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Background: Well-validated risk prediction models help to identify individuals at
high risk of diseases and suggest preventive measures. A recent systematic review
reported lack of validated prediction models for low back pain (LBP). We aimed to
develop prediction models to estimate the 8-year risk of developing LBP and its re-
currence.

Methods: A population based prospective cohort study using data from 435,968
participants in the National Health Insurance Service-National Sample Cohort en-
rolled from 2002 to 2010. We used Cox proportional hazards models.

Results: During median follow-up period of 8.4 years, there were 143,396 (32.9%)
first onset LBP cases. The prediction model of first onset consisted of age, sex, in-
come grade, alcohol consumption, physical exercise, body mass index (BMI), total
cholesterol, blood pressure, and medical history of diseases. The model of 5-year
recurrence risk was comprised of age, sex, income grade, BMI, length of prescrip-
tion, and medical history of diseases. The Harrell's C-statistic was 0.812 (95% con-
fidence interval [Cl], 0.804-0.820) and 0.916 (95% Cl, 0.907-0.924) in validation
cohorts of LBP onset and recurrence models, respectively. Age, disc degeneration,
and sex conferred the highest risk points for onset, whereas age, spondylolisthesis,
and disc degeneration conferred the highest risk for recurrence.

Conclusions: LBP risk prediction models and simplified risk scores have been de-
veloped and validated using data from general medical practice. This study also
offers an opportunity for external validation and updating of the models by incorpo-
rating other risk predictors in other settings, especially in this era of precision medi-
cine.

Key Words: Big Data; Chronic Pain; Intervertebral Disc Degeneration; Low Back
Pain; National Health Programs; Proportional Hazards Models; Recurrence; Risk As-
sessment; Risk Factors; Spondylolisthesis.

INTRODUCTION

Low back pain (LBP) is a condition characterized by pain,
muscle tension, discomfort, or stiffness below the costal
margin and above the inferior gluteal folds, with or with-

out sciatica [1]. LBP is a common disorder causing disabil-
ity, severe pain, and prolonged sick leave at personal and
social expense [2]. This condition occurs in approximately
60%-80% of people at some points in their lives [3], with a
potential childhood onset [4], and an estimated 6%-10% of
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acute LBP patients experience repeated episodes [5]. The
annual and point prevalence of LBP approximates 45%
and 30%, respectively [6]. Lee et al. [7] reported a 17.1%
total prevalence of LBP in Korea, whereas among hyper-
tensive individuals, lifetime prevalence was 34.4% [8]. The
reported prevalence of LBP varies substantially depending
on the case definition used [9].

The course of LBP is highly variable [10], and the most
appropriate description of LBP is based on its duration and
the quality of symptoms that accompany the pain [11]. LBP
is episodic or recurrent [12], with approximately 36% of
individuals who experience an episode of LBP presenting
with recurrence within one year [13]. Recurrence is as-
sociated with multiple treatments and work-related time
loss, which are costly to the individuals and to the society
[14]. LBP is the most important contributor to the Korean
disability-adjusted life years and the disease burden is
higher in females [15,16]. Well-validated risk prediction
models help to identify individuals at high risk of diseases
and suggestion of preventive measures.

1. Risk factors of LBP

Despite a high disease burden [17], the structural origin
of most back pain episodes is unknown, with a poor cor-
relation between symptoms and structural abnormalities
[18,19], and often considered non-specific [20]. Risk factors
associated with LBP include; female sex [21], older age [17],
smoking [22], psychological stress [23], depression [24],
education, occupation, income [25], high body weight [22],
physical inactivity [26], coronary artery disease (CAD) [27],
dyslipidemia [28], diabetes mellitus [29], disc degeneration
(DD) [30], history of back injury [31], previous episodes [32],
bone mineral density (BMD) disorders [33], spinal stenosis
[34], and spondylolisthesis [30].

2. Aims of the study

A 2018 systematic review by McIntosh et al. [35] reported
an absence of validated prediction models for LBP. There-
fore, we undertook this study to develop and validate pre-
diction models to estimate the 8-year risk of developing
LBP as well as the 5-year recurrence risk.

MATERIALS AND METHODS

We developed and validated risk prediction equations
based on guidelines stipulated by TRIPOD (transparent re-
porting of a multivariable prediction model for individual
prognosis or diagnosis) protocols [36].
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1. Study design and cohort description

A population based prospective study using data from Na-
tional Health Insurance Service-National Sample Cohort
was enrolled from 2002 to 2010. The data was comprised of
members from different professions and having different
demographic attributes, making it representative of the
general Korean population. This computerized database
contains longitudinal records of all claims data from ano-
nymised patients, including diagnostic codes, treatment
details, monthly insurance premiums, prescriptions, labo-
ratory clinical results, physician visits, and demographic
information. The database uses a disease diagnostic cod-
ing system based on the Korean Classification of Diseases,
Sixth Revision, which is compatible with international
classification of diseases, 10th revision, clinical modifica-
tion (ICD-10-CM) [37]. The detailed description of this co-
hort profile has been published elsewhere [38].

2. Data extraction and candidate predictors

Participants were assigned randomly to the derivation
and validation samples based on the split sample method
using a ratio of 2:1 [39]. Based on literature reviews and es-
tablished hypotheses, we extracted data on disease diag-
nosis, date of diagnosis, prescription, sex, age, insurance
premium as a proxy for income grade (socioeconomic sta-
tus), anthropometric measures, smoking status and alco-
hol consumption, physical activity, fasting blood glucose,
total cholesterol, blood pressure measures, days seeking
care (consultations), days of prescription (length of pre-
scription), days of hospitalization and premorbid condi-
tions (diabetes, CAD, hypertension [HTN] and DD, history
of back and hip injury, spinal stenosis, BMD disorders, and
spondylolisthesis). We used ICD-10-CM codes to extract
premorbid conditions such as diabetes (E10-E14), CAD
(120-125), HTN (110-115), intervertebral DD (IVDD) (M50-
M518), disorders of bone density and structure (M80-
M85), spinal stenosis (M480.0-M480.8), spondylolisthesis
(M4310-M4318), and injury of back, hip, and thigh (S130-
S139, $330-S3319, and S70-S79, respectively).

3. Assessment of covariates

Linear variables were assessed as both continuous and
categorical predictors; however, to construct simplified
risk scores, continuous predictors were categorized into
clinically meaningful groups. Body mass index (BMI) was
categorised as < 18.5 kg/m®, > 18.5 kg/m’ to 24.9 kg/m”’,
> 25 kg/m” to 29.9 kg/m®, and > 30 kg/m? blood pressure
or HTN status was categorised based on diastolic blood
pressure (DBP) and systolic blood pressure (SBP) as SBP
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< 120 mmHg and DBP < 80 mmHg, SBP > 120-139 mmHg
or DBP > 80-89 mmHg, SBP > 140-159 mmHg or DBP > 90-
99 mmHg, and SBP > 160 mmHg or DBP > 100 mmHg, or
medical utilisation due to HTN. Fasting blood glucose was
categorized as < 100 mg/dL, 100-125 mg/dL, and > 126 mg/
dL, or medical utilisation due to diabetes. Total cholesterol
was categorised as < 200 mg/dL, 200-239 mg/dL, and > 240
mg/dL. Smoking was grouped into those who had never
smoked, former smokers, and current smokers, and alco-
hol consumption was categorized into rare drinkers (< 2
times/mo), moderate drinkers (2-3 times/mo), and heavy
drinkers (> 4 times/mo). Physical activity levels were cat-
egorised based on frequency of physical activity per week
into low (none), moderately active (1-3 times/wk), and very
active (> 4 times/wk). Socioeconomic status was catego-
rised based on monthly insurance premiums, on a scale
of 100% to proxy income grade, into low (< 30%), medium
(30%-60%), and high (> 60%). Baseline age was categorised
as < 45 years, 45-54 years, 55-64 years, and > 65 years. We
imputed missing data using covariate values measured at
the nearest time points.

4, Outcomes and exclusion criteria

The primary outcome of interest was time to first diag-
nosis of LBP among LBP-free participants at baseline. We
used four categories of LBP ICD-10-CM codes, including
codes for LBP (M54.5, M54.50, M54.51, M54.52, M54.53,
M54.54, M54.55, M54.56, M54.57, M54.58, and M54.59),
codes for lumbago with sciatica (M54.4, M54.40, M54.41,
M54.42 M54.43, M54.44, M54.45, M54.46, M54.47, M54.48,
and M54.49), codes for sciatica (M54.3, M54.30, M54.31,
M54.32, M54.33, M54.34, M54.35, M54.36, M54.37, M54.38,
and M54.39) and unspecified dorsalgia (M54, M54.9,
M54.90, M54.91, M54.92, M54.93, M54.94, M54.95, M54.96,
M54.97, M54.98, and M54.99). The above categories have
been used in case definitions of LBP in other studies [40-
42]. The earliest recorded date for the LBP diagnosis was
the index date for the diagnosis, and participants with
history of LBP at baseline were excluded in the analysis
of the primary outcome. Participants with no recorded
LBP during follow-up were censored at the last recorded
date, death, or the study end date (December 31, 2010).
We defined person years at risk as the difference between
the entry date and the right censoring date. The second-
ary outcome was time to LBP recurrence within 5-years
following the index diagnosis in a consecutive cohort of
LBP patients. A recurrence was defined as an episode oc-
curring after at least 90 days from the index date of LBP
diagnosis. For recurrence, we defined person years at risk
as the difference between the initial date of LBP diagnosis
and the right censoring date, and LBP patients who never
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experienced a recurrence were censored at the last record-
ed date, death, or the end of the 5-year follow up period.

5. Statistical analysis

1) Models derivation

We used the Cox proportional hazards model to assess
associations between risk predictors and LBP. We first
conducted two analyses: univariate analysis and fully ad-
justed analysis adjusting for age, sex, income grade, smok-
ing status, physical activity, and alcohol consumption.
We checked the Cox proportional hazards assumptions
graphically and assessed the functional form of covari-
ates for linearity using cumulative martingale residu-
als, Schoenfeld residue plots, and the Kolmogorov-type
supremum test based on 1,000 simulation patterns. We
used hierarchical cluster analysis to select the most repre-
sentative variable for each cluster of correlated variables
and assessed estimated coefficients for predictors in the
univariate analysis to select representative predictors for
model derivation. The models were fitted and variables
retained if they were significant at o = 0.01 using the back-
ward selection procedure. To construct a risk score, the
estimated  coefficient for each variable was multiplied by
100 and rounded to the nearest integer, with the total score
obtained by a summation of the scores for each predictor.
The same model derivation approach was used in the deri-
vation of models for the primary and secondary outcomes.

2) Measures of predictive performance

We assessed calibration using the Hosmer-Lemeshow (H-
L) type y’ statistic as extended for survival data by Nam
and D’Agostino [43]. We calculated this statistic by divid-
ing the data into 10 groups (deciles) based on the predicted
probabilities, and the average predicted probabilities for
the deciles were compared to the actual risk probabilities
of LBP. The associated calibration graph was obtained. The
model discrimination was evaluated based on Harrell’s
C-statistic, a modification of the area under the receiver-
operating characteristic (ROC) curve adapted to survival
data [44], and also calculated the positive predictive value
(PPV), the negative predictive value (NPV), sensitivity and
specificity, and accuracy based on optimal cutoff values
determined by Youden’s index. In addition, the brier score
which simultaneously measures calibration and discrimi-
nation was calculated. All analyses were conducted using
SAS ver. 9.4 (SAS Institute Inc., Cary, NC), and R v.3.5.2 (R
Foundation, Vienna, Austria). This study was approved by
the Institutional Review Board of the Seoul National Uni-
versity (No. E1811/002-009).
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Table 1. Baseline Characteristics and Prevalence of Risk Factors in Cohort at Baseline (N = 435,968)

Derivation cohort (n=290,879)

Validation cohort (n = 145,089)

Covariate Without LBP With LBP Without LBP With LBP
P value P value
(n=195,315) (n=95,564) (n=97,257) (n=47,832)
Follow-up (yr) 84+12 52120 <0.001 84112 52+20 <0.001
Height (cm) 164.7 + 8.6 162.0+9.0 <0.001 164.7 + 8.6 161.9+9.0 <0.001
Weight (kg) 629+114 62.2+10.9 <0.001 629+114 62.0+10.8 <0.001
BMI (kg/m?) 231+33 23.6+3.2 <0.001 231+33 23.6+3.3 <0.001
SBP (mmHg) 121.8+16.9 123.7 £ 172 <0.001 121.8 £17.0 123.6+ 17.3 <0.001
DBP (mmHg) 770+115 778+114 <0.001 770+115 777+114 <0.001
Fasting blood glucose (mg/dL) 929 +28.6 94.9 +29.0 <0.001 929 +28.6 94.8 +28.9 <0.001
Total cholesterol (mg/dL) 189.9 + 38.6 194.4 +38.5 <0.001 189.8+384 1942+ 384 <0.001
Sex <0.001 <0.001
M 110,325 (56.5) 43,025 (45.0) 54,967 (56.5) 21,362 (44.7)
F 84,990 (43.5) 52,539 (55.0) 42,290 (43.5) 26,470 (55.3)
Age (yr) <0.001 <0.001
<45 137,778 (70.5) 48,080 (50.3) 68,566 (70.5) 24,180 (50.5)
4554 32,963 (16.9) 21,452 (22.4) 16,330 (16.8) 10,861 (22.7)
55-64 16,970 (8.7) 16,511 (17.3) 8,461 (8.7) 8,026 (16.9)
>65 7,604 (3.9) 9,521 (10.0) 3,900 (4.0) 4,765 (9.9)
Income/Insurance premium (%) <0.001 <0.001
Low (< 30) 28,157 (14.4) 14,545 (15.2) 13,816 (14.2) 7,408 (15.5)
Medium (30-60) 70,623 (36.2) 34,175 (35.8) 35,253 (36.3) 16,982 (35.5)
High (> 60) 96,535 (49.4) 46,844 (49.0) 48,188 (49.5) 23,442 (49.0)
Physical activity (times/wk) <0.001 <0.001
Low (none) 110,840 (56.8) 57,097 (59.8) 55,485 (57.0) 28,622 (59.8)
Moderate (1-3) 72,319 (37.0) 32,749 (34.3) 35,674 (36.7) 16,350 (34.2)
High (> 4) 12,156 (6.2) 5,718 (5.9) 6,098 (6.3) 2,860 (6.0)
Smoking status <0.001 <0.001
Never 120,959 (61.9) 67,877 (71.0) 60,189 (61.9) 34,035 (71.2)
Former smoker 9,444 (4.9) 3,880 (4.1) 4,738 (4.9) 1,932 (4.0)
Current smoker 64,912 (33.2) 23,807 (24.9) 32,330(33.2) 11,865 (24.8)
Alcohol consumption (times/wk) <0.001 <0.001
Rarely (< 2) 90,872 (46.5) 52,473 (54.9) 45,327 (46.6) 25,976 (54.3)
Moderate drinker (2-3) 86,181 (44.1) 35,873 (37.5) 42,745 (44.0) 18,125 (37.9)
Heavy drinker (> 4) 18,262 (9.4) 7,218 (7.6) 9,185 (9.4) 3,731(7.8)
BMI (kg/m?) <0.001 <0.001
<185 14,019 (7.2) 4,728 (4.9) 6,906 (7.1) 2,354 (4.9)
18.5-24.9 128,129 (65.6) 59,985 (62.8) 64,085 (65.9) 30,216 (63.2)
25.0-29.9 48,482 (24.8) 28,010 (29.3) 24,020 (24.7) 13,801 (28.9)
>30.0 4,685 (2.4) 2,841 (3.0) 2,246 (2.3) 1,461 (3.1)
Total cholesterol (mg/dL) <0.001 <0.001
<200 120,099 (61.5) 54,205 (56.7) 59,908 (61.6) 27,255 (57.0)
200-239 55,153 (28.2) 29,725 (31.1) 27,582 (28.4) 14,841 (31.0)
>240 20,063 (10.3) 11,634 (12.2) 9,767 (10.0) 57,36 (12.0)
Fasting blood glucose/Diabetes (mg/dL) <0.001 <0.001
<100 125,157 (64.1) 58,422 (61.1) 62,381 (64.1) 29,355 (61.4)
100-125 48,272 (24.7) 24,980 (26.2) 24,009 (24.7) 12,385 (25.9)
>126 or Tx 21,886 (11.2) 12,162 (12.7) 10,867 (11.2) 6,092 (12.7)
Blood pressure/HTN (mmHg) <0.001 <0.001
SBP < 120 and DBP < 80 76,923 (39.4) 34,366 (35.9) 38,441 (39.5) 17,341 (36.3)
SBP 120-139 or DBP 80-89 98,598 (50.5) 49,866 (52.2) 48,715 (50.1) 24,829 (51.9)
SBP 140-159 or DBP 90-99 17,676 (9.0) 10,110 (10.6) 9,021 (9.3) 4,994 (10.4)
SBP > 160 or DBP > 100 or Rx 2,118 (1.1) 1,222 (1.3) 1,080 (1.1) 668 (1.4)
Diagnosed IHD <0.001 <0.001
No 193,983 (99.3) 94,223 (98.6) 96,543 (99.3) 47,159 (98.6)
Yes 1,332(0.7) 1,341 (1.4) 714 (0.7) 673 (1.4)
Diagnosed IVDD <0.001 <0.001
No 188,344 (96.4) 86,792 (90.8) 93,814 (96.5) 43,393 (90.7)
Yes 6,971 (3.6) 8,772 (9.2) 3,443 (3.5) 4,439 (9.3)
History of back injuries <0.001 <0.001
No 194,695 (99.7) 94,824 (99.2) 96,918 (99.6) 47,444 (99.2)
Yes 620 (0.3) 740 (0.8) 339(0.4) 388(0.8)
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Table 1. Continued

Derivation cohort (n=290,879) Validation cohort (n = 145,089)
Covariate Without LBP With LBP Without LBP With LBP
P value P value
(n=195,315) (n=95,564) (n=97,257) (n=47,832)
BMD disorders <0.001 <0.001
No 191,838 (98.2) 90,198 (94.4) 95,531 (98.2) 45,183 (94.5)
Yes 3,477 (1.8) 5,366 (5.6) 1,726 (1.8) 2,649 (5.5)
Spinal stenosis <0.001 <0.001
No 194,495 (99.6) 93,948 (98.3) 96,829 (99.6) 46,996 (98.2)
Yes 820 (0.4) 1,616 (1.7) 428 (0.4) 836 (1.8)
Spondylolisthesis <0.001 <0.001
No 195,251 (99.97) 95,435 (99.9) 97,221 (99.96) 47,769 (99.87)
Yes 64 (0.03) 129 (0.1) 36 (0.04) 63(0.13)

Values are presented as mean * standard deviation or number (%).

LBP: low back pain, BMI: body mass index, Tx: medication due to diabetes, HTN: hypertension, Rx: medication due to HTN, SBP: systolic blood pressure,
DBP: diastolic blood pressure, IHD: ischemic heart disease, IVDD: intervertebral disc degeneration, BMD: bone mineral density.

RESULTS
1. Cohort baseline characteristics

The extracted data consisted of 502,342 participants. We
excluded 66,374 participants who had experienced at
least one episode of LBP before 1st January 2004. During
the median follow-up of 8.4 years (2.0-8.9 yr), there were
95,564 (32.9%) and 47,832 (33.0%) newly diagnosed (first
onset) LBP cases among 290,879 and 145,089 participants
in the derivation and validation cohorts, respectively. The
total number of person-years of follow-up was 3,205,271
years. The mean (standard deviation) of the covariates
and the distribution of the baseline characteristics among
cohorts are presented in Table 1. There were no discrepan-
cies between the derivation and validation cohorts. How-
ever, there was a significant difference in baseline char-
acteristics between those who developed and those who
did not develop LBP (P < 0.001; Table 1). A total of 143,396
(32.9%) participants who experienced at least one LBP epi-
sode were randomly assigned to the derivation and valida-
tion cohorts at a ratio of 2:1. During a median follow-up of
2.9 years (1.7-5.0 yr), there were 61,494 (64.2%) and 30,668
(64.4%) cases of recurrent LBP among 95,763 and 47,633
participants in the derivation and validation cohorts, re-
spectively (Supplementary Table 1).

2. Model derivation

The covariates assessed in the derivation of the risk pre-
diction model for the primary outcome consisted of age,
sex, income grade, smoking status, alcohol consumption,
physical activity, BMI, fasting blood glucose/diabetes,
blood pressure/HTN, total cholesterol, IVDD, history of
back injury, spinal stenosis, history of BMD disorders, and
spondylolisthesis. Table 2 and Supplementary Table 2
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presents the estimated coefficients and hazard ratios (HRs)
for each covariate in the univariate and adjusted analy-
ses of the primary and secondary outcomes, respectively.
Based on univariate associations and after an assessment
of multicollinearity, a total of 15 covariates that were sig-
nificantly associated with LBP were assessed in the model
derivation and retained if they were significant at o. = 0.01.
Newly diagnosed (first onset) LBP was predicted by 11
variables including DD, sex, age, socioeconomic status,
physical exercise, alcohol consumption, BMI, total cho-
lesterol, HTN, spinal stenosis, and BMD disorders. Table
3 presents the estimated coefficients and HRs for predic-
tors in the parsimonious model, which were retained from
multivariate analysis at o. = 0.01 using the backward selec-
tion procedure. In the right-most column of the table are
the points associated with the presence of a given level of
arisk factor (with the reference level assigned zero points).
The 5-year LBP recurrence was predicted by seven vari-
ables including age, sex, income grade, and BMI, IVDD,
spondylolisthesis, and total number of days of prescription
(Supplementary Table 3).

3. Model performance evaluation

Table 4 and Supplementary Table 4 present the model
discrimination and calibration for the primary outcome
and secondary outcomes, respectively. In the validation
cohorts, the prediction models discriminated between pa-
tients with and without LBP or recurrence with Harrell’s C-
statistic of 0.812 (95% confidence interval [CI], 0.804-0.820)
and 0.916 (95% CI, 0.907-0.924), for the newly diagnosed
LBP and 5-year recurrence models, respectively. The
calibration based on the Hosmer-Lemeshow (Nam and
D’Agostino test) was (y° = 7.6178, P = 0.3407) and (° = 1.3981,
P =0.8752) in the validation cohorts, respectively [43]. The
Nam-D’Agostino test evaluates model calibration; a large

Korean J Pain 2020;33(2):153-165
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Table 2. HR, 95% Cl, and B-Coefficients for Risk Predictors in the Univariate Analysis and Adjusted Analysis
Unadjusted® Adjusted®
Covariate
B (SE) HR (95% Cl) P value f3 (SE) HR (95% Cl) P value

Sex

F 0.351 (0.005) 1.42 (1.41-1.44) <0.001 0.331 (0.007) 1.39 (1.37-1.41) <0.001
Age (yr)

<45 Reference Reference Reference Reference

4554 0.501 (0.007) 1.65 (1.63-1.67) <0.001 0.505 (0.007) 1.66 (1.63-1.68) <0.001

55-64 0.805 (0.007) 2.24 (2.21-2.27) <0.001 0.810 (0.008) 2.25(2.22-2.28) <0.001

>65 1.07 (0.009) 2.91 (2.86-2.97) <0.001 1.061 (0.009) 2.89 (2.84-2.94) <0.001
Income/Insurance premium (%)

High (> 60) Reference Reference Reference Reference

Medium (30-60) 0.001 (0.006) 1.00 (0.99-1.01) 0.8166 0.054 (0.006) 1.06 (1.04-1.07) <0.001

Low (< 30) 0.065 (0.008) 1.07 (1.05-1.08) <0.001 0.029 (0.008) 1.03 (1.01-1.05) <0.001
Physical activity (times/wk)

High (= 4) Reference Reference Reference Reference

Moderate (1-3) -0.028 (0.012) 0.97 (0.95-0.99) <0.001 -0.006 (0.012) 0.99 (0.97-1.02) 0.0012

Low (none) 0.074 (0.011) 1.08 (1.05-1.10) <0.001 0.005 (0.011) 1.01(0.98-1.03) 0.0693
Smoking status

Never Reference Reference Reference Reference

Former -0.248 (0.014) 0.78 (0.76-0.80) <0.001 -0.007 (0.014) 0.99 (0.97-1.02) 0.6060

Current smoker -0.331 (0.006) 0.72(0.71-0.73) <0.001 -0.016 (0.008) 0.98 (0.96-1.00) 0.0519
Alcohol consumption (times/mo)

Rarely (< 2) Reference Reference Reference Reference

Moderate (2-3) -0.253 (0.006) 0.78 (0.77-0.79) <0.001 -0.031 (0.006) 0.97 (0.96-0.98) <0.001

Heavy (> 4) -0.287 (0.010) 0.75(0.74-0.77) <0.001 -0.007 (0.011) 0.99 (0.97-1.01) 0.5157
BMI (kg/m?)

<185 -0.278 (0.012) 0.76 (0.74-0.78) <0.001 -0.24452 (0.013) 0.783(0.764-0.802) < 0.001

18.5-24.9 Reference Reference Reference Reference

25.0-29.9 0.160 (0.006) 1.17 (1.16-1.19) <0.001 0.105 (0.006) 1.11(1.10-1.12) <0.001

>30.0 0.211 (0.016) 1.24 (1.20-1.27) <0.001 0.134 (0.016) 1.14 (1.11-1.18) <0.001
Total cholesterol (mg/dL)

<200 Reference Reference Reference Reference

200-239 0.141 (0.006) 1.15(1.14-1.17) <0.001 0.035 (0.006) 1.04 (1.02-1.05) <0.001

>240 0.202 (0.008) 1.22 (1.20-1.24) <0.001 0.007 (0.009) 1.01(0.99-1.02) 0.4208
Fasting blood glucose (mg/dL)

<100 Reference Reference Reference Reference

100-125 0.082 (0.006) 1.09 (1.07-1.10) <0.001 0.008 (0.006) 1.01 (1.00-1.02) 0.1885

> 126 or Tx 0.139 (0.008) 1.15(1.13-1.17) <0.001 -0.018 (0.008) 0.98 (0.97-0.99) 0.0318
Diagnosed HTN (mmHg)

SBP < 120 and DBP < 80 Reference Reference Reference Reference

SBP 120-139 or DBP 80-89 0.110 (0.006) 1.12(1.10-1.13) <0.001 0.028 (0.006) 1.03 (1.02-1.04) <0.001

SBP 140-159 or DBP 90-99 0.200 (0.009) 1.22 (1.20-1.24) <0.001 -0.010 (0.010) 0.99 (0.97-1.01) 0.2894

SBP > 160 or DBP > 100 or Rx  0.244 (0.023) 1.28 (1.22-1.34) <0.001 -0.043 (0.024) 0.96 (0.92-1.00) 0.0706
BMI (kg/m?) 0.037 (0.0008)  1.037 (1.036-1.039) <0.001 0.027 (0.00082) 1.027 (1.025-1.029) <0.001
Fasting blood glucose (mg/dL) 0.002 (0.00009) 1.002 (1.002-1.002) <0.001 -0.00004 (0.00009) 1.000 (1.000-1.000)  0.6896
Total cholesterol (mg/dL) 0.002 (0.00007) 1.002 (1.002-1.003) < 0.001 0.0004 (0.00007)  1.000 (1.000-1.001) < 0.001
SBP (mmHg) 0.006 (0.00015) 1.006 (1.005-1.006) < 0.001 0.0005 (0.0002) 1.000 (1.000-1.001)  0.0048
DBP (mmHg) 0.005 (0.0002)  1.005 (1.004-1.005) < 0.001 0.0006 (0.00024) 1.001 (1.000-1.001)  0.0081
Premorbid diseases

History of diabetes 0.474 (0.012) 1.61 (1.57-1.65) <0.001 0.111 (0.013) 1.12 (1.09-1.15) <0.001

History of hypertension 0.530 (0.008) 1.70 (1.67-1.73) <0.001 0.101 (0.009) 1.11(1.09-1.13) <0.001

Diagnosed IHD 0.542 (0.022) 1.72 (1.65-1.80) <0.001 0.177 (0.023) 1.19(1.14-1.25) <0.001

Diagnosed IVDD 0.781 (0.009) 2.18(2.14-2.22) <0.001 0.587 (0.009) 1.80 (1.77-1.83) <0.001

History of back injury 0.680 (0.030) 1.97 (1.86-2.09) <0.001 0.541 (0.030) 1.72 (1.62-1.82) <0.001

Spinal stenosis 1.07 (0.020) 2.93(2.81-3.05) <0.001 0.591 (0.021) 1.81(1.74-1.88) <0.001

BMD disorders 0.887 (0.012) 2.43(2.37-2.48) <0.001 0.383(0.012) 1.47 (1.43-1.50) <0.001

Spondylolisthesis 0.979 (0.072) 2.66 (2.31-3.07) <0.001 0.563(0.072) 1.76 (1.52-2.02) <0.001

HR: hazard ratio, Cl: confidence interval, SE: standard error, BMI: body mass index, Tx: medication due to diabetes, HTN: hypertension, SBP: systolic
blood pressure, DBP: diastolic blood pressure, Rx: medication due to HTN, IHD: ischemic heart disease, IVDD: intervertebral disc degeneration, BMD:
bone mineral density.

“Univariate analysis. "Fully adjusted accounting for age, sex, income grade, physical activity, smoking status, alcohol consumption, and each of the other
risk factors (fasting blood glucose/diabetes, total cholesterol, blood pressure/HTN, prior history of [diabetes, HTN, IHD, IVDD, history of back injury, spinal
stenosis, BMD disorders, spondylolisthesis]).
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Table 3. HR, 95% Cl, and p-Coefficients for Risk Predictors in the Parsimonious Prediction Models of LBP (Primary Outcome)

Covariate B (SE) HR (95% Cl) P value Risk point”

Sex

M Reference Reference 0

F 0.315 (0.008) 1.37 (1.35-1.39) <0.001 32
Age (yr)

<45 Reference Reference 0

4554 0.437 (0.009) 1.55 (1.52-1.58) <0.001 44

55-64 0.729 (0.010) 2.07 (2.04-2.11) <0.001 73

>65 0.979 (0.012) 2.66 (2.60-2.72) <0.001 98
Income/Insurance premium (%)

High (> 60) Reference Reference 0

Medium (30-60) 0.063 (0.008) 1.07 (1.05-1.08) <0.001 6

Low (< 30) 0.036 (0.010) 1.04 (1.02-1.06) <0.001 4
Physical activity (times/wk)

High (= 4) Reference Reference 0

Moderate (1-3) -0.007 (0.014) 0.99 (0.97-1.02) 0.0030 -1

Low (none) 0.017 (0.014) 1.02 (0.99-1.05) 0.0589 2
Alcohol consumption (times/mo)

Rarely (< 2) Reference Reference 0

Moderate drinker (2-3) -0.041 (0.008) 0.96 (0.95-0.97) <0.001 -4

Heavy drinker (> 4) -0.021(0.013) 0.98 (0.95-1.01) 0.1243 -2
BMI (kg/m?)

<185 -0.231(0.015) 0.79 (0.77-0.82) <0.001 -23

18.5-24.9 Reference Reference 0

25.0-29.9 0.104 (0.007) 1.11(1.09-1.13) <0.001 10

>30 0.121 (0.019) 1.13 (1.09-1.17) <0.001 12
Blood pressure/HTN

SBP < 120 and DBP < 80 Reference Reference 0

SBP 120-139 or DBP 80-89 0.0004 (0.007) 1.00 (0.99-1.02) 0.9570 0

SBP 140-159 or DBP 90-99 -0.036 (0.012) 0.97 (0.94-0.99) 0.0031 -4

SBP > 160 or DBP > 100 or Rx -0.082 (0.030) 0.92 (0.87-0.98) 0.0054 -8
Total cholesterol (mg/dL)

<200 Reference Reference 0

200-239 0.014 (0.007) 1.01(1.00-1.03) 0.0513 1

>240 -0.029 (0.011) 0.97 (0.95-0.99) 0.0053 -3
Diagnosed IVDD

No Reference Reference 0

Yes 0.532(0.012) 1.70 (1.67-1.74) <0.001 53
Spinal stenosis

No Reference Reference 0

Yes 0.207 (0.028) 1.23 (1.17-1.30) <0.001 21
History of BMD disorders

No Reference Reference 0

Yes 0.254 (0.016) 1.29 (1.25-1.33) <0.001 25

HR: hazard ratio, CI: confidence interval, LBP: low back pain, SE: standard error, BMI: body mass index, HTN: hypertension, SBP: systolic blood pressure,
DBP: diastolic blood pressure, Rx: medication due to HTN, IVDD: intervertebral disc degeneration, BMD: bone mineral density.
°Risk predictors retained in the models at o = 0.01 level of significance using backward selection procedure; The risk points were calculated by multiply-

ing the estimated coefficients by 100 and rounding to the next integer.

P value (> 0.05) indicates a good match of predicted risk
over observed risk. The Harrell’s C-statistic corresponds
to the area(s) under the time-dependent ROC curves, with
avalue of C = 0.5 corresponding to a non-informative pre-
diction model, whereas C = 1.0 corresponds to perfect pre-
diction. The brier score measures both discrimination and
calibration with values ranging from 0.0 to 1.0, with lower
values indicating better performance. In the validation
cohorts, brier scores were 0.294 and 0.398 for the primary
and secondary outcomes, respectively.

The Youden’s ] statistic suggested a risk probability of

www.epain.org

> 0.795 and > 0.430 as the optimal cutoff points to define
high-risk individuals based on the derived prediction
equations for the first onset of LBP and 5-year recurrence
models, respectively. These thresholds showed an accu-
racy of 0.786, PPV of 0.825, and NPV of 0.777, and an accu-
racy of 0.694, PPV of 0.724, and NPV of 0.617 in the valida-
tion cohorts of first onset and 5-year recurrence models,
respectively. The details of other model performance
measures for the low back pain onset and recurrence pre-
diction models and simplified risk scores are presented
in Table 4 and Fig. 1, Supplementary Fig. 1, as well as in

Korean J Pain 2020;33(2):153-165
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Table 4. Discrimination and Calibration of Models in Derivation and Validation Cohorts (Primary Outcome)

Model and risk score performance metrics

Derivation cohort

Validation cohort

Model based performance
Brier score®
Nam-D’Agostino test’
Harrell’s C statistic (95% Cl)°
Sensitivity (95% Cl)
Specificity (95% Cl)
Positive predictive value (95% Cl)
Negative predictive value (95% Cl)
Accuracy (95% Cl)

Risk score performance
Sensitivity (95% Cl)
Specificity (95% Cl)
Positive predictive value (95% Cl)
Negative predictive value (95% Cl)
Accuracy (95% Cl)

0.293

2 =75930, P =0.3031
0.810 (0.805-0.816)
0.442 (0.439-0.446)
0.954 (0.953-0.955)
0.825 (0.822-0.828)
0.777 (0.776-0.778)
0.786 (0.784-0.787)

0.209 (0.207-0.212)
0.928 (0.927-0.929)
0.590 (0.585-0.595)
0.705 (0.704-0.705)
0.692 (0.690-0.693)

0.294
¥’ = 76178, P = 0.3407
0.812 (0.804-0.820)
0.443 (0.438-0.447)
0.954 (0.953-0.956)
0.825 (0.821-0.830)
0.777 (0.776-0.779)
0.786 (0.784-0.788)

0.211 (0.207-0.215)
0.929 (0.928-0.931)
0.597 (0.590-0.604)
0.705 (0.704-0.706)
0.693 (0.690-0.695)

Cl: confidence interval.

Measures both discrimination and calibration; lower values indicate higher accuracy. "A modification of Hosmer-Lemeshow test suited for survival data;
measure of calibration that is specific to censored survival data (lower X2 and higher P values) indicate better calibration. °A measure of discrimination for

which higher values indicate better discrimination.

1.00 7

0.75

0.50 P

Sensitivity

0.25 A -7

Observed probability of
developing LBP

0.75

0.50 A

Sensitivity

0.25 A

0.00 0.25 0.50
1-Specificity

0.75 1.00

o

Observed probability of
developing LBP

0.00 0.25 0.50
1-Specificity

0.75 1.00

0.4 0.6

Predicted probability of developing LBP

0.4 0.6

Predicted probability of developing LBP

Fig. 1. Discrimination and calibration plots in the derivation and validation cohorts for low back pain (LBP) primary outcome model. (A, C) Discrimination.

(B, D) Calibration.
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Supplementary Table 4 [43].

4, Prediction equations

Basing on the parsimonious models, individualized
probability of developing LBP within the years of follow-
up (b = 8 yr), or its recurrence ( = 5 yr) for an individual
with covariate values y = (y,, ....., y) for K risk factors can
be estimated using the following equation:

P(LBP) = 1—S,(t)e** U], where

flx) = Z Bixi

So(b) is the baseline survival probability at time (t) for an
individual with all covariates equivalent to zero (0), and
the B; are the estimated coefficients from the Cox propor-
tional hazard models. Using the estimated coefficients f3;
and survival probabilities So(t), personalized probabilities
of developing LBP or its recurrence can be calculated.

5. Simplified risk score for the primary outcome

The observed minimum and maximum sum of risk points
were -33 and 249, respectively. The median risk score was
36, while the 25th and 75th percentiles were 7 and 75, re-
spectively. The Youden'’s ] statistic suggested a risk score of
> 103 as the optimal cutoff point to define high-risk indi-
viduals based on the simplified risk score. This threshold
showed an accuracy of 0.693, NPV of 0.705, and PPV of
0.597 in the validation cohort.

6. Simplified risk score for the secondary outcome

The observed minimum and maximum sum of risk points
were -14 and 120, respectively. The median risk score was
23, while the 25th and 75th percentiles were 7 and 45, re-
spectively. The Youden’s ] statistic suggested a risk score of
> 4 as the optimal cutoff point to define high-risk individu-
als based on the 5-year recurrence simplified risk score.
This threshold showed an accuracy of 0.628, PPV of 0.646,
and NPV of 0.499 in the validation cohort.

7. Practical application of the risk score for first onset
LBP

Based on Table 5, the following example illustrates how
LBP risk can be estimated using the simplified points sys-
tem.

Case: A 52-year-old female with an income grade of
30%-60%, who is a moderate drinker (2-3 times/mo) with

www.epain.org

low physical exercise (none), obese (BMI > 30 kg/m?), with
normal blood pressure (SBP < 120 mmHg and DBP < 80
mmHg) and normal total cholesterol (< 200 mg/dL), with-
out spinal stenosis but with IVDD and BMD disorders can
have her probability of LBP estimated, based on the point
system, as follows:

P(LBP) =1- So(t)exp [(score/100)]
=1-— (0.6334)exp [(170/100)] =0.918
The So(t) is the baseline survival probability at time (t = 8
yr) for an individual with all covariates equivalent to zero,
which was estimated by Cox regression analysis.

8. Practical application of the 5-year LBP recurrence
risk score

Based on Supplementary Table 5, the following example
illustrates how the 5-year LBP recurrence risk can be esti-
mated using the simplified points system.

Case: A 36-year-old female with income grade of 30%-
60%, low BMI (< 18.5 kg/m?), without a history of IVDD but
with a previous diagnosis of spondylolisthesis and who
receive low back treatment for more than 8 days during
the initial LBP episode can have her probability of 5-year
LBP recurrence estimated, based on the point system, as
follows:

P(Five yr LBP recurrene) = 1 — S, (t)e*P [(score/100)]
=1 — (0.2704)°xp [(36/100)] =0.847
The So(b) is the baseline survival probability at time (b =5
yr) for an individual with all covariates equivalent to zero,
which was estimated by Cox regression analysis. The beta
coefficient was set to an integer by multiplying by 100, and
also was tabulated for both outcomes (Table 3 and Supple-
mentary Table 3). Thus, in an actual calculation, the sum
of risk scores should be divided by 100 to give an overall
risk estimate. The examples shown above are thus divided
by 100 to give the 8-year risk and 5-year recurrence risk,
respectively.

DISCUSSION

This study was based on a large, representative Korean
population with data obtained from a well-established na-
tional cohort [38]. The prevalence of LBP in this study was
comparable with previous studies [6-9,45]. Risk prediction
equations based on general medical practice data are eas-
ily implemented in medical practice [46], and we believe
our results are applicable to the general Korean popula-
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Table 5. Calculated Score for a Hypothetical Example of a LBP Risk Pro-
file

Risk factor Value Point
Sex F 32
Age (yr) 45-54 44
Insurance premium/Income Medium (30-60) 6

grade (%)

Physical activity Low (none) 2
Alcohol consumption (times/mo) Moderate drinker -4
BMI (kg/m?) >30 12
Blood pressure/HTN (mmHg) SBP < 120 and DBP < 80 0
Total cholesterol (mg/dL) <200 0
Diagnosed IVDD Yes 53
Spinal stenosis No 0
BMD disorders Yes 25
Total point 170
Estimate of risk 0.918

So(t) = 0.6334.
LBP: low back pain, BMI: body mass index, HTN: hypertension, IVDD: in-
tervertebral disc degeneration, BMD: bone mineral density.

tion. LBP is predictable and individuals can reduce their
risks by modification of lifestyle risk factors and managing
associated premorbidities. These equations were derived
from a variety of candidate predictors, including demo-
graphics, anthropometrics, premorbid conditions, and
several clinical measurements which individuals and
clinicians are likely to know, which makes them easily ap-
plicable.

The prediction model of first onset LBP consisted of
age, sex, and income grade, alcohol consumption, physi-
cal exercise, BM]I, total cholesterol, blood pressure, BMD
disorders, DD, and spinal stenosis. The model of the
5-year recurrence risk was comprised of age, sex, income
grade, BMI, spondylolisthesis, DD, and days of prescrip-
tion. Based on the simplified risk scores, age, DD, and
sex conferred the highest risk points for LBP onset, with
maximum possible risk points of 98, 53, and 32, respec-
tively, whereas age, spondylolisthesis, and DD conferred
the highest risk for recurrence with 51, 34, and 16 risk
points, respectively. Low BMI, moderate physical activity,
moderate alcohol consumption, and high blood pressure
or antihypertensive medication were inversely associated
with LBP onset in the multivariate analysis (P < 0.01; Table
3). However, most risk factors associated with complex
diseases have weaker associations. Therefore, although
some risk factors showed weak associations, they may sig-
nificantly contribute to LBP pathogenesis.

The equations showed excellent calibration with good
agreement between observed and predicted risk, which is
extremely important with respect to making decisions in
clinical practice. Furthermore, the models showed good
discrimination abilities with Harrell’s C-statistic of 0.812
(95% CI, 0.804-0.820) and 0.916 (95% CI, 0.907-0.924) in val-

Korean J Pain 2020;33(2):153-165

idation cohorts of LBP onset and 5-year recurrence mod-
els, respectively. The equations may be useful in inform-
ing clinicians and patients about LBP risks, the prognosis
of initial episodes and prevention strategies. Knowledge
of personalized risk can motivate individuals to reduce
their risks through appropriate interventions, thereby
promoting population health and reducing societal and
personal costs. The equations can be used when a clini-
cian counsels individuals after a routine check-up by pro-
viding information regarding their risk profile and giving
the precise probability of LBP or its recurrence. This will
motivate lifestyle modifications and promote adherence to
the treatment of some premorbidities which are predictive
of LBP. Reducing risk factors associated with metabolic
syndrome (MetS), proper and regular therapy for individu-
als with MetS and management of BMD disorders can
reduce LBP risk. Furthermore, lifestyle modification can
reduce LBP risk conferred through MetS components by
prevention of complications from obesity, HTN, and dys-
lipidemia. The equations will also improve self-awareness
regarding overall health status because some predictors in
the models are also predictive of other health outcomes. In
addition, since some modifiable risk predictors are predic-
tive of recurrence, chronicity, and disability, the models
may be somewhat useful in the motivation of individuals
with a recent onset of LBP to adjust their lifestyle and re-
duce the risk of developing the chronic form or recurrence
and associated disability. This can subsequently reduce
personal and societal costs associated with LBP.

There is a lack of prospective studies attempting to de-
rive and validate LBP risk models [35], especially using
routinely collected data. Previous studies have developed
prediction models from occupation cohorts [42], among
acute LBP patients in relation to developing chronic LBP
(CLBP) [47], and based on pain trajectories [48], among
others. These studies were comprised of few participants,
fewer cases, considered ergonomics and occupation re-
lated variables, and did not incorporate routinely collected
medical data. Here, we have developed and validated pre-
diction equations and simplified risk scores to estimate
future risk of LBP and its recurrence among apparently
healthy individuals at baseline, in a large cohort using data
from general medical practice. This makes our prediction
equations more applicable to the general population, and
able to distinguish individuals at risk in medical practice
compared to these algorithms. In addition, the equations
performed well in terms of discrimination and calibration.
However, the derived equations cannot be a substitute for
clinical expertise, but rather augment precision in clinical
decision making. We believe that knowledge of personal-
ized risk as well as the general health status of a patient
with respect to LBP risk, as well as expert knowledge from
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clinicians will create a much more comprehensive picture
than either one alone. The information for predictors in
the derived equations can easily be obtained in clinical
practice, and the points system is simple to use.

This study has the strengths of representativeness, dura-
tion of follow-up, adequate sample size, and lack of recall,
respondent, and selection bias. The ICD-10-CM diagnostic
codes in the Korean National Health Insurance database
were evaluated and found to have good concordance with
the actual health status of the individuals, based on medi-
cal charts and reports [49]. This study is based on a wide
range of risk predictors that can be applied in medical
practice, and which individuals are likely to know. How-
ever, our study is limited because we did not incorporate
psychosocial factors, genetics, and ergonomics related
variables because these are not routinely collected in
general practice. In addition, a low medical care-seeking
behavior has been reported among LBP patients [50], with
care-seeking more common in women, individuals with
poor general health, and those with more disabling or
more painful episodes [50]. Therefore, it is possible that
some individuals did not seek medical services for LBP,
and therefore were possibly missed in some cases. Never-
theless, the LBP prevalence in this study was comparable
with a previous study conducted in Korea [8]. However, we
used the same underlying population for model derivation
and validation; thus, careful considerations are necessary
in generalizing these results to other populations.

We have developed and validated risk prediction equa-
tions and simplified risk scores to estimate LBP risk in a
nationwide sample cohort using data from general medi-
cal practice. The models showed good discrimination in
identifying individuals at risk of developing LBP and its
recurrence. To our knowledge, this study is the first na-
tionwide cohort study that has attempted to derive and
validate LBP risk prediction models using routinely col-
lected health data. These models will improve individual
decision-making, especially motivation for lifestyle modi-
fications, guide physicians in practice, and define groups
at high risk for LBP. We recommend further studies to
validate and update these prediction models using cohorts
from other populations and to incorporate other predic-
tors in other settings.
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