
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Biomarkers of back load. An exploratory study

Kuiper, J.I.

Publication date
2001

Link to publication

Citation for published version (APA):
Kuiper, J. I. (2001). Biomarkers of back load. An exploratory study. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/biomarkers-of-back-load-an-exploratory-study(cef48dff-53fb-427e-b604-96a4db9bf241).html


Chapterr 7 

Higherr serum concentrations of 
PICPP and CTx in construction workers when 

comparedd to sedentary workers 



ChapterChapter 7 

Abstract Abstract 

Studyy design. Comparison of serum levels of biomarkers of collagen type I metabolism 

betweenn men exposed to heavy back load and men in sedentary occupations. 

Objective.. To explore the feasibility of biomarkers of type I collagen metabolism as measures 

off  the effects of physical back load at tissue level. 

Summaryy of background data. Evaluation of causal relationships between physical back 

loadd and back disorders is hampered by the lack of knowledge as to the biological relevance 

off  different loading parameters and the large variability between individuals. As indicators 

off  molecular changes in the extracellular matrices of spinal structures, biomarkers of collagen 

metabolismm may provide important information on biological effects of back load. The 

carboxyterminall  propeptide of type I collagen (PICP) is a serum marker of synthesis and the 

carboxyterminall  telopeptide region of type I collagen (CTx) reflects degradation of type I 

collagen. . 

Methods.. Serum concentrations of PICP and CTx were assessed in a group of male 

constructionn workers involved in heavy manual materials handling (n=47) and in a group of 

malee sedentary workers (n=49). 

Results.. Serum concentrations of both PICP and CTx were higher in the exposed group. The 

ratioo PICP/CTx, illustrative of the effective metabolic changes, did not differ between the 

twoo groups. 

Conclusions.. The higher turnover rate but similar effective synthesis may be indicative of an 

increasedd type I collagen content in the connective tissues as a result of adaptive remodeling 

inn response to years of exposure to back load. Further validation of these biomarkers is 

requiredd with respect to dose-response relationships and temporal associations between 

exposuree to back load and biomarker concentrations. 

SubmittedSubmitted as: Kuiper JI, Verbeek JHAM, Everts V, Straub JP, Frings-Dresen MHW. Serum markers of 
collagencollagen metabolism: construction workers compared to sedentary workers. 
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Introduction n 

Epidemiologicall  studies have identified associations between physical demands at 

workk (manual materials handling, bending and twisting, and whole body vibration) 

andd back disorders.4'7'1219'29 However, understanding of the biological relevance of 

differentt loading parameters and of why some people are at greater risk of 

developingg back disorders is still deficient because adequate and relevant measures 

off  exposure as well as outcome are lacking. Although methods and strategies to 

accuratelyy assess external exposure as well as biomechanical models to estimate the 

responsee of the tissues to these exposures have been developed,17-26 very littl e is 

knownn about biologically effective doses and early biological effects in vivo. As 

indicatorss of changes at a tissue or molecular level in the spinal structures, 

biomarkerss may provide important complementary information. Unfortunately, 

theree are no validated biomarkers to assess the effects of back load available yet. 

Becausee of the complex anatomy of the back and the multi-factorial etiology of back 

disorderss it is complicated to identify relevant biomarkers. Following the hypothesis 

thatt physical load causes responses in the spinal structures leading to changes in 

metabolismm of the extracellular matrix (ECM) of connective tissues,1 matrix 

metabolitess could provide potential biomarkers of the biological effects of back load 

onn these structures. In connective tissues the extracellular matrix is responsible for 

thee overall structural integrity of the tissue. When the level of load is slowly 

increasedd the result may be an adaptive remodeling of the tissues. However, if the 

increasee in load is sudden or large, the cells may not adapt quickly enough and 

damagee may result2. Since type I collagen is one of the main constituents of the ECM 

off  most connective tissues, among which the vertebral body, apophyseal joints, 

ligaments,, and the intervertebral disc, tissue responses can be monitored by 

assessmentt of the kinetics of type I collagen synthesis and degradation. Validated 

biomarkerss have been developed for the analysis of type I collagen turnover: 

synthesiss can be assessed by analysis of serum concentrations of carboxyterminal 

propeptidee of type I collagen (PICP), whereas breakdown can be detected by analysis 

off  carboxyterminal telopeptide region of type I collagen(CTx).23 The ratio between 

PICPP and CTx provides an estimate of type I collagen metabolism as a dynamic 

processs of synchronously occurring anabolic and catabolic effects. 

Too explore these biomarkers of type I collagen metabolism as measures of 

physicall  back load at tissue level, the association between the biomarkers and 
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occupationall  exposure to physical back load was investigated. The objective of the 

studyy was to determine whether serum concentrations of PICP and CTx, and the 

ratioo PICP/CTx in males who have been exposed to occupational physical back load 

forr years differ from those in a non-exposed reference group. 

Methods s 

Inn a cross-sectional study the serum concentrations of PICP and CTx were assessed 

ass well as data on physical back load from men working in occupations involving 

heavyy manual materials handling and from men working in sedentary occupations. 

Thee study was approved by the Ethics Committee of the Academic Medical Center / 

Universityy of Amsterdam, The Netherlands. 

Subjects Subjects 

Thee study population consisted of two groups of male workers aged between 30 and 

400 years; a group of construction workers engaged in heavy physical work (n=47) 

andd a group of sedentary workers (n=49). The group of construction workers 

consistedd of men with different occupations within the construction branch, the 

inclusionn criterion was that at least 50% of their working time they had to be engaged 

inn manual materials handling, like lifting, carrying, pushing or pulling of heavy 

loadss and that they had to be engaged in physically demanding work for at least 

aboutt ten years. Subjects were asked to volunteer when they visited the Occupational 

Healthh Service (ArboUnie Amsterdam) for a periodic occupational health 

examination.. Subjects for the sedentary group were recruited from three different 

populations;; office-workers from insurance companies who visited the Occupational 

Healthh Service (ArboUnie Amsterdam) for a periodic occupational health 

examination,, office-workers in the Academic Medical Center and occupational 

physicians.. In the sedentary group men were only included if they had not practiced 

aa profession involving heavy physical work during the previous ten years. Subjects 

weree fully informed about the procedures and filled out an informed consent. 

Al ll  subjects filled out a questionnaire concerning personal characteristics like 

age,, height and weight, as well as the occurrence of low back pain during the 

previouss 12 months. Furthermore, they were asked about medication, and whether 
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theyy suffered or had suffered in the previous year from musculoskeletal traumas, 

jointt diseases, liver or kidney diseases, blood or metabolic diseases (like diabetes). 

Subjectss who reported to suffer/ have suffered from any of these diseases or traumas 

weree not admitted to the study because of the potentially confounding effect on the 

serumm concentrations of the collagen markers. Table 1 presents the characteristics of 

thee study population. 

Tablee 1. Characteristics of the study population. 

agee (yr) 

heigthh (m) 

weightt (kg) 

bmii  (kg.nr2) 

LowLow back pain 

lastt 12 months 

Constructionn workers (w-47) 

mean mean 

34.5 5 

1.79 9 

82.2 2 

25.6 6 

frequency frequency 

34 4 

(sd) (sd) 

(4.0) ) 

(0.07) ) 

(12.0) ) 

(3.1) ) 

(%) (%) 

(72.3) ) 

Sedentaryy workers (n=49) 

mean mean 

35.5 5 

1.81 1 

81.0 0 

24.5 5 

frequency frequency 

30 0 

(sd) (sd) 

(3.0) ) 

(0.06) ) 

(10.1) ) 

(2.6) ) 

(%) (%) 

(61.2) ) 

DataData collection 

Bloodd samples were collected by means of venipuncture in the antecubital vein. After 

coagulationn the blood was centrifuged and serum stored at -20°C until analyzed. 

Too explore the contrast in exposure to physical back load, the subjects filled 

outt parts of the Loquest questionnaire11 to assess work related physical exposures 

(liftin gg or carrying loads (>5kg) or heavy loads (>25kg), pushing or pulling loads 

(>50kg)) or heavy loads (>200kg), bending and/or twisting the upper part of the body 

att work and vehicle driving) and leisure time physical activities (physically 

demandingg household activities, do-it-yourself and sports). The answers were 

assessedd on a four-point scale (seldom or never, sometimes, quite often, very often). 

AnalysesAnalyses of PICP and CTx 

Thee serum concentrations of PICP were measured by the Prolagen-C sandwich 

ELISAA (Metra Biosystems, Mountain View, USA). CTx serum concentrations were 

analyzedd using the serum CrossLaps™ One Step ELISA (OSTEOMETER, Herlev, 
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Denmark).244 The samples of both occupational groups were analyzed 

simultaneously,, randomly divided over nine kits of each of the assays. Al l samples 

weree analyzed in duplicate. The intra-assay precision (coefficient of variation) was 

3.8%% for PICP and 4.8% for CTx, whereas the inter-assay coefficients of variation 

weree 9.9% and 11.9%, respectively. 

StatisticalStatistical Analyses 

Serumm concentrations of PICP and CTx were correlated. To test whether the collagen 

typee I metabolism differed between the two occupational groups, an analysis of 

variancee with repeated measures was performed with serum PICP and CTx as 

dependentt variables, and occupational group as the independent variable. Body 

masss index was included as a covariable to control for potential confounding. 

Differencess in the balance between serum PICP and CTx was tested using an analysis 

off  variance with the PICP/CTx ratio as the dependent variable, group as the 

independentt variable and body mass index as co-variable. Differences were accepted 

ass statistically significant at p<0.05. All statistical analyses were performed with the 

Statisticall  Package for Social Sciences (SPSS for Windows, version 9.0). 

Results s 

Exposure Exposure 

Thee results of the questionnaire on engagement in the different occupational 

activitiess and postures confirmed the contrast in exposure between the two groups 

(seee Appendix). The construction workers were more engaged in manual materials 

handlingg activities as lifting, carrying, pushing and pulling. The two groups did not 

differr with respect to driving during work and engagement in physically demanding 

leisuree activities. Al l subjects worked full-time. 

BiotnarkersBiotnarkers of collagen type I metabolism 

Thee mean serum concentrations of the PICP, CTx and the PICP/CTx ratio for each 

occupationall  group are shown in Figure 1. The combined analyses of between-group 

differencess of PICP and CTx showed that, when corrected for body mass index, the 

serumm concentrations of these biomarkers were significantly higher in the 

constructionn workers than in the sedentary workers (Fi,9o=5.35, p=0.02). 
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150 0 

J-- 140 

130 0 

120 0 

A)) PICP 

0.40 0 

0.32 2 

Jjj  0.28 

B)) CTx 

JL JL 

C)) PICP/CTx ratio 

Constructionn Sedentary 
workerss workers 

Figuree 1. Mean (+ 1 SEM) serum concentrations of PICP (A), CTx (B) and the ratio 

PICP/CTxPICP/CTx (C) in the construction workers (n=47) and the sedentary workers (n=49). 
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Thee balance between synthesis and degradation, as indicated by the PICP/CTx ratio, 

wass equal for the two groups (Fi,9o=0.00, p=1.00). In both groups large inter-

individuall  variations were found for the concentrations of PICP and CTx as well as 

forr the PICP/CTx ratio. 

Discussion n 

Thiss study showed a positive association between the serum concentrations of the 

PICPP and CTx and occupational physical back load. The biomarker concentrations 

reflectt a higher rate of collagen type I turnover in men exposed to heavy physical 

backk load when compared to men in sedentary occupations. This is in accordance 

withh the theory that connective tissues respond to changes in physical load; 

microfracturess and altered mechanical environment resulting from long term 

physicall  loading may lead to both increased degradation of matrix components and 

increasedd synthesis to replace those lost. As indicated by the comparable PICP/CTx 

ratioo in the two groups, a higher degradation rate in the construction workers was 

balancedd by a higher synthesis rate. These results suggest that the group of 

constructionn workers in this study consisted of men whose connective tissues had 

beenn adapted to the high levels of physical load. This might indicate a healthy 

workerr effect, i.e. strong workers and workers who are capable of adapting have a 

higherr chance to survive in physically demanding occupations. Such adaptive 

remodelingg has been illustrated by findings of dense vertebrae in weight lifters and 

strongerr discs and vertebrae in physically active people.2 It is expected that if the 

adaptivee response cannot keep pace with the loading, either because of sudden 

increasee of the loading or because of state of the tissue, degradation of collagen and 

structurall  disruption of the ECM is likely to occur.2 

Althoughh an altered molecular composition in response to years of exposure is 

aa plausible explanation, current exposure may also have affected the biomarker 

concentrations.. Blood concentrations of type I collagen metabolic markers reflect the 

actuall  status of type I collagen metabolism, and collagen type I synthesis has been 

reportedd to be accelerated in response to heavy physical exercise (i.e. running a 

marathon),, reaching a peak after about three days and returning to baseline levels 

fivee days after completion of the exercise.20 

116 6 



PICPPICP & CTx: construction workers vs sedentary workers 

Becausee of the cross-sectional design of the present study, it is not possible to 

separatee the effects of recent exposure or cumulative effects of past exposure. 

Therefore,, assessment of exposure response relationships and temporal correlations 

betweenn exposure and biomarker concentrations in longitudinal studies is an 

importantt issue for further exploration of these biomarkers. 

Inn this study, considerable inter-individual variations in serum concentrations of 

bothh PICP and CTx, as well as the PICP/CTx ratio existed. Although the exact causes 

off  variation are not completely understood, it is conceivable that these variations are 

indicativee of individual differences in the condition and response of connective 

tissuess to physical load. Since the study population was homogenous with respect to 

gender,, age and body mass, these differences may be due to hereditary factors. 

Biomarkerss as well as the association between exposure and biomarkers may be 

influencedd by genetic make-up through differences in metabolism and 

susceptibility.222 Furthermore, there is growing evidence for genetically determined 

susceptibilityy for degenerative disorders of the musculoskeletal system such as disc 

degeneration.27 7 

Unfortunately,, the relative contributions of site specific connective tissues in 

thee human body cannot be distinguished from serum concentrations. Animal studies 

reportedd increased collagen synthesis in intervertebral discs following exposure to 

compressivee forces,141516 but the contribution of other connective tissues in other 

partss of the body to the serum concentrations of PICP and CTx cannot be ruled out. 

Typee I collagen is the major collagen type of the human body, it is found in all 

connectivee tissues, and particularly in those that are subjected to tension and 

compressionn like tendon, bone and the annulus fibrosus of intervertebral discs. PICP 

andd CTx have also been used to monitor the effects of weight-bearing physical 

exercisee on bone metabolism and tendons.5-6'10'13-18'20'21'25'28 However, very few studies 

actuallyy correlated the PICP or CTx concentrations to molecular changes in the 

structuress they claimed to measure. Associations have only been reported with bone 

minerall  density or bone scans3-8-9 and collagen concentrations in tendons measured 

byy microdialysis.21 Because of this non-specificity, an issue for further validation of 

PICPP and CTx is to combine assessment of these biomarkers with imaging data of 

relevantt structures. 
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Conclusions Conclusions 

Serumm concentrations of PICP and CTx indicated a higher turnover rate but similar 

effectivee synthesis in men exposed to heavy occupational physical back load when 

comparedd to men in sedentary occupations. This may be indicative of an increased 

typee I collagen content in the connective tissues as a result of adaptive remodeling in 

responsee to years of exposure to back load. However, further validation of these 

biomarkerss is required with respect to exposure-response relationships and temporal 

associationss between exposure to back load and biomarker concentrations. 

Furthermore,, to be able to draw conclusions on biological relevance of the biomarker 

concentrations,, associations with structural changes in intervertebral discs and other 

spinall  tissues need to be established. 
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Appendix x 

Tablee A. The frequency (percentage of group total) of reporting to be regularly/often engaged 

inin the activities and postures during work and time spent in physically demanding activities 

andand vehicle driving during leisure time, in the group of construction workers and in the 

groupgroup of sedentary workers. 

Work Work 

sitting g 

VDUU operation 

standing g 

walking g 

lifting/carryingg loads (> 5kg) 

lifting // carrying heavy loads (> 

pushing// pulling loads (>50kg) 

Constructionn workers (n=47) 

25kg) ) 

pushing// pulling heavy loads (>200kg) 

vehiclee driving 

postures s 

kneelingg / squating 

trunkk flexion / rotation 

uncomfortablee posture 

staticc posture 

leisureleisure time 

physicall  activities (hr.wk-1) 

vehiclee driving (hr.wk-1) 

freq freq 

3 3 

1 1 

41 1 

34 4 

42 2 

31 1 

16 6 

5 5 

19 9 

20 0 

29 9 

21 1 

22 2 

mean mean 

9.7 9.7 

6.9 9 

(%) (%) 

(6.5) ) 

(2.7) ) 

(89.1) ) 

(73.9) ) 

(91.3) ) 

(67.4) ) 

(34.8) ) 

(10.9) ) 

(41.3) ) 

(43.5) ) 

(63.0) ) 

(45.7) ) 

(47.8) ) 

(SD) (SD) 

(7.1) ) 

(4-7)) ) 

Sedentaryy workers (n=49) 

freq freq 
44 4 

36 6 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

18 8 

0 0 

4 4 

1 1 

29 9 

mean mean 

9.1 9.1 

7.0 0 

(%) (%) 

(93.6) ) 

(97.3) ) 

(2.0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(36.7) ) 

(0) ) 

(8.2) ) 

(2.0) ) 

(59.2) ) 

(SD) (SD) 

(5.6) ) 

(5.9) ) 
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