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Abstract: Back pain is a worldwide health problem, adding a tremendous burden to modern societies. However, little
information on back health is available in China, even though a quarter of the world’s population is Chinese. To en-
hance knowledge in this area, we designed and initiated the Hangzhou Lumbar Spine Study, which is a cross-sectional
study of a general sample of mainland Chinese with focusing on disc degeneration, Modic changes, endplate lesions,
and back pain. The study consists of a structured questionnaire to measure back pain history and lifetime exposure to
suspected risk factors, magnetic resonance imaging of the lumbar spine, bone mineral density study of the spine and
hip, and DNA sample analysis. Here we briefly introduce the study methodology, report the test-retest reliability of the
questionnaire, and describe the cohort profile to date. Since May 2014, 301 randomly selected subjects (male/female,
122/179; mean age, 51.0 years; range, 20-87 years) have been recruited. Tests-retests of the questionnaire, com-
pleted by 40 participants, revealed good reliability. To our knowledge, the Hangzhou Lumbar Spine Study is the first
population-based epidemiological study conducted to characterize lumbar spinal phenotypes and back pain, their
interaction, and their associations with lifetime environmental exposure, in mainland Chinese. Epidemiological in-
formation obtained from a reliable questionnaire, magnetic resonance (MR) imaging data, dual energy X-ray absorp-
tiometry (DXA) measurements, and DNA analysis may serve as a valuable reference for future studies on back health,
particularly for mainland Chinese.
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1 Introduction

Back pain is a common health problem, with
over two thirds of adults suffering from back pain
sometime in their lives (Deyo and Weinstein, 2001).
Back pain-related healthcare costs, work loss, and
psychosocial problems result in a tremendous social
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burden in developed countries (Andersson, 1999).
However, little information regarding back pain epi-
demiology is available in the developing country of
China.

A basic challenge to devising effective ap-
proaches to lessen the burden of back pain on indi-
viduals and society is that a clear pathoanatomical
cause cannot be identified in most back pain patients
(Abraham and Killackey-Jones, 2002). Despite nu-
merous studies of the etiology and pathogenesis of
back pain, much remains unclear (Balagué¢ et al.,
2012). Of the various suspected underlying patholo-
gies, disc degeneration has long been thought to be a
major culprit (Battié and Videman, 2006). Yet most
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studies have not revealed strong associations between
disc degeneration and back pain (Jensen et al., 1994;
Salminen et al., 1995). While disc degeneration is a
genetically dominated condition studied mostly in
populations of European descent living in developed
countries (Battié and Videman, 2006), the epidemi-
ology of disc degeneration in mainland Chinese re-
mains largely unexplored.

Modic changes (MCs) or endplate signal changes
represent another spinal phenotype increasingly sus-
pected of being associated with back pain. Like disc
degeneration, the prevalence of MCs varies consid-
erably, from 19% to 59% in patients with lumbar
degenerative disorders, but is considerably lower in
asymptomatic individuals (Rahme and Moussa, 2008).
While some studies suggest that MCs are age-related
degenerative factors unrelated to back pain (Jarvik
et al., 2005; Kuisma et al., 2007; Jarvinen et al., 2015),
others report that Type I or Type Il MCs, or both, are
associated with back pain (Kjaer et al., 2005a, 2005b;
Albert and Manniche, 2007; Kuisma et al., 2009).
Further, there is evidence that MCs may be an inde-
pendent risk factor for episodes of disabling back pain
(Maatta et al., 2015). Such inconsistent findings
confuse clinical interpretations of MCs and, thus,
warrant further investigation. In addition, to date
there has been no population-based epidemiological
study investigating the etiology or pathogenesis of
MCs.

Endplate lesions, a group of pathological find-
ings newly recognized in cadaveric vertebrae, appear
to be common spinal phenotypes, which may play an
important role in both disc degeneration and back
pain (Wang et al., 2012a, 2012b, 2013). Yet, the
clinical significance of endplate lesions needs to be
confirmed in vivo using standard radiological ap-
proaches, and so do their determinants. We postulated
that modern high-resolution magnetic resonance (MR)
imaging may be able to detect endplate lesions, and
the presence of endplate lesions would relate to disc
degeneration and pain.

Conflicting evidence on the clinical relevance of
spinal phenotypes, such as disc degeneration, MCs,
and endplate lesions, may be due to the tremendous
variation in study samples and definitions and
measures of both spinal phenotypes and back pain.
For example, most studies on MCs used convenient
samples (Kaapa et al., 2012), patients (Kuisma et al.,

2009), or highly selected populations (Kuisma et al.,
2007), resulting in limited comparability and gener-
alizability of the findings. Among the few studies on
MCs and back pain using general population samples,
some used only T2-weighted MR images (MacGregor
et al., 2004; Mok et al., 2016) or studied only men
(Wang et al., 2012¢) or women (MacGregor et al.,
2004), others used samples of general populations of
a specific age (Kjaer et al., 2005a, 2005b). A Japanese
study investigated mainly elderly subjects (mean age,
66 years), for whom endplate pathologies were not
the primary focus (Teraguchi et al., 2015). Moreover,
most early studies used MR machines of low resolu-
tion (0.2 to 1.5 T), which limited the visualization and
measurement of spinal phenotypes. In addition, few
studies used structured questionnaires to measure
lifetime environmental exposure, leaving the etiolo-
gies of most spinal phenotypes unstudied.

The Hangzhou Lumbar Spine Study, which is a
cross-sectional study of a general population sample
of mainland Chinese, is designed to enhance current
knowledge of disc degeneration, MCs, endplate le-
sions, and back pain. Specific purposes of the study
include: (1) to determine epidemiological character-
istics of disc degeneration, endplate lesions, MCs, and
back pain in Chinese; (2) to explore the associations
between lifetime environmental exposure and the
presence of endplate lesions and MCs; (3) to deter-
mine the relationships among endplate lesions, MCs,
disc degeneration, and back pain; and (4) to identify
genotypes associated with lumbar spinal phenotypes
in Chinese. The aims of the present paper are to in-
troduce the Hangzhou Lumbar Spine Study, present
the study methodology, describe the study sample
recruited to date, and conduct a test-retest reliability
of the structured questionnaire.

2 Materials and methods

The Hangzhou Lumbar Spine Study is a cross-
sectional study of adults randomly selected from a
typical Chinese community in Hangzhou, the capital
city of Zhejiang Province in eastern China. There are
about six million registered residents in Hangzhou
City. The study data acquisition comprises four parts:
a structured questionnaire to measure back pain his-
tory and lifetime exposure to suspected risk factors,
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MR imaging of the lumbar spine, dual energy X-ray
absorptiometry (DXA) to measure the bone mineral
density (BMD) of the spine and hip, and DNA sample
collection and analysis (Fig. 1). The study protocol
was approved by the Ethical Committee at the First
Affiliated Hospital of Zhejiang University (Hangzhou,
China).

2.1 Subject recruitment

The study began recruiting subjects in May 2014.
All subjects were recruited from the Caihe commu-
nity, a typical Chinese community in Hangzhou. The
Caihe community was founded in 1987, nine years
after the reformation and opening-up of China. The
first generation of Caihe residents was mainly labor
workers from various factories, suburban farmers,
office workers, and veterans. With rapid urban ex-
pansion and a real estate boom after 1998, many well-
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Fig. 1 Overview workflow for the Hangzhou Lumbar
Spine Study

educated young couples moved into the community,
further enriching the population. After 30 years of
development, the community now is large and mature,
with about 43000 registered residents in an area of
3.5 km’. Unlike some new communities that consist
mainly of young and well-educated immigrants, reg-
istered residents in Caihe cover a full range of ages
and typical occupations, with diverse exposure to
various suspected occupational risk factors for lumbar
pathologies. Therefore, the Caihe community pro-
vides an ideal population pool from which to draw a
representative sample of the general Chinese popula-
tion for an epidemiological study.

We used simple random sampling to recruit
subjects from the community in an effort to decrease
sampling bias. Subjects were randomly selected from
the residency registry using the random function in
Excel 2010 (Microsoft). A community worker em-
ployed by the study then contacted the selected sub-
jects to introduce the study and ask if they would be
willing to participate. If willing, study inclusion cri-
teria were checked.

In addition to being a Han Chinese resident of
Caihe and randomly selected from the registry, study
subject inclusion criteria included being older than
18 years of age, having no contraindications for MR
imaging or DXA (e.g. no lumbar spine instrumenta-
tion), and being willing to participate in the study as a
volunteer. Subjects were randomly selected regard-
less of back pain or any other factors. Our goal was to
recruit 800 to 1000 participants in five years.

If inclusion criteria were met, a single trained
research nurse called the candidate participant to
make an appointment to conduct the interview, fol-
lowed by a 5-ml blood draw for a DNA sample. Then
the subject underwent lumbar spine MR imaging and
DXA. These studies were usually conducted on the
same day. All volunteers provided written informed
consent prior to data collection.

2.2 Structured questionnaire

A structured questionnaire was developed to
measure lifetime environmental exposure of relevance
and other suspected risk factors for lumbar spinal
phenotypes, and to record each subject’s history of
back injury or trauma and back pain. The questions
were adapted mainly from the Twin Spine Study
(Battié et al., 1995), the Multinational Musculoskeletal
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Inception Cohort Study Statement (Pincus et al.,
2008), and the Delphi Study Recommendations for
conducting prevalence studies of back pain (Dionne
et al., 2008). The interview includes items on: (1)
demographic characteristics; (2) general lifestyle and
health behaviors; (3) occupational history and asso-
ciated physical demands; and (4) back pain history.
Although cognitive and psychosocial factors are im-
portant in studying back pain, we did not include
related items in the questionnaire as the main focus of
the study is the etiologies of lumbar spine MR find-
ings and their associations with back pain. Further-
more, a concise and focused questionnaire can save
time and cost for such a large scale epidemiological
study. After the interview was developed and final-
ized by two of the authors (MCB and YW) in English,
the questionnaire was translated into Chinese.

2.2.1 Demographics, general lifestyle, and health
behaviors

Body weight and height were measured imme-
diately prior to the interview. General demographic
data were then collected, including education cate-
gorized according to the World Health Organization
Health Survey (World Health Organization, 2002),
and followed by questions on smoking, alcohol con-
sumption, and vehicle use.

Evidence suggests that pack-years, the number
of cigarettes smoked daily multiplied by years of
smoking, can appropriately reflect the degree of
smoking exposure (Pincus et al., 2008). To this end,
two items were designed to identify whether subjects
smoked regularly and the ages of onset and cessation
of smoking, and a third item estimated the number of
cigarettes smoked per day.

The Alcohol Use Disorders Identification Test,
which demonstrates excellent sensitivity and validity
for both alcohol use disorders and drinking problems
(Bush, 1998), was simplified to measure alcohol ex-
posure. The first item identified whether the subject
drank regularly, the second indicated alcohol type
(wine of low, mild, or high alcohol content), and the
third determined the duration of alcohol consumption.

Overall exposure of vehicular vibration was
evaluated by the hours spent per day driving or as a
passenger in motorized vehicles, the type of motor-
ized vehicles, driving distance, and the number of
years using motored vehicles. As bicycles are com-

monly used for transportation in China, we also asked
subjects the number of hours per day spent riding a
bicycle.

Sports and exercise history was evaluated using
the methods reported in the Twin Spine Study (Battié
etal., 1995). To facilitate recall, subjects were queried
about regular exercise or sports involvement during
each school education period (primary school, middle
school, and high school), and then during each decade
after 20 years of age. For each period, exercise type,
frequency, number of months exercised per year, and
number of years of participation were recorded to
estimate overall exposure to various sports and exer-
cises. In addition, any exercise-related “back injury”
was specifically recorded. Finally, any other physical
activities which were regularly performed, but not
covered under occupation and exercise, were also
noted.

2.2.2 Occupational physical demands and history

Overall lifetime occupational demands were
determined from the physical demands of the jobs
subjects had for the majority of their working years
(Battié et al., 1995). Occupational physical demands
were classified as sedentary work (spending nearly all
day sitting with little lifting), light physical demands
(involving sitting and standing or walking activities,
and light lifting generally less than 5 kg), medium
physical demands (lifting and handling of weights
generally less than 20 kg), heavy physical demands
(frequent lifting of materials between 20-40 kg), and
very heavy physical demands (frequent lifting of
materials over 40 kg). The years of having each level
of physical demands were recorded. Subjects were
further asked how much of their work was done in
awkward twisted or bent postures (none, occasional-
ly, >1 h, or majority of the day). In addition, subjects
were asked if they had physically hard work before
18 years of age.

Questions pertaining to occupational history and
back injury history were mainly modified from the
Twin Spine Study (Batti¢ et al., 1995). The age at
which the subject began his or her first full-time job
was recorded. Each job the subject subsequently held
was categorized with respect to material handling,
and time spent sitting, standing, and walking, and
on-the-job driving/riding per day and per week was
recorded. The amount of weight most commonly



Hu et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2018 19(7):547-558 551

lifted and the frequency of lifting were recorded to
calculate a summary indicator of lifting per day.
Working postures were categorized as working
overhead or standing, slight bending/twisting, mod-
erate bending/twisting, and extreme bending/twisting,
and time spent in each position per day was recorded.
Moreover, the “most physically demanding activity
of the job” was documented. In addition, commute
time (minutes to and from work) and transportation
mode were recorded. Finally, subjects were asked
whether they had suffered from back-related injuries,
the symptom duration, and whether their choice of
work or a change of jobs was ever influenced by their
health.

2.2.3 Low back pain history

The questions pertaining to back pain came
primarily from the recommendations of the Delphi
Study by Dionne et al. (2008) and the Twin Spine
Study (Battié et al., 2007). Low back pain was defined
as pain or soreness in the area between the lower ribs
and buttock crease, which was further illustrated us-
ing a diagram during the interview (Dionne et al.,
2008).

Dionne’s questionnaire was used to measure the
presence, frequency, duration, and severity of current
back pain and back pain over the past four weeks
(Dionne et al., 2008). Pain related to fever or men-
struation was excluded. Questions for back problems
over the past 12 months were adapted from the Twin
Spine Study (Battié et al., 1995). In addition, six items
were designed to measure lifetime back pain and
related history (Battié et al., 1995). The age of onset
was recorded and space was provided to record de-
tailed information as needed.

2.3 Blood sample collection and DNA analysis

Immediately following the interview, a 5-ml
blood sample was collected and stored at —80 °C.
DNA was extracted within one month by a laboratory
technician using standard approaches and the ex-
tracted DNA samples were archived at —20 °C for
future analysis.

2.4 DXA and BMD measurements

Lumbear spine and hip BMDs were measured with
DXA (Lunar Prodigy, GE, USA) using standard
protocols. Results were printed and archived together
with interview data collection forms.

2.5 Lumbar spine MR imaging

The lumbar spine was imaged using a 3.0 T MR
scanner (Philips Medical Systems, DA Best, the
Netherlands). The protocol included TIW, T2W, and
spectral presaturation with inversion recovery (SPIR)
sequences of sagittal images, as well as axial T2W
images of each lumbar intervertebral disc from L1/2
through L5/S1. Sagittal T2W images were acquired
using a turbo spin-echo sequence with a repetition
time (TR) of 3500 ms, echo time (TE) of 100 ms, echo
train length of 17, and two acquisitions. The matrix
size was 300x229, field of view (FOV) 24 cmx24 cm,
with a slice thickness of 3 mm and intersection gap of
0.3 mm. Sagittal TIW images were acquired using a
turbo spin-echo sequence with a TR of 442 ms, TE of
8 ms, echo train length of 4, and four acquisitions.
The matrix size was 268x191, FOV 24 cmx24 cm,
with a slice thickness of 3 mm and intersection gap of
0.3 mm. Fat suppression images were acquired using
SPIR sequence with T1 suppression. This technique is
based on a frequency-selective inversion pre-pulse
tuned to fat resonance and with an inversion time
adjusted to 220 ms for optimal fat suppression.

In summary, 15 TIW sagittal images, 15 T2W
sagittal images, and 15 fat suppression sagittal images
were obtained for each lumbar spine, and 3 axial T2W
images for each lumbar disc using a 3.0 T MR scanner.
Lumbar spine MR images were downloaded in DI-
COM format and archived for future study.

2.6 Test-retest reliability of the interview data

At the end of the interview, subjects were asked if
they would be willing to be contacted again to repeat
the questionnaire after one month, a time interval se-
lected to prevent carry-over effects (Weir, 2005). Test-
retest reliability response was evaluated using data
from the first 40 subjects who agreed to repeat the
interview. To ease the burden on the study volunteers,
the second interview was conducted over the telephone
by the same research nurse who conducted the face-
to-face interview. The research nurse did not have
access to the prior responses during the repeated in-
terviews, and data analysis was performed by another
investigator.

2.7 Statistical analysis

Statistical analyses were performed using
STATA (Version 13.0, StataCorp LP, TX, USA).
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Descriptive statistics was used to document the
characteristics of the study sample and kappa statis-
tics to examine the reliability of interview responses.
For binary variables, test-retest agreement was
measured using Cohen’s kappa (x). For ordinal vari-
ables, weighted x was calculated. For continuous
variables, intra-class correlation coefficients (ICCs)
were calculated. It has been suggested that x or ICC
values of less than 0.20 indicate slight agreement, 0.21
to 0.40 fair agreement, 0.41 to 0.60 moderate agree-
ment, 0.61 to 0.80 substantial agreement, and 0.81 to
1.00 excellent agreement (Landis and Koch, 1977).

3 Results

To date, 1368 residents have been randomly se-
lected from the resident registry. They included 661
(48.3%) men and 707 (51.7%) women (mean age,
48.2 years; standard deviation, 16.9 years; range,
18-104 years). Of these, 367 had invalid phone
numbers in the registry, leaving 1001 to contact for
possible participation (480 men, 521 women; mean
age, 49.5 years; standard deviation, 14.9 years; range,
18-93 years). Among them, 605 subjects declined
participation, 72 were college students who were
living in other cities and unable to take part in, 8 were
unable to travel to the data collection site (too old,
diseased, or disabled), 9 were ineligible for MR im-
aging (5 pregnant, 2 with metal instrumentations, and
2 with a cardiovascular stent), and 6 completed the
interview but failed to finish MR imaging (4 with-
drew participation and 2 had contraceptive devices).
As a result, 301 subjects (122 (40.5%) men and 179
(59.5%) women; mean age, 51.0 years; standard de-
viation, 15.2 years; range, 2087 years) participated
and completed all the proposed examinations (Table 1).
The overall volunteer rate was 30.1%.

In terms of demographic characteristics and
health behaviors, the 40 subjects who participated in
the test-retest reliability study were similar to the
larger study sample from which they came (Table 1).
Among the 56 items tested from the interview, sub-
stantial to excellent agreement was observed in the
responses to 47 items (83.9%), moderate agreement
in 7 items (12.5%), and fair agreement or less in 2
items (3.6%).

More specifically, test-retest reliability coeffi-
cients ranged from 0.56 to 1.00 for demographic
characteristics, general lifestyle, health behaviors,
and sports and exercise history (Table 2). Other than
hours spent riding a bicycle (k=0.56), responses to
most items on vehicle use had substantial to excellent
agreement (x or ICC=0.66-0.94). For exercise type
and duration and related injury, agreement was gen-
erally substantial (x or ICC=0.63-0.79; Table 2).

The reliability measurements for occupational
demands and occupational history revealed moderate
to excellent agreement (x or ICC=0.58—1.00, Table 3).
Agreement on items assessing the duration and
physical demands of each specific occupation during
the subject’s lifetime is presented in Table 3. When
more items were detailed to measure degrees of
bending or twisting postures in a job, agreement was
fair or substantial for most variables (ICC=0.33-0.74),
with the lowest reliability coefficients found for time
spent in various positions (Table 3). For recalled
sudden work-related back pain or injury, test-retest
agreement was substantial (x=0.74).

Moderate to excellent test-retest agreement was
found for different definitions of back pain and their
related frequency (Table 4). Items for various defini-
tions of low back pain experienced during the subject’s
lifetime revealed substantial to excellent agreement
(#=0.60—1.00; Table 4).

4 Discussion

Chinese make up about one quarter of the
world’s population. Yet, to date there has been no
population-based study specifically designed to in-
vestigate the lumbar spine and back health of people
in developing mainland China. The epidemiological
characteristics of back pain and spinal phenotypes in
mainland Chinese, therefore, remain largely unex-
plored, as do the risk factors of various spine pa-
thologies. To complement knowledge in this area, we
designed and initiated the Hangzhou Lumbar Spine
Study. In this paper, we briefly introduced the
methodology of the study, including the measure-
ments of lifetime environmental exposure of interest
and back pain history, and their test-retest reliability,
and described the cohort profile to date.
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Table 1 Demographic characteristics and health behaviors of study subjects
. Current cohort in the Hangzhou Subjects who participated in a
Variable Lumbar Spine Study (#=301) the reliability study (=40) © ‘3U¢
Age (year) 51.0£15.2 49.2+133 0.49°
Gender 0.50
Male 122 (40.5%) 14 (35.0%)
Female 179 (59.5%) 26 (65.0%)
Education 0.95
No formal school 5(1.7%) 0
Less than primary school 1 (0.3%) 0
Primary school completed 13 (4.0%) 2 (5.0%)
Secondary school completed 69 (22.9%) 9 (22.5%)
High school or equivalent completed 71 (23.6%) 12 (30.0%)
College to undergraduate degree 133 (44.2%) 16 (40.0%)
Post graduate degree completed 9 (3.0%) 1(2.5%)
Occupation 0.84
Retired / Been unemployed / Unemployed student 126 (41.9%) 14 (35.0%)
Legislator / Senior official / Manager 30 (10.0%) 3(7.5%)
Professional 53 (17.6%) 8 (20.0%)
Technician / Associate professional 30 (10.0%) 4 (10.0%)
Clerk 11 (3.7%) 2 (5.0%)
Service/sales work 32 (10.6%) 6 (15.0%)
Agricultural or fishery worker 1 (0.3%) 0
Plant/machine operator 3 (1.0%) 0
Craft or trades worker 10 (3.3%) 1 (20.0%)
Elementary worker 0 0
Armed forces 0 0
Others 5 (1.7%) 2 (5.0%)
Smoking 0.15
Yes 76 (22.0%) 6 (15.0%)
No 225 (78.0%) 34 (85.0%)
Alcohol consumption 0.59
Yes 134 (44.5%) 16 (40.0%)
No 167 (55.5%) 24 (60.0%)

* ¢/ test; © t-test. Values are expressed as number (percentage) or meantstandard deviation

China has undergone a continuous economic
boom over the past 30 years. Underlying “made in
China” were dramatic changes in occupational and
environmental exposure and social structures. Sur-
prisingly, however, little attention has been paid to the
occupational health of modern Chinese. Back pain is
within such a neglected area and epidemiological data
on back health are currently absent for mainland
Chinese. The Hangzhou Lumbar Spine Study aims to
determine epidemiological characteristics of various
lumbar spine phenotypes, their associations with each
other and with back pain, and to elucidate their en-
vironmental and genetic determinants in mainland
Chinese. Knowledge derived will contribute to the
understanding of the etiology and pathogenesis of
spinal phenotypes and back pain specifically in the
developing country of China.

The current study is one of the few studies on the
lumbar spine that have used a structured question-
naire to measure lifetime environmental and occupa-
tional exposure of interest. Most items used in the
questionnaire were modified from the Twin Spine
Study (Battié et al., 1995). As reported in the Twin
Spine Study, overall the test-retest agreement was
substantial for the majority of items (83.9%) proposed
in the structured questionnaire. For lifetime occupa-
tional history, most items showed substantial agree-
ment other than the degree of bending or twisting
posture (ICC=0.36-0.79). It is challenging to estimate
the extent and time of various postures during work,
which are prone to recall bias (Halpern et al., 2001).
Showing pictures or diagrams to demonstrate posture
and load features, as carried out in the Twin Spine
Study, may have been helpful to increase the recall
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Table 2 Test-retest reliability for demographic characteristics, general lifestyle, health behaviors, and sports and

exercise history in Caihe community

Item x or ICC 95% CI
Education
What is the highest level of education you completed? 1.00
Smoking
Do you smoke or have you at some time smoked regularly? 0.81 0.71, 0.92
No / Yes, but <12 packs / Yes
Smoking’s pack year 1.00
Alcohol consumption
Do you drink or have you at some time drunk regularly? 0.96 0.89, 1.00
Never / Occasionally a little / Often (several times a week) / One time every day /
>1 time every day
Vehicle use
How many hours per day do you spend, on average, driving or as a passenger in 0.94 0.90, 0.97
motorized vehicles?
How many years have you spent about this much time in motorized vehicles? 0.80 0.66, 0.89
How many hours per day do you spend, on average, riding a bicycle? 0.56 0.31,0.74
Do you drive? 0.94 0.83, 1.00
If yes, how many kilometers did you drive per year? 0.65 0.43,0.80
If yes, how many years have you driven? 0.66 0.44, 0.80
Sports and exercise history
Exercise type? 0.67 0.65, 0.73
None / Running / Walking / Ping pong / Badminton / Basketball / Football / Tennis /
Yoga / Dance / Swimming / Gym / Others
Ask if ever exercised in the time of primary, junior and high school and each decade 0.64 0.40, 0.88
after 20 years old respectively?
Number of years exercised? 0.66 0.44, 0.80
Number of months in a year? 0.72 0.53,0.84
Exercise frequency (number of days exercised in a week)? 0.63 0.40, 0.78
Did you have any related injuries when exercise? 0.79 0.39, 1.00

x: Cohen’s kappa; ICC: intra-class correlation coefficient; 95% CIL: 95% confidence interval

reliability (Halpern et al., 2001), but we did not in-
corporate this method in the interview.

There is no universally accepted definition or
measurement of back pain, and variation may result in
limited comparability and generalizability of research
findings and conclusions. We combined the ques-
tionnaires in the Twin Spine Study and the Delphi
Study (Battié et al., 1995; Dionne et al., 2008) to
measure various back pain phenotypes. Consistent
with previous reports, the test-retest study revealed
substantial to excellent agreement for back pain of
various definitions (x=0.60—0.86). We expect these
comprehensive measures may help to address some
specific research questions of back pain.

There are three particular strengths of the Hang-
zhou Lumbar Spine Study. First, unlike some other
studies which recruited subjects by public advertising,
subjects of the Hangzhou Lumbar Spine Study were
randomly selected from a registry of a typical mature

community. Given the culture and current socio-
economic status in China, public advertising is likely
to attract a disproportionate number of volunteers
with back pain problems. Random sampling could
minimize selection bias and increase the representa-
tiveness of recruited subjects as a sample of the tar-
geted population pool, and thus enhance the general-
izability of the study results. Second, a structured
questionnaire, adapted from some well-known studies,
was specifically developed to measure lifetime ex-
posure of suspected risk factors for back pain and
spinal phenotypes. The questionnaire was completed
in a face to face interview by a single trained research
nurse, resulting in substantial to excellent agreement
in retests for most items. Third, a specific protocol
was used to image the lumbar spine with a 3.0 T MR
scanner, resulting in 60 MR images for each lumbar
spine. Such elaborate high-resolution MR images may
have substantially increased the visibility of various
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Table 3 Test-retest reliability for occupational demands and occupational history in Caihe community (n=40)

Item x or ICC 95% CI
Occupational demands
Which of the following best describes the physical demands of the jobs you have had 0.58 0.37, 0.64
for the majority of your working years?
Sedentary work / Light physical demands / Medium physical demands / Heavy
physical demands / Very heavy physical demands
In total, about how many years have you held jobs with the level of physical demands 0.74 0.56, 0.85
that you noted above?
Of the jobs just noted, which of the following best describes how much of the work was 0.60 0.50, 0.62
done in awkward twisted or bent postures?
Almost none / Occasionally worked in awkward twisted or bent positions / Spent
over an hour during the work day in awkward twisted or bent positions / Spend the
majority of the day in awkward twisted or bent positions
During the majority of your working years, have the physical demands on your back 0.70 0.49, 0.92
(e.g. lifting, twisting, bending) been greatest during your employment or during home
and leisure activities?
Did you do physically hard work when you were young (under 18 years)? 0.72 0.37, 1.00
Occupational history
During the last 12 months, what has been your main occupation? 0.61 0.50, 0.72
Are you currently? 0.91 0.80, 1.00
Employed full-time / Part time job / Unemployed / Retired / Student / Other
If currently working, how do you evaluate your present working conditions? 0.72 0.64, 0.85
Very dissatisfied / Dissatisfied / Fair, neither satisfied nor dissatisfied / Satisfied /
Very satisfied
Age when you had your first full-time job 0.44 0.07,0.70
Job category 0.59 0.43, 0.61
Working years 0.64 0.47,0.76
Hours in sitting at work (not including in car) 0.80 0.70, 0.88
Hours in on-job driving/riding 0.95 0.92, 0.97
Vehicle type 0.86 0.85, 0.88
None / Car / Motorcycle / Truck / Bus / Tractor / Others
Most common weight multiplied by frequency in lifting per day 0.49 0.28, 0.65
Heaviest weight, at least once a week 0.72 0.58,0.82
Hours in overhead or stand work positions 0.36 0.13, 0.55
Hours in slight twisting and bending positions 0.33 0.10, 0.53
Hours in moderate bending/twisting 0.46 0.24,0.63
Hours in deep bending and twisting 0.79 0.68, 0.86
Hours in standing/walking when work 0.59 0.41, 0.73
Work hours per week 0.67 0.52,0.79
Commute time in going to work 0.67 0.51,0.78
Mode of transportation 0.70 0.62, 0.82
Associated injuries when work 0.65 0.21, 1.00
Work-related sudden back pain/injuries 0.74 0.55, 0.94
Has your health ever influenced your choice, or a change of jobs? 1.00

x: Cohen’s kappa; ICC: intra-class correlation coefficient; 95% CI: 95% confidence interval

spinal phenotypes and their measurement accuracy.
In addition, the comprehensive back pain question-
naire, which is typically absent in most epidemio-
logical studies of the spine, was adapted to measure
the presence, degree, and frequency of various back
pain phenotypes. Using detailed, comprehensive
methodologies, the Hangzhou Lumbar Spine Study is

expected to provide scientific evidence for many
research questions related to the lumbar spine and
back pain.

There are also some limitations of the Hangzhou
Lumbar Spine Study. Although subjects were ran-
domly recruited from a large community, the study
does not represent all Chinese in the mainland. There
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Table 4 Test-retest reliability for back pain history in Caihe community (#=40)

Item x or ICC 95% CI
Low back pain today
Do you have low back pain (pain between the lower ribs and buttock crease) today? 0.86 0.56, 1.00
(yes/no)
How would you rate your back symptoms today on a scale from 0 to 10, with 0 being 0.96 0.92, 0.98
no pain and 10 being the worst pain imaginable?
Low back pain over the past 4 weeks
Have you had pain in your lower back in the past 4 weeks? 0.82 0.62, 1.00
Have you had pain that goes down the leg? 1.00
Low back pain over the past 12 months
How often have you experienced low back pain? 0.60 0.42, 0.68
Daily / Not daily, but at least once a week / Not weekly, but at least once / A month /
Several times a year / Two to three times a year / Once a year / None at all
How would you rate your worst low back ache/pain over the past 12 months on a scale 0.68 0.48, 0.82
from 0 to 100, with 0 being no pain and 100 being the worst pain imaginable?
Low back in lifetime
Have you ever fractured your spine? 0.66 0.03, 1.00
Have you ever had sudden back pain lasting more than 1 d related to an injury/trauma 0.88 0.72, 1.00
or an unusually heavy load?
Have you ever had sudden back pain lasting more than 1 d without an injury/trauma or 0.60 0.32, 0.89
an unusually heavy load?
Have you ever had spine surgery? 1.00
Were you ever unable to work (or do your normal activities) for at least a month due to 1.00

back pain or back injury?

x: Cohen’s kappa; ICC: intra-class correlation coefficient; 95% CI: 95% confidence interval

are 56 ethnicities in China; we recruited only Han
Chinese subjects. Further, the overall participation
rate was low, which may introduce sampling bias.
Unfortunately, this is an issue with other studies as
well due to low volunteer rates (Moore et al., 2016) or
recruitment through public media (Mok et al., 2010).
There are many reasons underlying the low partici-
pation rate in our study. About a quarter of randomly
selected subjects could not be contacted through
phone numbers in the registry, largely due to the
transitory nature of cell phone numbers used. The
most common reason for residents declining partici-
pation in the study was their unwillingness to spend
the time required. Most subjects younger than
24 years old were currently studying in other cities
and were unavailable to participate. Also, although a
similar percentage of men and women were selected
in random sampling, many more women participated
in our study than men, which is a common phenom-
enon in subject recruitment (Todd et al., 1983). Fi-
nally, in the current study measurement of psycho-
logical factors is limited, which could be of interest
for studying back pain.

5 Conclusions

To our knowledge, the Hangzhou Lumbar Spine
Study is the first population-based epidemiological
study conducted for understanding spinal phenotypes
and back health in mainland Chinese. As the study
continues and the sample size grows, the data set will
be used to test many related hypotheses. Epidemio-
logical information obtained from a reliable ques-
tionnaire, MR imaging data, DXA measurements, and
DNA analysis may serve as a valuable reference for
future studies on back health.
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