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Abstract 

Background To describe the societal costs during one year of follow-up among older adults seeking chiropractic 
care due to a new episode of low back pain (LBP), and to determine what factors predict high societal costs in this 
population.

Methods Prospective cohort study, within chiropractic private practices (n = 38) in the Netherlands. 223 people ≥ 55 
years of age with a new episode of LBP seeking chiropractic care participated. The primary outcome was total societal 
costs. High societal costs were defined as patients with costs in the top 20th percentile. The final prediction models were 
obtained using forward selection. Results were presented for the total population and stratified for retirement status. The 
model’s prognostic accuracy (Hosmer–Lemeshow  X2, Nagelkerke’s  R2) and discriminative ability [area under the receiver 
operating curve (AUC)] were assessed, and the models were internally validated using bootstrapping.

Results The mean total annual societal cost per patient was €5297 [95% confidence interval (CI): 4191–6403]. The 
biggest cost driver was presenteeism (65% of total costs), and costs were higher among non-retired participants 
(€7759; 95% CI 6047–9470) than retired participants (€1892; 95% CI 1088–2695). In the total population, younger 
age [odds ratio (OR): 0.87 for each additional year; 95% CI 0.80–0.95], being male instead of female (OR 2.96; 95% CI 
1.19–7.44), less alcohol intake (OR 0.49; 95% CI 0.20–1.19), working instead of retirement (OR 9.37; 95% CI 1.83–48.04), 
and more disability at baseline (OR 1.08; 95% CI 1.00–1.16) were found to be predictive of high societal costs. Working 
was found to be the strongest predictor for high societal costs. After internal validation, the model’s fit was good, it’s 
explained variance was moderate (28%) and their AUCs could be interpreted as moderate (0.85). For non-pensioners, 
the same predictive factors were identified as for the entire population. The costs for the retired participants showed 
too little variation to be able to predict high costs.

Conclusions This study estimated the mean total annual societal cost of older adults seeking chiropractic care due 
to a new episode of LBP at €5297 (95% CI 4191–6403).These costs were mainly due to high levels of presenteeism, 
and extensively differed based upon work status.
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Introduction
Low back pain (LBP) is a major cause of sickness absence, 
work disability, reduced productivity, and early retire-
ment [1, 2]. LBP and its related sickness absence are asso-
ciated with significant costs for individuals and society, 
which are expected to increase during the upcoming dec-
ades due to the aging population [3]. Despite this, there 
is limited information about the clinical trajectory and 
societal ramifications of LBP in older adults compared to 
their younger counterparts.

LBP ranks among the most prevalent complaints 
encountered in primary care. For primary care provid-
ers (e.g. physiotherapists, chiropractors) it is important 
to identify risk factors that are associated with higher 
costs in older adults with LBP. If such factors are iden-
tified and known, targeted interventions can be offered 
before incurring substantial avoidable costs and a decline 
in health status. The Commonwealth Fund (2012) under-
lines the importance of addressing high-cost users with 
chronic conditions [4]. A recent study in the Netherlands 
identified factors associated with high societal costs 
among people with chronic LBP, including poor physical 
health, high functional disability, low health-related qual-
ity of life, high impact of pain experience, and non-Dutch 
nationality [5]. However, older people with LBP might 
have different cost-patterns in comparison to younger 
people with LBP (e.g. due to their retirement and/or co-
morbidities). Therefore, it is important to identify the 
possible risk factors for high costs in older adults with 
LBP as well.

To improve use of scarce resources and thus to reduce 
the burden on our healthcare systems, research has high-
lighted the importance of monitoring and understanding 
healthcare utilisation and costs related to LBP for older 
adults [6]. Improving our understanding of this popula-
tion and the course of their LBP and costs related to their 
LBP may provide valuable input for studies regarding the 
effectiveness and cost-effectiveness of chiropractic care.

This study investigates factors associated with high 
costs of LBP in older adults using the BAck Complaints 
in the Elders-Chiropractic (BACE-C) study, an interna-
tional cohort study dedicated to examining back com-
plaints in older patients in primary care [4]. The BACE-C 
study is uniquely positioned in the chiropractic care 
setting due to limited information about the clinical 
course of LBP in older adults, especially those seeking 
chiropractic care. The primary objectives of the BACE-
C study were to examine the one-year clinical course of 
pain intensity and improvement rates of LBP in individu-
als aged 55 years and older who visit a chiropractor for a 
new episode of LBP. Cost data were also collected within 
the same population, offering an opportunity to study the 
costs related to LBP in this demographic—an essential 

step considering the historical underrepresentation of 
older people in back pain research [4].

The primary objective of this study is to study societal 
costs over one year incurred by older adults in the Neth-
erlands who consult a chiropractor for a new episode of 
LBP. The second objective is to identify predictive factors 
associated with high societal costs in older adults with 
LBP.

Methods
This study is reported according to the consensus-based 
checklist for the critical appraisal of cost-of-illness stud-
ies [7] (Appendix 1). A study protocol of the BACE-C has 
been published [8]. Ethics approval has been obtained 
by the Medical Ethics Committee of the Vrije Univer-
sity Medical Center, the Netherlands ethics number 
2017–618.

Study design and setting
The Back Complaints in Elderly-Chiropractic (BACE-C) 
study was designed as an international, multi-centred 
prospective cohort study. The BACE-C is part of the 
international BACE consortium [9]. For this study, only 
Dutch participants were included, and recruited from 38 
private practices of chiropractors in the Netherlands. All 
questionnaires were completed electronically. Follow-up 
measurements were collected at 2 and 6 weeks, 3, 6 and 
9 months, and one year after the first treatment. The data 
collected at 2 and 6  weeks were not used in this study 
as data on costs were not included at those follow-up 
moments.

Participants
Inclusion criteria: Adults aged 55 and older who con-
sulted a chiropractor for a new episode of LBP, meaning 
LBP for the first time, or those adults who have not been 
to a chiropractor in the previous six months were eligible 
for inclusion. This is independent of whether they have 
seen another type of healthcare provider for the current 
episode. All low back complaints, with pain in the region 
from the thoracolumbar 12th rib junction to the first 
sacral vertebrae, including pelvic pain and pain referral 
to the leg(s) were eligible. Chiropractors who are licensed 
and currently work in clinical practice were asked to 
participate.

Exclusion criteria: Patients with cognitive disorders, a 
suspected tumour, fracture, infection or any other poten-
tial red flag or condition considered to be a contraindica-
tion for chiropractic care were excluded.

Outcome measures
The primary outcome for the first objective was total 
annual societal costs, and total societal costs separated 
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by cost category and by three-month time frames. Soci-
etal costs were measured using 3-monthly retrospective 
cost questionnaires throughout the 1-year study period 
(i.e. administered at 3-, 6-, 9- and 12-month follow-up), 
which is included in Appendix  2. The self-administered 
cost questionnaires included measures of health care uti-
lisation, informal care, unpaid productivity, presenteeism 
and absenteeism. Health care utilisation included pri-
mary care (e.g. general practitioner care, manual therapy, 
physical therapy, exercise therapy) and secondary care 
(e.g. diagnostic and therapeutic interventions, hospi-
talisation) [10]. Data from the updated Dutch Manual of 
Costing were used to value costs of common health care 
services [11]. For less common healthcare services, hos-
pital accounting records and/or prices of professional 
organisations were used. Informal care and unpaid pro-
ductivity were valued using the recommended Dutch 
shadow price of €15.29 per hour [12]. Absenteeism and 
presenteeism from paid employment was measured using 
the Productivity and Disease Questionnaire [13], and was 
valued in accordance with the friction cost approach 
using hourly productivity costs of males and females 
[14]. The friction cost approach assumes that production 
losses are confined to the period needed to replace a sick 
worker (i.e. friction period), which is currently assumed 
to be 12  weeks in the Netherlands [14]. All costs were 
expressed in Euros 2021.

The primary outcome for objective 2 was having high 
societal costs (yes/no). Having high societal costs was 
defined as patients with costs in the top 20th percen-
tile, which is consistent with previous studies [15–17]. 
For this study, the 20th percentile for societal costs was, 
therefore, assumed to be appropriate and feasible due to 
the relatively small sample size.

Potential predictive factors
Potential predictive factors for high societal costs were 
based on previous literature [15, 18], and were measured 
at baseline:

• LBP intensity, measured on an 11-point numeric rat-
ing scale (NRS) [19], ranging from 0 ‘no pain ‘to 10 
‘the worst pain ever’.

• Back-specific functional status: Roland Morris Dis-
ability Questionnaire (RMDQ) [20].

• Global perceived effect (GPE), measured on a 7-point 
scale, ranging from ‘completely recovered’ to ‘worse 
than ever’ [21].

• Sociodemographic characteristics (i.e. age, gender, 
marital status, education level, height and weight (for 
BMI), ethnicity including parental ethnicity).

• Physical activity, measured with the International 
Physical Activity questionnaire.

• Other lifestyle variables: smoking measured by pack/
years, alcohol use measured by the short version of 
the AUDIT [22], and sleeping habits measured by the 
short version of the Pittsburgh Sleep Quality Index)
[23].

• Comorbidities, measured with the Self-administered 
Comorbidity Questionnaire [24].

• Indicator screening tool (STarT Back) for poor out-
come [25].

• Health-Related Quality-of-life, measured with the 
EQ-5D-5L [26].

Missing data
Missing data were visually explored, and missingness 
at random was assumed. Missing data were handled 
using multivariate imputation by chained equations to 
avoid possible bias due to selective drop-out of partici-
pants, which might influence the results when conduct-
ing a complete-case analysis [27]. The imputation model 
included sex, smoking, marital status, age, BMI, back pain 
complaint history, education, treatment expectations, 
and relevant baseline effect measure values. For each 
measurement moment, each cost category was imputed 
(primary care costs, secondary care costs, unpaid pro-
ductivity, informal care, absenteeism, and presenteeism). 
Ten complete data sets were created so that the loss of 
efficiency would be smaller than 5%. Complete datasets 
were analysed as outlined below, after which pooled esti-
mates were calculated using Rubin’s rules [27].

Statistical analyses
Descriptive statistics (frequency counts and proportions) 
were used to describe the study cohort, and their related 
costs for the full year. Costs were described in euros with 
means (95% confidence intervals (CI)). Similarly, the total 
societal costs were presented separately for 3-month time 
frames.

The prediction model was constructed using multi-
variable logistic regression analysis. Univariate logis-
tic regression was performed to pre-select variables 
based on statistical significance (p < 0.20). This was done 
because manual forward selection was used to obtain the 
final predictive factors with a p < 0.10. Variables with the 
lowest p-value were included in the model one by one 
and the analyses were re-run until only variables with 
a p < 0.10 constituted the model. A p < 0.10 was used to 
ensure that predictions are accurate, whilst preventing 
type-1 errors caused by overfitting [28]. We opted for 
manual forward selection because of the small sample 
size.

The overall performance and predictive ability of the 
model were tested using Nagelkerke  R2 [28, 29]. The 
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other performance measures included the area under the 
receiver operating characteristics curve (AUC) to meas-
ure the final model’s discriminative value [28, 29].

To adjust for the fact that the model was developed 
and tested in the same population, which typically causes 
regression coefficients and performance measures to be 
overestimated (i.e. overfitting), bootstrapping was used 
to internally validate the model [29].

Descriptive statistics and prediction models were per-
formed in Stata 17 (Stata Corp LP, College Station, TX). 
The internal validation was performed using R (version 
2023.09.1 + 494).

Subgroup analyses
Absenteeism and presenteeism are large cost drivers for 
workers with LBP [30]. For this reason, separate analyses 
were performed based on retirement status: for pension-
ers (who do not have costs related to absenteeism and 
presenteeism), and participants who are active in the 
workforce (non-pensioners).

Post‑hoc analyses
Based on the findings that NRS and costs seem to show a 
similar pattern, a Pearson’s correlation test between pain 
severity (Numeric Rating Scale (NRS) 0–10) and total 
societal costs as well as health-related functioning and 
total societal costs at three months was done to statisti-
cally test these descriptive statistics.

Results
Participant characteristics
Figure  1 shows the flow chart of included participants 
in the BACE-C study, in which 284 people were eligible 
for participation. After exclusion of participants that did 
not consent or did not fill in any questionnaires, despite 
agreeing to do so, a total of 223 people were included in 
the study. The percentage of missing data ranged from 
0 to 28% for included baseline variables, for which one 
variable (feelings of depression) was an extreme outlier in 
this case; i.e. 148 participants had complete data.

Table  1 shows the characteristics of all participants. 
The mean age of the participants was 66.4 years (stand-
ard deviation (SD) 7.6  years), of whom 42.3% described 
themselves as a pensioner. Of the 129 non-pension-
ers, 100 (77%) were younger than the retirement age 
of 67  years in the Netherlands. Of the 90 pensioners, 
17 (19%) was younger than 67  years of age. The mean 
BMI was 26.6 (SD 4.7) and 82.1% was married or living 
with a partner. There was a slightly smaller proportion 
of females (46.6% vs 53.4% males). Of the participants, 
88.6% did not smoke, and 54.6% drank alcohol on aver-
age more than twice per week. In total, 40.8% had a low-
level education, 21.5% had moderate level education, and 

37.7% had a high level of education. Almost all (94.6%) 
participants had the Dutch nationality. The top five 
comorbidities is neck/shoulder symptoms (55.2%), feet 
problems (28.3%), hip/knee arthritis (27.8%), high blood 
pressure (26.5%) and headache/migraine (17.9%). The 
median symptom duration was 122  days (interquartile 
range (IQR): 21–1095 days).

The group of participants in the 80% lowest costs 
(n = 202) had overall similar characteristics to the group 
of all participants (Table 1). In the group of participants 
with the 20% highest healthcare costs (n = 21), 66.7% 
were male, the average age was 60.4  years (SD:4.0), the 
average BMI was (27.8 (SD:4.0), and most people were 
non-smokers (87.8%). Back-specific functional status 
was higher (10.9, SD:6.5), as was the pain intensity (6.6, 
SD:2.1) in this group compared to the lowest cost group.

Of the 223 included participants, 90 participants were 
retired, 129 were not pensioned of which 98 participants 
had paid work. Of the working participants, 21 have 
experienced one or more days of sickness absence within 
the year after inclusion [median 17  days (IQR: 3–20)]. 
Eight of these participants exceeded the friction cost 
period. At each measurement moment, between 9 and 13 
participants indicated to perform 100% at work. All other 
participants have indicated a level of presenteeism. Pen-
sioners were on average 71.3  years(SD:5.9), 66.7% male, 
had a high percentage of non-smokers (93.9%), and had 
a high percentage of participants with an average alco-
hol consumption of four times per week or more (42.7%). 
Most pensioners had followed high level education 
(51.1%) and were married (78.9%).

Total annual societal costs
Table  2 gives an overview of the participants’ aggregate 
and disaggregate costs. The mean total annual societal 
costs were €5297 (95% CI 4191–6403). Presenteeism was 
the biggest cost driver, accounting for 66% of total soci-
etal costs. The cost distribution is shown in Appendix 3.

Participants were categorized as high-cost user (high-
est 20%) if their total annual societal costs were ≥ €8694. 
The average total societal cost in the high-cost group was 
€22,595 (95% CI 17,255–27,935) and for the low-cost 
group €12,035 (95% CI 1937–2133).

Table 2 shows the average total societal costs for each 
follow-up period and aggregated for one year of follow-
up. It shows relatively high presenteeism costs in the 
first three months, which slightly declines and stabilizes 
after three months. It is noteworthy that the high pres-
enteeism costs for the first three months then declining 
and stabilising for the rest of the year follows a similar 
pattern to the NRS for pain intensity over the year. The 
NRS declines from 5.55 (scale 0–10) to 2.27 after three 
months and remains stable around 2 on a scale 0–10 
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Fig. 1 Flowchart of BACE-C cohort



Page 6 of 12Maas et al. Chiropractic & Manual Therapies           (2024) 32:31 

(Appendix  4). Most other costs categories remain sta-
ble over the period of one year (See Appendix  4). This 

pattern is found in all groups (high- versus low-cost; and 
pensioners versus non-pensioners).

Table 1 Characteristics of all participants, according to societal costs (high vs. low), and according to retirement status (non-pensioner 
vs. pensioner)

BMI Body Mass Index, QALY Quality Adjusted Life Years, RMDQ  Roland Morrison Disability Index, SD Standard Deviation

*Participants categorized in high costs group were less than 20% due to missing data. Note: Percentages have been rounded off, hence values a bit less than 100% 
and a bit more than 100%

All participants
(n = 223)

Missing
n(%)

High costs
(n = 21)*

Low costs
(n = 202)

Non‑pensioner (n = 129) Pensioner
(n = 90)

Age (years) [mean(SD)] 66.4 (7.6) 0 (0%) 60.4 (4.0) 66.9 (7.6) 63.0 (6.9) 71.3 (5.9)

Gender—female [n(%)] 104 (46.6%) 0 (0%) 7 (33.3%) 97 (48.0%) 71 (55.0%) 30 (33.3%)

BMI [mean(SD)] 26.6 (4.7) 0 (0%) 27.8 (4.0) 26.5 (2.7) 26.7 (4.6) 26.4 (4.8)

Smoking—yes [n(%)] 23 (11.4%) 21 (9%) 1 (4.8%) 22 (12.2%) 18 (15.0%) 5 (6.1%)

Average alcohol consumption [n(%)]

Never 30 (14.8%) 20 (9%) 1 (4.5%) 29 (15.9%) 21 (17.4%) 9 (11.0%)

Once per month or less 28 (13.8%) 20 (9%) 4 (19.1%) 24 (13.2%) 18 (14.9%) 10 12.2%)

24 times per month 34 (16.8%) 20 (9%) 3 (14.3%) 31 (17.0%) 22 (18.2%) 12 14.6%)

2–3 times per week 46 (22.6%) 20 (9%) 7 (33.3%) 39 (21.4%) 30 (24.8%) 16 (19.5%)

4 > 4 times per week 65 (32.0%) 20 (9%) 6 (28.6%) 59 (32.4%) 40 (24.8%) 35 (42.7%)

Educational level [n(%)]

Low 91 (40.8%) 0 (0%) 7 (33.3%) 84 (41.6%) 60 (46.5%) 29 32.2%)

Moderate 48 (21.5%) 0 (0%) 6 (28.6%) 42 (20.1%) 32 (24.8%) 15 (16.7%)

High 84 (37.7%) 0 (0%) 8 (38.1%) 76 (37.6%) 37 (28.7%) 46 (51.1%)

Marital status [n(%)]

Single 32 (14.4%) 0 (0%) 3 (14.3%) 29 (14.4%) 16 (12.4%) 16 17.8%)

Married/living together 183 (82.1%) 0 (0%) 18 (85.7%) 165 (81.7%) 108 (83.7%) 71 78.9%)

LAT 8 (3.6%) 0 (0%) 0 (0.0%) 8 (3.9%) 5 (3.9%) 3 (3.3%)

Nationality [n(%)]

Dutch 211 (94.6%) 0 (0%) 21 (100%) 190 (94.1%) 120 (93%) 87 (96.7%)

Non-Dutch 12 (5.4%) 0 (0%) 0 (0%) 12 (5.9%) 9 (7%) 3 (3.3%)

Country of origin father [%/%]

Dutch/non-Dutch 89.2%/10.8% 0 (0%) 95.2%/4.8% 88.6%/11.4% 89.1%/10.9% 88.9%/11.1%

Country of origin mother [%/%]

Dutch/non-Dutch 92.4%/7.6% 0 (0%) 95.2%/4.8% 92.1%/7.8% 91.5%/8.5% 93.3%/6.7%

Employment

(Self-)employed 98 (43.9%) 0 (0%) 18 (18.4%) 80 (81.6%) NA NA

Pensioner 90 (40.4%) 0 (0%) 0 (0.0%) 90 (100%) NA NA

Other (e.g. voluntary work) 31 (15.7%) 4 (1.8%) 3 (8.6%) 28 (91.4%) NA NA

Feelings of depression [n(%)] 10 (5.5%) 63 (28.0%) 0 (0.0%) 10 (6.3%) 6 (5.6%) 4 (5.4%)

Symptom duration in days (median (IQR) 121 (21–1095) 26 (12) 122 (28–1095) 61 (14–730) 122 (28–1095) 117 (21–730)

Comorbidities (N (%))**

Neck/shoulders symptoms 101 (55.2%) 0 (0%) 11 (52.3%) 90 (44.6%) 59 (45.7%) 42 46.5%)

Feet problems 51 (28.3%) 0 (0%) 6 (28.6%) 45 (22.3%) 29 (22.5%) 22 24.4%)

Hip/knee arthritis 49 (27.8%) 0 (0%) 5 (23.8%) 44 (21.8%) 24 (18.6%) 25 27.8%)

High blood pressure 49 (26.5%) 0 (0%) 6 (28.6%) 43 (21.3%) 29 (22.4%) 20 (22.2%)

Headache/migraine 32 (17.9%) 0 (0%) 3 (6%) 29 (14.4%) 24 (18.6%) 8 (8.9%)

QALY [mean (SD) 0.4 (0.4) 23 (10) 0.3 (0.4) 0.4 (0.4) 0.3 (0.4) 0.4 (0.4)

Pain intensity [mean(SD)] 6.0 (2.2) 22 (10) 6.6 (2.1) 5.9 (2.2) 6.0 (4.6) 6.0 (2.1)

RMDQ [mean(SD)] 9.6 (5.8) 22 (10) 10.9 (6.5) 9.5 (5.7) 9.7 (5.9) 9.6 (5.6)



Page 7 of 12Maas et al. Chiropractic & Manual Therapies           (2024) 32:31  

Table 2 Overview of the costs in Euros for people with low back pain in the BACE-C study (mean (95% Confidence Interval*))

*Based on the study of Nixon et al. (2010), using Monte Carlo simulations, the authors showed that, even when data were highly skewed, both a normal-based 
method (e.g. OLD) and non-parametric bootstrapping accurately estimated the true standard errors (SEs), and hence 95%Cis, when sample sizes were moderate to 
large (n > 50), also gave good estimates for small data sets with low skewness

**Total values are depicted in bold font. 95% CI: Confidence Interval. Costs are presented in euros 2021

Medication 
costs

Primary 
healthcare 
costs

Secondary 
Healthcare 
costs

Absenteeism 
costs

Presenteeism 
costs

Unpaid 
productivity 
costs

Informal 
care costs

Total societal 
costs

All par-
ticipants 
(N = 223)

0–3 months 95 (39–151)* 131 (97–164) 72 (24–119) 96 (7–187) 1263 
(874–1652)

32 (16–48) 66 (17–115) 1755 (1325–
2188)

3–6 months 66 (17–116) 90 (63–118) 84 (50–117) 234 (52–418) 683 (422–945) 24 (9–40) 39 (10–69) 1220 
(850–1594)

6–9 months 180 (38–321) 75 (51–98) 86 (44–130) 75 (0–178) 824 (523–1124) 23 (11–36) 7 (0–20) 1270 
(913–1625)

9–12 months 76 (5–146) 50 (30–71) 97 (36–159) 54 (7–101) 705 (462–948) 155 (0–364) 24 (0–53) 1162 
(823–1502)

Total 12 
months**

417 
(183–651)

346 
(283–411)

339 
(230–449)

459 (128–766) 3475 (2523–
4427)

234 (25–446) 136 
(31–212)

5297 (4191–
6403)

All partici-
pants—high 
costs (N = 21)

0–3 months 7 (0–14) 162 (69–255) 82 (0–214) 360 (0–890) 6568 (4131–
9008)

2 (0–7) 149 (0–424) 7330 (4628–
10,033)

3–6 months 63 (0–173) 102 (42–161) 38 (0–91) 1381 (0–2813) 3975 (3416–
4533)

18 (0–41) 96 (0–214) 5672 (2941–
8403)

6–9 months 54 (0–162) 80 (29–131) 137 (4–270) 565 (0–1678) 4833 (2671–
6994)

9 (0–24) 70 (0–217) 5747 (3336–
8159)

9–12 months 56 (0–163) 72 (25–119) 58 (0–143) 263 (0–574) 3991 (2586–
5396)

16 (0–43) 52 (0–145) 4508 (2915–
6102)

Total 12 
months

181 (0–505) 415 
(284–545)

314 
(65–564)

1904 
(244–3564)

19,368 
(14,889–
23,846)

45 (7–84) 367 (6–728) 22,595 
(17,255–
27,935)

All partici-
pants—low 
costs 
(N = 202)

0–3 months 106 (87–124) 128 
(121–136)

68 (56–79) 77 (49–105) 782 (697–867) 36 (31–40) 59 (45–72) 1169 (1075–
1263)

3–6 months 40 (30–50) 87 (81–93) 88 (81–95) 20 (4–35) 181 (153–210) 25 (21–29) 25 (18–31) 462 (423–500)

6–9 months 111 (89–134) 74 (69–80) 84 (73–94) 4 (1–9) 159 (131–186) 27 (24–30) 0 (0–0) 494 (458–530)

9–12 months 55 (38–72) 47 (43–51) 108 (94–121) 5 (0–9) 155 (130–181) 68 (40–95) 9 (5–14) 427 (391–463)

Total 12 
months

427 
(347–508

337 
(322–353)

350 
(321–379)

203 (148–258) 1820 (1644–
1995)

262 
(188–336)

114 
(91–137)

2035 (1937–
2133)

Non-
pensioners 
(N = 129)

0–3 months 92 (30–155) 132 (90–174) 51 (1–99) 168 (12–323) 2162 (1532 – 
2793)

29 (8–50) 48 (0–101) 2681 (1991–
3372)

3–6 months 62 (1–123) 76 (44–108) 85 (38–132) 406 (91–721) 1175 
(740–1610)

23 (5–40) 26 (0–57) 1852 (1238–
2466)

6–9 months 184 (0–396) 74 (48–101) 67 (19–115) 130 (0–308) 1416 
(919–1914)

18 (1–35) 11 (0–34) 1902 (1321–
2482)

9–12 months 70 (0–164) 44 (20–69) 65 (0–137) 94 (13–174) 1185 
(793–1576)

52 (0–124) 12 (0–36) 1521 
1082–1961)

Total 12 
months

409 
(137–680)

326 
(247–406)

268 
(148–387)

599 (225–974) 5939 (4427–
7449)

121 (44–198) 97 (23–171) 7759 (6047–
9470)

Pensioners 
(N = 90)

0–3 months 103 (0–211) 131 (87–174) 67 (25–110) 0 (0–0) 0 (0–0) 38 (14–61) 95 (4–186) 464 (269–659)

3–6 months 75 (0–167) 106 (67–145) 78 (41–115) 0 (0–0) 0 (0–0) 27 (3–51) 42 (0–84) 338 (207–469)

6–9 months 174 (9–339) 72 (42–102) 116 (49–183) 0 (0–0) 0 (0–0) 32 (13–51) 0 (0–0) 406 (217–594)

9–12 months 87 (0–196) 60 (32–89) 136 (54–217) 0 (0–0) 0 (0–0) 310 (0–825) 42 (0–107) 684 (134–1234)

Total 12 
months

439 (3–876) 370 
(281–458)

398 
(237–558)

0 (0–0) 0 (0–0) 407 (0–921) 179 
(29–329)

1892 
88–2695)
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Table  2 also gives an overview of the average societal 
costs the pensioners and non-pensioners with low back 
pain in the BACE-C study made in one year. Total mean 
annual societal costs were 7759 (95% CI 6047–9470) for 
the non-pensioners. All pensioners were categorised in 
the low-cost group, largely due to the lack of absentee-
ism and presenteeism costs. The total mean societal costs 
for the group of low costs pensioners were 2035 (95% CI 
1937–2133).

Prediction of total societal costs
Using the top 20th percentile of societal costs as an out-
come, the predictive factors for high societal costs in 
the total population were younger age (OR 0.87 for each 
additional year; 95% CI 0.80–0.95), being male instead of 
female (OR 2.96; 95% CI 1.19–7.44), lower alcohol intake 
(OR 0.49 for each increase category of alcoholic intake; 
95% CI 0.20–1.19), working instead of retirement (OR 
9.37; 95% CI 1.83–48.04) and more back-related func-
tional disability at baseline (OR 1.08 for each additional 
point on the RMDQ; 95% CI 1.00–1.16) (Table 3).

The Hosmer–Lemeshow statistic was not significant 
 (X2 = 6.27 p = 0.62), indicating that the model’s overall fit 
was good. The model explained 28.2% (Nagelkerke’s  R2) 
of the variation in the outcome (i.e. high societal costs) 
and the model’s AUC was 0.86 (Table 5).

After internal validation, the model’s explained vari-
ance reduced to 35.7 and the AUC to 0.84.

Sensitivity analysis: prediction of societal costs 
for the non‑pensioners
Using the top 20th percentile of societal costs as an 
outcome in the non-pensioners, the predictive factors 
for high societal costs were younger age (OR 0.89 for 
each additional year; 95% CI 0.80–0.99), being male 
(OR 3.60; 95% CI 1.19–10.87), lower alcohol intake (OR 
0.34 for each increase category of alcoholic intake; 95% 
CI 0.11–1.10) and more back-related functional disabil-
ity at baseline (OR 1.10 for each additional point on the 
RMDQ; 95% CI 1.01–1.21) (Table 4).

The Hosmer–Lemeshow statistic for the total sample 
was not significant  (X2 = 6.28 p = 0.83), indicating that 
the model’s overall fit was good. The model explained 
14.9% (Nagelkerke’s  R2) of the variation in the outcome 
(i.e. high societal costs) and the model’s AUC was 0.77 
(Table 5).

After internal validation, the model’s explained vari-
ance reduced to 26.5 and the AUC to 0.77.

Table 3 Multivariate model using the top 20th percentile of societal costs as an outcome (total population)

*Age: Continuous. Gender: 0-female, 1-male. Alcohol intake: alcoholic drinks per day (1–10). Retirement: 0 = Pensioner; 1 = non-pensioner. Back-related functioning: 
functioning at baseline (Roland Morrison Disability Questionnaire 0–24)

Coefficient 
(regression)

SE (of regression 
coefficient)

p value Odds ratio 95% CI

Age* − 0.14 0.04 0.002 0.87 0.80–0.95

Gender* 1.09 0.47 0.020 2.96 1.19–7.44

Alcohol intake* − 0.72 0.45 0.114 0.49 0.20–1.19

Retirement status* 2.24 0.83 0.007 9.37 1.83–48.04

Back-related functioning* 0.07 0.4 0.040 1.08 1.00–1.16

Table 4 Multivariate model using the top 20th percentile of societal costs as an outcome (non-pensioners)

* Age: Continuous. Gender: 0-female, 1-male. Alcohol intake: alcoholic drinks per day (1–2, 2–4, 5–6, 7–9). Back-related functioning: functioning at baseline (Roland 
Morrison Disability Questionnaire 0–24)

Coefficient 
(regression)

SE (of regression 
coefficient)

p value Odds ratio 95% CI

Gender* 1.28 0.56 0.023 3.60 1.19–10.87

Alcohol intake* − 1.07 0.59 0.07 0.34 0.11–1.10

Age* − 0.11 0.05 0.028 0.89 0.80–0.99

Back-related functioning* 0.10 0.05 0.025 1.10 1.01–1.21

Table 5 Summary of performance of predictive models

Hosmer 
Lemeshow test 
(p value)

Area under 
ROC curve

Nagelkerke  R2

Total sample (N = 223) 6.271 (0.62) 0.8578 0.2818

Non-pensioners 
(N = 129)

6.282 (0.83) 0.7667 0.149
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Prediction of societal costs for the pensioners
Due to the low total societal costs and lack of variabil-
ity in healthcare and informal care costs, we did not find 
any predictive factors for high costs for the pensioners. 
An overview of the univariate analyses, showing none 
of the potential predictive factors had a p value < 0.02 is 
included in Appendix 5.

Post‑hoc analysis: Correlation between pain severity 
and costs at three months
A Pearson’s correlation test between pain severity, and 
total costs at three months, showed a correlation of 0.10 
between pain severity and total societal costs (no correla-
tion), and a correlation of 0.12 between pain severity and 
healthcare costs.

Discussion
Main findings
The first aim of this study was to estimate the annual 
societal costs made by older adults with LBP seeking 
chiropractic care due to a new episode of LBP. The mean 
total annual societal costs per patient was €5297 (95% CI 
4191–6403). Most of these costs comprised of presentee-
ism and absenteeism costs. Participants categorised in 
the 20% highest costs group had an average of €22,595 
(95% CI 17,255–27,935), whereas participants catego-
rised in the lowest 80% cost group had an average of 
€2035 (95% CI 1937–2133). Predictors for total societal 
costs were retirement status, age, gender, alcohol intake, 
and back-related functioning. Retirement status emerged 
as the strongest predictor, leading us to divide the cohort 
into pensioners and non-pensioners to explore societal 
costs and relevant predictors for participants with a high-
cost pattern.

The non-pensioners’ total societal costs mainly con-
sisted of absenteeism and presenteeism costs (mean 
€7579 (95% CI 5877–9281), whereas the pensioners’ total 
societal costs were €1754 (95% CI 1010–2499). For the 
non-pensioners, gender, age, alcohol intake, and back-
related functioning were predictors of being in the 20% 
highest cost category. In the Netherlands, males gener-
ally tend to have a higher income compared to women 
[31], which explains why they have higher absenteeism 
costs and therefore higher societal costs. Secondly, in 
this elderly population, having a younger age means that 
these people are still working, which is related to higher 
societal costs. The predictive value of alcohol intake 
is more difficult to understand. An explanatory factor 
might be that lower alcohol intake is related to healthier 
people, which is associated to less costs. This could, how-
ever, be a spurious finding, and would need to be corrob-
orated by other more robust studies. Finally, as expected, 

participants with a worse back-related functioning have 
a higher likelihood to be in the high cost group. Inter-
estingly, pain score was not related to the costs while 
they tend to follow the same pattern. A Pearson’s corre-
lation test between pain and costs (healthcare and total 
costs) showed no correlation. This could potentially be 
explained by the fact that pain might be less relevant than 
functional status for someone’s ability to work.

All pensioners were in the lowest cost-category. It was 
impossible to predict high costs for the pensioners, due 
to low variability in their costs. Even when using the top 
20% of highest costs within the group of non-pensioners, 
high costs could not be predicted for this group.

The model’s overall fit was good, with an explained var-
iance (28.2%). The AUC was 0.86, indicating good inter-
pretability. Internal validation had minimal effect on the 
model’s performance suggesting a low risk of overfitting.

Comparison to the literature
Direct comparability of this study with other studies is 
limited, as few studies on costs related to LBP and, as far 
as we are aware, no similar study among older adults vis-
iting chiropractic practices/study with a similar popula-
tion and in a similar setting have been conducted in the 
Netherlands. Therefore, the Dutch results can be con-
sidered informative for other European countries, but a 
direct comparison is not possible [32–34].

The mean societal costs of this study were €5297 per 
patient for the first year after contacting a chiroprac-
tor, resembling a similar Dutch study by Mutubuki et al. 
(2020), reporting €5522 [5]. In the current study, partici-
pants were categorized as high-cost user (highest 20%) if 
their total annual societal costs were ≥ €8694. In the study 
of Mutubuki et  al. (2020) [5] costs at different cut-off 
points were as follows: 20% (≥ €7906), 10% (≥ €11,922), 
and 5% (≥ €19,403).

Dutmer et  al. (2019) [35] reported higher costs of 
€9000 per patient. This discrepancy is like explained by 
variations in healthcare system structures, patient set-
tings and/or differences in cost estimations (administra-
tive data versus self-reporting for example). Killingmo 
et al. [32] in a similar Norwegian cohort reported mean 
costs of €825 (682–976) per year per patient related to 
healthcare utilisation. Costs related to healthcare utilisa-
tion in this cohort (medication costs, primary and sec-
ondary healthcare) would add up to €1102 in one year, 
which is relatively comparable to the cohort of Killingmo. 
This is higher than the healthcare direct healthcare costs 
per patient for a recent Dutch study about general practi-
tioner-guided care in patients with musculoskeletal com-
plaints by Pellekooren et al. of €97 [32]. Even though the 
study of Pellekooren focused on a population similar to 
this study, their focus was on general practitioner-guided 
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care costs only (instead of total societal costs) in patients 
with a broad range of musculoskeletal complains.

Few studies have investigated predictive factors for 
high societal costs among people with LBP. Gender, 
being male, found as a predictive factor for high societal 
costs in the current study, was also found in other studies 
[5, 34]. Other studies also found different predictive fac-
tors compared to those found in the current study, such 
as pain persistence, mental health issues, including high 
pain scores and comorbidities [6, 14, 15, 34–36]. A pos-
sible explanation for the differences found in predictive 
factors is that the studies took place in different health-
care settings in different countries with different insur-
ance packages and different availability of primary and 
secondary healthcare. Comparing the outcome of this 
study with possible similar studies set in different coun-
tries is likely to be limited due to different ways of finan-
cial registration of healthcare costs in different countries 
as well [36].

Strengths and limitations study
This study is the first to investigate societal costs and 
predictive factors in chiropractic patients aged 55  years 
or older with LBP in the Netherlands. Mapping societal 
costs and predictive factors is vital to decrease the use 
of scarce healthcare resources and reduce the burden on 
our healthcare systems [37]. The use of advanced meth-
odology for handling missing data and performing pre-
diction models enhances the study’s reliability.

A limitation of this study is the possible underestima-
tion of total healthcare utilisation and related costs due 
to using self-reported outcome measures. Self-reports 
tend to underestimate the true value of healthcare utili-
sation due to potential recall bias [38]. However, in the 
Netherlands administrative data for healthcare measures 
is practically inaccessible and for that reason we used 
self-reported data. On the other hand, presenteeism was 
self-reported, which might have resulted in an overesti-
mation of these costs. That is, VAS-based presenteeism 
scales are prone to end-aversion bias [39], meaning, indi-
viduals to avoid extreme choices and select a choice in 
the middle of the scale. Consequently, participants might 
have underreported their productivity at work, which in 
turn led to overestimated presenteeism costs. Despite 
the above-stated limitations, this is the recommended 
method as there are no registers on healthcare-related 
costs available in the Netherlands, nor objective meas-
ures of work performance.

A second limitation is the potential overestimation of 
societal costs attributed to LBP for participants who have 
reported one or multiple comorbidities. Over half of the 
participants reported to have one or multiple comorbidi-
ties. These comorbidities might have contributed to their 

societal costs, while not directly relatable to their LBP, 
resulting in a potential overestimation of cost attributed 
to LBP. A recent Canadian study concluded that people 
identified as having chronic pain have a higher preva-
lence of comorbidities and use significantly more publicly 
funded health services [40].

A third limitation is the missing data, which is related 
to the use of self-reported outcomes. It is well-known 
that healthcare utilisation is prone to missing data and 
that missing values should be replaced to make use of all 
reported data. Multivariate imputation by chained equa-
tions has been used to handle the missing data, thereby 
avoiding complete-case analysis which would have 
significantly reduced the power of these findings and 
potentially introduced information bias due to selective 
drop-out of participants [27]. This is the preferred statis-
tical method for dealing with missing data, particularly 
when costs are involved [41, 42].

Another limitation is the small sample size. The focus 
on people who visited the chiropractor led to a selection 
of a relatively narrow group of participants. However, we 
consider this a strength of this study as information on 
predictors for costs in this population is lacking, whereas 
exploring the mechanisms related to high-cost users 
could potentially lead to implementation initiatives or 
modification of policy aimed at reducing costs. The selec-
tion of patients should be considered when generalizing 
our results. Secondly, the limited sample size limited us 
in exploring different cut-off point for high costs. Sec-
ondly, using more explanatory trajectory analyses (e.g. 
sequence analysis) were not possible. As this is an explor-
atory study and the first study ever done evaluating the 
costs in this population, the outcome is valuable as an 
indication for further research. Despite these limitations, 
the study provides valuable insights and serves as a foun-
dation for future research.

Implications for research and practice
This study recommends separating pensioners from non-
pensioners in future research, given the differences in 
cost patterns and predictors. Establishing a consensus on 
cut-off points for high costs would enhance comparabil-
ity with existing literature. Understanding the mecha-
nisms associated with identified predictors for high 
societal costs is crucial for facilitating cost reductions.

This is an exploratory study, of which the importance is 
to emphasize the need to study older adults with chronic 
LBP. While this study will not have direct implications for 
daily clinical practice, it could influence guideline com-
missions who are confronted with costs for people with 
LBP who continue to work or are retired to offer targeted 
interventions to prevent, a decline in health status and 
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subsequent influence on their work status and substantial 
avoidable costs.

Conclusion
This study estimated the mean annual societal cost to 
be €5297 (95% CI 4191–6403). Most costs were made in 
the first 3 months, slightly declined, and remained stable 
for the rest of the year. "Working" emerged as the main 
predictor of high costs in this population of older adults. 
Future studies focusing on older adults should explore 
pensioners and non-pensioners separately, delving into 
the mechanisms associated with identified predictors for 
high societal costs to facilitate effective cost reductions.
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