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Abstract

Background: Although several studies have shown that obesity affects low back pain (LBP), the relationship
between degenerative lumbar spine (LSD) and obesity has not been fully investigated. This study evaluated
whether obesity is independently associated with LSD in the general population.
Methods: This cross-sectional study used public data from the Fifth Korean National Health and Nutrition
Examination Survey (2010–2012). Subjects aged ‡50 years who had completed surveys were included (3668
men and 4966 women). Obesity was classified based on the body mass index, and LSD was assessed by lumbar
spine radiographs. Independent associations of obesity with LSD or LBP were determined using odds ratios
(OR) adjusted by two regression models.
Results: The prevalence of obesity was more frequent in women than in men (38.27% vs. 33.97%, P < 0.001).
Compared with normal weight women, the risk of LSD was increased in overweight and obese women
following adjustments [OR = 1.227, 95% confidence interval (CI): 1.019–1.477; OR = 1.217, 95% CI: 1.024–
1.446, respectively]. When obesity was subdivided, the obese II group showed higher odds for LSD in women
(OR = 1.797, 95% CI: 1.287–2.510). However, obesity was not correlated with LSD in men. There was no
significant association between obesity and LBP in either men or women.
Conclusions: Compared with normal weight women, LSD risk was higher in overweight and obese women,
especially those in the obese II subgroup. These findings suggest that maintaining normal body weight may be a
preventative factor of LSD.
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Introduction

Obesity is an important and modifiable risk factor for
several disorders of the hip, knee, ankle, and foot.1 It

can also affect the onset and progression of musculoskeletal
diseases.2 Osteoarthritis (OA) is a disease that is correlated
with obesity. The association between OA and obesity is
based on intuitive biomechanical theory. As body weight
increases so does the cartilage wear.3 In addition to bio-
mechanical effects, the systemic effects of obesity are as-
sociated with arthritis because there is an increased
incidence of OA of the hand (nonweight bearing joints) in
obese patients compared with that of nonobese populations.4

Several proinflammatory cytokines from adipose tissue have
been linked to OA. Among these cytokines, leptin plays an
important role in the pathophysiology of OA.5

Although not studied to the same extent as OA, correla-
tions between obesity and low back pain (LBP) have also
been described. A large population-based study in Norway
including 63,968 subjects reported that a high body mass
index (BMI) was associated with an increased prevalence of
LBP after adjusting for age.6 One recent meta-analysis in-
dicated that the odds ratios (ORs) for LBP among over-
weight and obese individuals compared with those of
normal weight individuals were 1.15 [95% confidence in-
terval (CI): 1.08–1.21] and 1.36 (95% CI: 1.18–1.57),
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respectively.7 However, unlike OA, the etiologic relation-
ship between obesity and LBP has not been fully studied. In
particular, the relationship between degenerative changes
(spondylosis) in the lumbar spine and obesity has not been
investigated. Therefore, this study aimed to delineate whe-
ther obesity is independently associated with lumbar spine
degeneration (LSD) in the general population. To identify
an independent relationship with obesity, our analysis was
adjusted by age group, smoking status, alcohol consump-
tion, level of education, and levels of physical activity (PA),
all variables that could affect LSD. We hypothesized that
obesity would show a higher correlation with LSD.

Materials and Methods

Data source and study population

The data in this study were obtained from the Fifth Korean
National Health and Nutrition Examination Survey
(KNHANES) conducted from 2010 to 2012 by the Korea
Centers for Disease Control and Prevention. The KNHANES
is a population-based cross-sectional survey designed to as-
sess health-related behavior, health conditions, and the nu-
tritional state of Koreans (http://knhanes.cdc.go.kr/).8 The
Fifth KNHANES was a nationwide, cross-sectional survey of
25,533 people in 11,520 households. The study used a strat-
ified, multistage, probability-sampling method to select study
subjects. Sampling weights were used to represent the entire
Korean population. From this pool of data, we included
subjects aged ‡50 years who had completed surveys on body
weight and height; radiographs of the lumbar spine; and a

questionnaire on LBP, smoking, alcohol consumption, edu-
cational status, and level of PA. Subjects considered under-
weight according to BMI <18.5 kg/m2 were excluded.
Finally, 3668 men and 4966 women were included in this
study (Fig. 1). All participants provided written informed
consent. This study was approved by the institutional review
board (IRB) of our hospital (IRB No. 2018-0185).

LSD assessment: primary outcome

LSD was assessed by radiographs of the lumbar spine.
Anterior–posterior and lateral plain radiographs of the
lumbar spine were taken using an SD 3000 Synchro Stand
(Accele Ray SYFM Co., Seoul, Korea). The radiographs
were centered at the umbilicus in the anterior–posterior
view and the iliac crest in the lateral view. Two radiolo-
gists evaluated the presence of LSD. A modified version of
the Kellgren–Lawrence grading system was used to eval-
uate LSD as follows: grade 0, normal; grade 1, definite
osteophytes; and grade 2, joint or intervertebral space
narrowing, bone sclerosis, and large osteophytes.9,10 LSD
was defined if at least one level of the lumbar spine was
scored as grade 2.

LBP assessment: secondary outcome

The presence of LBP was evaluated using the following
direct question: ‘‘Have you experienced low back pain for
more than one month during the last three months?’’ If the
subjects answered ‘‘yes,’’ LBP was considered to be present.

FIG. 1. Flow diagram of study
participants. BMI, body mass in-
dex; KNHANES, Korean National
Health and Nutrition Examination
Survey.
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Obesity classification: exposure variables

Obesity was defined and classified using the criteria for the
Asia-Pacific region as follows: normal weight (BMI 18.5–
22.9 kg/m2), overweight (BMI 23–24.9 kg/m2), and obese
(BMI ‡25 kg/m2).11 Obesity was subdivided into obese I
(BMI 25–29.9 kg/m2) and obese II (BMI ‡30 kg/m2) groups.

Confounders and effect modifiers

Age group, smoking status, alcohol consumption, edu-
cation, and PA were included in the analysis as potential
confounders. Age and PA are well-known risk factors of
LBP.12,13 Education level, which influences occupation and
lifestyle, has also been reported as an affecting factor of
LBP.12,14 Smoking and alcohol consumption are important
risk factors of general health, and several studies have also
suggested an association with LBP.14–16 The subjects were
categorized into four age groups: 50–59, 60–69, 70–79, or
‡80 years. Smoking status was divided into current smokers
or nonsmokers. Alcohol consumption was divided into
‘‘drinking biweekly or more’’ or ‘‘once a week or less.’’
Education levels were categorized as elementary school
graduate or below, middle school graduate, high school
graduate, or college graduate or above. PA was assessed
using the Korean version of the International Physical Ac-
tivity Questionnaire-Short Form (IPAQ-SF), which assessed
three activities: vigorous activity, moderate-intensity activ-
ity, and walking.17,18 PA was defined as follows: vigorous
PA, vigorous activity of at least 20 min for ‡3 days per
week; or moderate PA, moderate-intensity activity of at
least 30 min for ‡5 days per week.17

Statistical analysis

The subjects’ characteristics for men and women were
compared by Student’s t-test for continuous variables and
chi-squared tests for categorical variables. Univariate and
multivariate logistic regression analyses were performed to
evaluate the effects of obesity on LSD and LBP. All logistic
regression analyses were performed separately for each sex.
Only those who completed all surveys and examinations
were included in the regression analysis. Obesity was in-
cluded in the analyses as three (normal weight, overweight,
and obese) or four categories (normal weight, overweight,
and obese I and II). Model 1 was adjusted by age
group. Model 2 was adjusted by age group, smoking, alco-
hol consumption, education, and levels of PA. Sampling
weights were used for each participant’s data to represent
the entire Korean population. Statistical analyses were per-
formed using SAS, version 9.4 (SAS Institute, Cary, NC).

Results

Clinical characteristics of the study subjects

The prevalence of obesity was higher in women than in
men (38.27% vs. 33.97%; P < 0.001), especially in the obese
II group (5.00% vs. 1.22%). LSD was also more frequent in
women than in men (34.27% vs. 26.18%; P < 0.001). LBP
occurred 2.4 times more frequently among women than
among men (31.93% vs. 13.52%; P < 0.001) (Table 1). LSD
was more frequent in obese II (50.4%) than in normal
weight (33.9%) women. However, LSD was less frequent in

obese II (18.2%) than in normal weight (33.6%) men
(Supplementary Table S1; Supplementary Data are available
online at www.liebertpub.com/met).

Association between obesity and the risk of LSD

Univariate analysis of the risk of LSD using three obesity
categories in men revealed lower OR in the overweight
(OR = 0.755, 95% CI: 0.609–0.935) and obese (OR = 0.799,
95% CI: 0.648–0.986) groups compared with the normal
weight group. However, these associations were not sig-
nificant in multivariate analyses. In women, the risk of LSD
was increased in the overweight and obese groups in mul-
tivariate analyses. After adjusting for age (Model 1), the
ORs were 1.248 (95% CI: 1.039–1.499) in the overweight
and 1.253 (95% CI: 1.057–1.485) in the obese groups. After
adjusting for all other potential confounding factors (Model
2), the ORs were 1.227 (95% CI: 1.019–1.477) in the
overweight and 1.217 (95% CI: 1.024–1.446) in the obese
groups (Table 2).

Analyses based on four categories in men revealed a
lower OR in the overweight (OR = 0.755, 95% CI: 0.609–
0.935) and obese II (OR = 0.395, 95% CI: 0.157–0.996)
groups only in univariate analysis; the associations were
insignificant in multivariate analyses. In women, the risk of
LSD was higher in the obese II group compared with the
normal weight group in all analysis models (univariate
OR = 1.826, 95% CI: 1.321–2.522; Model 1 OR = 1.853,
95% CI: 1.333–2.577; Model 2 OR = 1.797, 95% CI: 1.287–
2.510). In addition, the risks of LSD were increased in
the overweight group in Model 1 (OR = 1.248, 95% CI:

Table 1. Subject Characteristics

Men
(n = 3668)

Women
(n = 4966) P

Age (years) 61.1 – 0.2 62.8 – 0.2 <0.0001
Weight (kg) 67.1 – 0.2 57.7 – 0.2 <0.0001
Height (cm) 167.1 – 0.1 153.6 – 0.1 <0.0001
BMI (kg/m2) 24.0 – 0.1 24.4 – 0.1 <0.0001

Obesity classification
Normal weight 1394 (36.0) 1751 (35.2) <0.0001
Overweight 1064 (30.0) 1312 (26.5)
Obese I 1166 (32.8) 1665 (33.3)
Obese II 44 (1.2) 238 (5.0)

Lumbar spine
degeneration

1121 (26.2) 1824 (34.3) <0.0001

Low back pain 527 (13.5) 1645 (31.9) <0.0001
Current smoker 1138 (35.6) 176 (4.6) <0.0001
Alcohol drinking

(biweekly or more)
1450 (42.7) 265 (6/1) <0.0001

Education
£Elementary school 1156 (30.0) 2952 (59.2) <0.0001
Middle school 707 (20.9) 785 (17.2)
High school 1093 (31.3) 920 (18.1)
‡College 712 (17.8) 309 (5.6)

PA
Vigorous PA 557 (16.0) 467 (9.4) <0.0001
Moderate PA 335 (9.2) 444 (8.6) 0.4425
Walking 1552 (41.1) 1713 (34.5) <0.0001

Values are expressed as the mean – standard error or as numbers
(%). P values were calculated using Student’s t-test or chi-squared test.

BMI, body mass index; PA, physical activity.
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1.038–1.499) and Model 2 (OR = 1.226, 95% CI: 1.019–
1.477) (Table 3).

Association between obesity and the risk of LBP

There were no significant associations between obesity
and LBP in either the three- or four-category analyses for
both men and women. Although higher ORs for LBP were
observed in women in the obese II category in univariate
and Model 1 and 2 analyses, none were statistically signif-
icant (Tables 4 and 5).

Discussion

The most important finding of this study was the in-
creased risk of LSD in overweight and obese women com-
pared with that in normal weight women. Analysis based on
four obesity categories revealed significant correlations to
LSD in the obese II group of women. There were obvious
sex differences, and obesity was not correlated with LSD in
men. There were no significant associations between obesity
and LBP in both men and women.

Obesity and LSD were significantly associated among
women in this study and not among men. Shiri et al. also
suggested that the association between overweight or obe-

sity and LBP is stronger in women than in men.19 With
regard to joint degeneration, women are also more likely
than men to suffer hip and knee joint pain.20 These sex
differences can be explained by several mechanisms. Al-
though obesity has usually been defined by the BMI, derived
from simple mass (weight) and height measurements, body
composition differs between men and women, with a higher
fat mass in women compared with men.21 Thus, if the
weight of a man and a woman is the same, the effect of the
fat mass will be higher in women. Fat mass may play a role
in the systemic effects of obesity rather than the biome-
chanical effects. A population-based study also reported that
the risk of LBP increased with higher fat mass but not with
fat-free mass.22 Differences in hormonal influences in men
and women are another mechanism that may explain the sex
difference in LSD. Sex hormones play a significant role in
the prevalence of osteoporosis in both men and women, and
osteoporosis is an important risk factor for LSD.23 This
difference in sex hormones may have caused the LSD dif-
ferences observed in men and women.

In this study, we classified obesity into three categories,
and also analyzed ‘‘obese’’ status after further dividing
obesity into two categories (obese I and II) according to the
BMI standards. In the three-category analyses, both

Table 2. Odds Ratios for Lumbar Spine Degeneration According to Normal Weight, Overweight,

and Obese Groups

Univariate analysis Model 1a Model 2b

OR 95% CI P OR 95% CI P OR 95% CI P

Men
Normal Ref. Ref. Ref.
Overweight 0.755 0.609–0.935 0.010 0.915 0.724–1.155 0.453 0.916 0.725–1.159 0.465
Obese 0.799 0.648–0.986 0.036 0.988 0.790–1.237 0.919 0.998 0.794–1.255 0.989

Women
Normal Ref. Ref. Ref.
Overweight 1.180 0.996–1.398 0.055 1.248 1.039–1.499 0.018 1.227 1.019–1.477 0.031
Obese 1.228 1.042–1.447 0.015 1.253 1.057–1.485 0.009 1.217 1.024–1.446 0.026

P values <0.05 are in boldface.
aModel 1 was adjusted for age group.
bModel 2 was adjusted for smoking, alcohol consumption, education, and levels of PA.
CI, confidence interval; OR, odds ratio.

Table 3. Odds Ratios for Lumbar Spine Degeneration According to Normal Weight, Overweight,

Obese I, and Obese II Categories

Univariate analysis Model 1a Model 2b

OR 95% CI P OR 95% CI P OR 95% CI P

Men
Normal Ref. Ref. Ref.
Overweight 0.755 0.609–0.935 0.010 0.915 0.724–1.155 0.453 0.917 0.725–1.159 0.466
Obese I 0.817 0.661–1.009 0.061 1.009 0.805–1.265 0.937 1.018 0.809–1.283 0.877
Obese II 0.395 0.157–0.996 0.049 0.501 0.192–1.310 0.159 0.524 0.202–1.360 0.183

Women
Normal Ref. Ref. Ref.
Overweight 1.180 0.996–1.398 0.055 1.248 1.038–1.499 0.018 1.226 1.019–1.477 0.031
Obese I 1.153 0.972–1.367 0.101 1.178 0.987–1.406 0.069 1.143 0.956–1.368 0.142
Obese II 1.826 1.321–2.522 <0.001 1.853 1.333–2.577 <0.001 1.797 1.287–2.510 <0.001

P values <0.05 are in boldface.
aModel 1 was adjusted for age group.
bModel 2 was adjusted for smoking, alcohol consumption, education, and levels of PA.
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overweight and obesity were significantly correlated with
LSD in women (OR = 1.227 and 1.217, respectively).
However, in the four-category analysis, ‘‘obese I’’ was not
associated with LSD (OR = 1.143, 95% CI: 0.956–1.368,
P = 0.142), although ‘‘obese II’’ was significantly correlated
with LSD in women (OR = 1.797, 95% CI: 1.287–2.510,
P < 0.001). Therefore, when considering the effects of obe-
sity on LSD, it is necessary to confirm the obese II (BMI
‡30 kg/m2) status by dividing the obesity into two sub-
categories. The definition of obesity for Asian people was
based on the Asia-Pacific region criteria of BMI = 25 kg/m2,
as mentioned above. However, as Asian people’s eating
habits have become more westernized, the cutoff point for
obesity needs to be increased to BMI = 30 kg/m2,24 as re-
commended by the World Health Organization (WHO).25 In
our study, there was no marked difference in the ORs for
LSD in the overweight and obese I categories in women.
The overweight and obese I groups may not have a linear
relationship because several environmental factors, which
were not adjusted in our regression model, might have af-
fected the correlations. The effects of obesity on LSD may
have prevailed these environmental factors only in the obese
II group.

There was no significant association between BMI-based
obesity and LBP in our study (both men and women). One
recent cross-sectional study of the 2015 National Health
Interview Survey with 32,060 respondents reported that the

adjusted ORs of LBP in overweight (OR = 1.21, 95% CI:
1.11–1.32) and obese (OR = 1.55, 95% CI: 1.44–1.67) sub-
jects were higher than those in normal weight subjects.26

One cohort study with 975 participants reported that obesity
was associated with the presence of intervertebral disc de-
generation measured by magnetic resonance imaging.27

However, a population-based twin study suggested that the
association between BMI and chronic LBP was absent after
adjusting for shared environment and genetic factors28; the
authors concluded that a direct causal relationship between
obesity and chronic LBP could not be supported. Recently,
Dario et al. also reported that none of the obesity-related
measures, including BMI, increased the risk of chronic LBP
with or without adjustment for familial factors.29 The rea-
sons for the contrasting results among these studies included
differences in the definition of back pain, population groups,
and adjustment variables.

Because our results suggest that obesity II was correlated
with LSD, LBP was also expected to have a significant re-
lationship with obesity, but this was not the case. This is
because LBP is affected not only by LSD but also by other
several factors. In fact, radiological spinal degeneration is
not consistent with back pain symptoms.30 In addition,
obesity decreases the amount of PA, which can cause pain31;
thus, a sedentary lifestyle may reduce the incidence of LBP.
LBP may also be affected by a variety of other diseases
besides LSD. For example, in the case of a compression

Table 4. Odds Ratios for Low Back Pain According to Normal Weight, Overweight, and Obese Categories

Univariate analysis Model 1a Model 2b

OR 95% CI P OR 95% CI P OR 95% CI P

Men
Normal Ref. Ref. Ref.

Overweight 1.129 0.846–1.506 0.410 1.228 0.918–1.642 0.166 1.283 0.957–1.718 0.095
Obese 0.805 0.619–1.046 0.104 0.878 0.670–1.151 0.346 0.936 0.717–1.223 0.628

Women
Normal Ref. Ref. Ref.

Overweight 0.880 0.724–1.070 0.199 0.882 0.722–1.077 0.218 0.857 0.697–1.054 0.144
Obese 1.046 0.891–1.227 0.582 1.036 0.877–1.224 0.680 0.982 0.829–1.164 0.838

aModel 1 was adjusted for age group.
bModel 2 was adjusted for smoking, alcohol consumption, education, and levels of PA.

Table 5. Odds Ratios for Low Back Pain According to Normal Weight, Overweight, Obese I,

and Obese II Categories

Univariate analysis Model 1a Model 2b

OR 95% CI P OR 95% CI P OR 95% CI P

Men
Normal Ref. Ref. Ref.
Overweight 1.129 0.846–1.506 0.410 1.228 0.918–1.642 0.166 1.283 0.957–1.718 0.095
Obese I 0.818 0.628–1.066 0.138 0.892 0.678–1.173 0.414 0.950 0.725–1.245 0.710
Obese II 0.456 0.148–1.410 0.172 0.505 0.167–1.530 0.227 0.562 0.176–1.794 0.330

Women
Normal Ref. Ref. Ref.
Overweight 0.880 0.724–1.070 0.199 0.882 0.722–1.077 0.218 0.857 0.697–1.054 0.144
Obese I 1.013 0.854–1.201 0.881 1.009 0.843–1.206 0.925 0.959 0.799–1.149 0.647
Obese II 1.283 0.953–1.727 0.100 1.226 0.903–1.666 0.192 1.148 0.842–1.565 0.382

aModel 1 was adjusted for age group.
bModel 2 was adjusted for smoking, alcohol consumption, education, and levels of PA.
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fracture that can cause LBP, obesity increases bone densi-
ty,32 which may reduce the incidence of compression frac-
tures. Because this was a cross-sectional study, there were
limitations on controlling for these factors. Therefore,
whether obesity directly affects LBP requires prospective
studies that have controlled for the different variables that
can cause LBP.

Our study has several limitations: first, it was difficult
to establish a causal relationship between obesity and
LSD because of the inherent limitations of cross-sectional
studies, although this was a nationwide, representative,
large population-based study. Subjects with LSD might
be physically less active due to pain and become obese.
Second, information was obtained through self-reporting;
therefore, self-selection and recall biases were possible.31

Third, the assessments of LSD and LBP were not precise in
this population-based study. For LSD measurements, early
degenerative changes, which can be confirmed by magnetic
resonance imaging or computed tomography, could not be
included since a simple X-ray was performed and grade 2 or
more was defined as degeneration in the Kellgren–Lawrence
grading system. Because LBP was also evaluated only as the
presence of back pain for ‡1 month over the last 3 months, it
was impossible to evaluate the intensity of pain, and it may
not distinguish among the type of LBP.33 Therefore, further
studies with more precise measurements of LSD and LBP are
needed. Fourth, we could not include several important var-
iables such as metabolic diseases, which may affect the risk
of LSD and LBP, and the control of confounding factors
might be imperfect. In addition, sample size of obese II group
was too small than other groups. In men, it was only 1.2% of
total male population. Thus, relatively small sample size of
only one group can raise a bias in this study.34

Conclusions

The risk of LSD was increased in overweight and obese
women, especially among those in the obese II category,
compared with normal weight women. In men, obesity was
not correlated with LSD. There were no statistically sig-
nificant associations between obesity and LBP in either men
or women. These findings imply that maintaining normal
body weight may be a factor for the prevention of LSD.
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