.10 (0.94 to 1.29)

Per 10 cmt 1.01 (0.93 to 1.10)

p For trendt

0.82

1.02 (0.94 to 1.11)
0.61

91031

1.00 (Reference)
1.09 (0.95 to 1.24)
1.12 (0.99 to 1.28)
1.19 (1.08 to 1.37)
1.09 (1.01 to 1.17)
0.03

81011

1.00 (Reference)
0.96 (0.83 to 1.11)
1.00 (0.86 to 1.17)
1.18 (1.00 to 1.39)
1.04 (0.96 to 1.14)
0.33

*Adjustment for age, BMI, education, work status, physical activity, smoking, blood pressure and lipid levels.

TIndividuals with missing covariate values excluded.
FHeight considered as a continuous variable.
BMI, body mass index; LBP, low back pain.

linearity (p=0.48). Among men, no significant associa-
tions with body height were seen, even after complete
adjustment. Nevertheless, in the group of the tallest
men, the risk estimate was increased, especially with
complete adjustment.

Table 3 shows results from the continuous analyses
within categories of age and BMI at baseline. No signifi-
cant differences were observed between effects in age
groups or categories defined by BMI. The risk ratios for
women suggested positive associations within each age
category and within each category of BMI. For men,

modest positive associations were suggested in the lowest
groups of age. In men with BMI >30, a more pronounced
positive association was found. The overall analyses were
also carried out with more detailed adjustment for BMI
in five categories, and the results were essentially
unchanged.

Among those suffering from LBP at baseline, no
linear relations were found between height and recur-
rence of LBP after 11 years, either among women (RR
per 10 cm 1.04 (95% CI 0.99 to 1.09)) or men (RR per
10 cm 0.95 (95% CI 0.89 to 1.02)).

Table 3 Associations between height and risk of LBP among individuals without LBP at baseline, by age and BMI

Women

Men

Total included

Risk ratio (95% CI)
per 10 cm*

Risk ratio (95% CI)

Total included per 10 cm*

Age at baseline (years)

30-39 2558
40-49 3072
50-59 2239
60-69 1234
p For interaction between height and aget
BMI (kg/m?)
<25 4431
25-29.9 3421
>30 1251

p For interaction between height and BMI+

112 (0.97t0 1.28) 1987
1.03 (0.91t0 1.17) 2749
110 (0.94t0 1.29) 2201 0.91 (0.76 to 1.09)
117 (0.95t0 1.45) 1164 0.98 (0.76 to 1.27)
0.72 0.40

1.11 (0.94 to 1.31)
1.11 (0.96 to 1.28)

1.09 (0.98t0 1.22) 2660
1.07 (0.95t0 1.21) 4422 1.04 (0.92 to 1.17)
1.13(0.93t01.37) 1019 1.17 (0.95 to 1.44)
0.86 0.46

1.00 (0.85 to 1.17)

*Adjustment for education, work status, physical activity, smoking, blood pressure and lipid levels, and, if relevant, age and BMI.
tHeight considered as a continuous variable; and age and BMI as categorical variables.

BMI, body mass index; LBP, low back pain.
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DISCUSSION

In this large population-based 11-year follow-up study, an
association between body height and LBP was found in
women without LBP at baseline, within the ordinary
limits of wuncertainty set by statistical procedures.
Adjustment for BMI had hardly any influence on the
association that was observed in women with high as well
as low BMI at start of follow-up. It is therefore unlikely
that the association with body height could be caused by
an effect of increased body weight among tall women.
Overall adjustment for other risk factors was still essen-
tial for detecting the relationship with body height. The
magnitude of the association was modest. For example,
for a woman 180 cm tall compared to the population
average of 165 cm (see online supplementary table S1),
the model based on height as a continuous variable pre-
dicts a 14% increase in risk. However, only 0.6% of the
female population had a height of 180 cm or more, so
for the great majority of women the increase is of minor
concern.

On the basis of our data, it is not possible to infer that
body height in men influences the risk of subsequent
LBP. The width of the CIs determined makes it unlikely,
however, that any real association is very strong. Our
results are still consistent with an increased risk of LBP
among men who are 185 cm or taller.

A strength of this study is the follow-up over a long
period of time with a large number of participants
recruited from an entire county. Measurements of height
and weight were probably quite accurate. Although
response rates were relatively high in the HUNT2 survey,
the response was lower in the subsequent HUNT3 survey,
and part of our cohort was lost during follow-up.
We could not demonstrate that participation was substan-
tially different in any particular group of body height,
but participants without LBP at baseline subsequently
lost to follow-up had somewhat higher systolic blood
pressure, experienced less physical activity, were more
often smokers and had less education (see online
supplementary tables S1-S4). The same tendencies were
found among participants with baseline LBP (results not
shown).

One limitation of this study is the reliance on the
information on pain collected in the questionnaires at
baseline and at the end of follow-up. No further infor-
mation was available about the medical history of back
pain in each respondent, or about pain occurring in the
intervening 11-year period. No detailed check of back
status was made at the clinical examinations, and the
pain intensity was not recorded. Some participants may
have suffered from disc degeneration or herniation, or
from osteoporosis or fractures and some may have
experienced LBP as part of other conditions such as
malignant disorders or inflammatory joint disease.'”
Although no age interaction was demonstrated in this
study, the participants displayed substantial age differ-
ences, which makes it likely that the LBP recorded has
many different sources.'? Thus, it is difficult to say

whether the association observed with height among
women represents a stronger, more specific relationship
with a particular subgroup of the LBP cases, or if it
simply reflects a general weak relationship.

It is not clear whether all previous studies of associa-
tions between body height and LBP were carried out
with sufficient adjustment. An extensive cross-sectional
study of Israeli military recruits found body height to be
positively associated with the prevalence of LBP in both
sexes,” with ORs of 1.8 and 2.1 comparing extreme quin-
tiles in women and men. However, adjustment was not
possible for many potential risk factors. In a relatively
large cross-sectional study from the Netherlands,'* an
inverse association largely disappeared after adjustment
for age, smoking and education. In a cross-sectional
Japanese study of those who worked sitting down, those
who were at least 170 cm tall carried a RR of about 1.4
compared to those who were 160-169 cm.'” In a British
retrospective study of lifetime risk of LBP, men with a
height of 184 cm or more had double the risk of those
who were 170 cm or shorter.” No association was seen
among women. A DBritish l-year follow-up study of
general practice populations found no clear evidence of
an association in either gender.'® Height more than
180 cm was a risk factor for sciatica, but not for LBP
without sciatica, in a 2-year follow-up of French men.'”
In a large Finnish population-based follow-up study, a
body height of at least 180 cm for men and 170 cm for
women was a predictor of being diagnosed with her-
niated lumbar intervertebral discs.'® Another Finnish
study also showed greater body height among patients
undergoing surgery for disc herniation." In a large
French prospective study, being tall (>178 cm) was a pre-
dictor for back surgery among men.’

The overall impression of the existing evidence is that
most data sets either support a positive association
between body height and risk of LBP, or that essentially
no association could be established. In some cases, the
associations reported seem remarkably strong in com-
parison with our estimates. Some discrepancies may be
caused by different adjustment for other risk factors. In
view of the relatively strong association between BMI and
risk of LBP," # adjustment for body size may be particu-
larly important. Some apparent inconsistencies may also
be due to different study designs, although LBP, the dis-
order under study, would hardly be expected to affect
body height, so cross-sectional studies should be fairly
reliable. It is also possible that publication bias may have
affected studies finding weak or no associations with
height, so that studies reporting strong relationships are
over-represented in the literature.

By contrast with results concerning the association
between BMI and LBP, our findings have no essential
implications for clinical work or for public health. As the
aetiology of this common disorder is largely unknown, it is
still essential to investigate potential relationships with
readily measurable risk factors such as height. Both the
positive association with BMI and the weak association seen
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with height among women in this study indicate that a
large body size, overall, may increase the total risk of LBP.

There is no obvious causal explanation for the associ-
ation observed in women between LBP and body height,
although tall people may be exposed to other mechanical
issues, both anatomical and stress-related. There are indi-
cations that growth in adolescence may be related to LBP
at a young age.”' A correlation between body height and
facet joint asymmetry in patients with disc herniation has
been reported.”” Social factors are significant for both
height23 and LBP. For other diseases with established
associations with body height, as for certain cancers, the
explanatory mechanisms have not been clarified.
Hormonal factors may be significant, perhaps in relation
to gender differences. The inverse association between
height and coronary artery disease has partly been
explained by an adverse lipid profile in short people,6
but this explanation seems less relevant for a positive asso-
ciation such as that observed with LBP, and, in any case,
relationships between lipid levels and risk of LBP are not
very strong.'" Future studies of LBP in adulthood should
also take into account data on the development of body
height in childhood and adolescence.

CONCLUSIONS

In this large population-based study, we found that
women with body height of at least 170 cm, who did not
experience LBP at baseline, had 19% increased risk of
LBP compared to women with body height less than
160 cm. This may reflect mechanical issues or indicate a
hormonal influence.
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