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Serumm markers of collagen metabolism to monitor 
thee effects of physical backload: 

aa longitudinal study among student nurses 



ChapterChapter 8 

Abstract Abstract 

Objectives.Too explore assessment of the response to physical back load at tissue level by 

biomarkerss of type I collagen metabolism. 

Methods.. In a prospective cohort study serum concentrations of markers of type I collagen 

synthesiss and degradation were assessed monthly in student nurses who worked as a nurse 

forr a period of six months, and compared to those in a reference group. The number of 

patientt handling activities was estimated based on observations at the workplace. Linear 

generalizedd estimating equations were used to analyze differences in serum concentrations 

off  the biomarkers between the exposed and the reference group as well as to analyze 

whetherr the number of patient handling activities was associated with serum concentrations 

off  the biomarkers. 

Results.. Serum concentrations of the biomarkers were found to be different between the 

groups.. The biomarkers reflected a higher anabolism of type I collagen in the exposed group 

whenn compared to the reference group. Within the exposed group, analysis on the effect of 

numberr of patient handling activities revealed that a higher exposure was associated with 

higherr effective type I collagen synthesis. 

Conclusions.. These results indicate that assessment of serum concentrations of these 

biomarkerss of type I collagen metabolism can provide a measure of the response to physical 

backk load on a group level. 

SubmittedSubmitted as: Kuiper JI, Verbeek ]HAM, Straub ]P, Everts V, Frings-Dresen, MHW. A longitudinal 
studystudy on biomarkers of back load. 
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Introductio n n 

Reviewss on epidemiological evidence on work-related risk factors for back disorders 

concludedd that there is evidence that physical demands of work (manual materials 

handling,, bending and twisting and heavy physical load) can be associated with the 

occurrencee or aggravation of low back symptoms.3-4'712'22 However, evidence on 

causall  relationships remains inconclusive due to the lack of knowledge as to the 

biologicall  relevance of different load parameters and the large variability between 

individuals.. Although methods and strategies to accurately assess external exposure 

ass well as biomechanical models to estimate the response of the tissues to these 

exposuress have been developed,1121 very littl e is known about biologically effective 

dosess and early biological effects in vivo. As indicators of changes at a tissue or 

molecularr level in the spinal structures, biomarkers may provide important 

complementaryy information. Unfortunately, there are no validated biomarkers to 

assesss the effects of back load available yet. Because of the complex anatomy of the 

backk and the multi-factorial etiology of back disorders it is complicated to identify 

relevantt biomarkers. Following the hypothesis that physical load causes responses in 

thee spinal structures leading to changes in metabolism of the extracellular matrix 

(ECM)) of connective tissues1 matrix metabolites could provide potential biomarkers 

off  the biological effects of back load on these structures. In connective tissues the 

extracellularr matrix is responsible for the overall structural integrity of the tissue. 

Whenn the level of load is slowly increased the result may be an adaptive remodeling 

off  the tissues. However, if the increase in load is sudden or large, the cells may not 

adaptt quickly enough and damage may result.2 Since type I collagen is one of the 

mainn constituents of the ECM of most connective tissues, among which the vertebral 

body,, apophyseal joints, ligaments, and the intervertebral disc, tissue responses can 

bee monitored by assessment of the kinetics of type I collagen synthesis and 

degradation.. Validated biomarkers have been developed for the analysis of type I 

collagenn turnover: synthesis can be assessed by analysis of serum concentrations of 

carboxyterminall  propeptide of type I collagen (PICP), whereas breakdown can be 

detectedd by analysis of carboxyterminal telopeptide region of type I collagen (CTx).18 

Thee ratio between PICP and CTx provides an estimate of type I collagen metabolism 

ass a dynamic process of synchronously occurring anabolic and catabolic effects. 
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Too explore these biomarkers of type I collagen metabolism as measures of physical 

backk load at tissue level, the association between the biomarkers and occupational 

exposuree to physical back load was investigated. The objective of the study was to 

determinee whether serum concentrations of PICP and CTx, and the ratio PICP/CTx 

inn subjects who were exposed to physical back load differ from those in a non-

exposedd reference group during a six-month period. Furthermore, it was 

investigatedd whether differences in exposure within the exposed group are 

associatedd with serum concentrations of PICP, CTx and their ratio. 

Subjectss and Methods 

DesignDesign and study population 

AA prospective study was performed among student nurses during a six-month work 

placementt period at the end of their vocational training. Apart from earlier short 

workk placement periods in the four-year training program, this was the first period 

inn which the students nurses performed nursing work for a long time at a stretch, for 

fourr days a week. Students were invited to participate if they had not had a job prior 

too the start of their vocational training. A total of 30 student nurses participated 

(threee males and 27 females). The participants went to different hospital 

departments;; ten participants spent the work placement period in the internal 

medicinee department, seven in the surgery department, six in the 

obstetrics/gynaecologyy department, four in the pediatric department and three in 

thee orthopedics department. Except for two participants who worked in regional 

hospitals,, all participants worked in an academic hospital. 

AA reference group of 30 students (two males and 28 females) was recruited 

amongg student nurses in the first year of their vocational training, when they had 

mostlyy theoretical education. 

Oncee every month, starting the week before the work placement period until 

onee month after the end of the period, the participants visited our institute to donate 

aa blood sample and to complete a questionnaire (tO - t7, see figure 1). The reference 

groupp did not donate blood on t7 because they had started to participate in a short 

workk placement period by then. Individual characteristics such as age, height, weight 

weree assessed using the baseline questionnaire. 
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Oct Oct 

Figuree 1. Outline of the experimental design. 

Furthermore,, the subjects were asked about the use of medicine and whether they 

sufferedd or had suffered from musculoskeletal traumas in the previous year, joint 

diseases,, liver or kidney diseases, blood diseases or metabolic diseases (like 

diabetes),, because of the potentially confounding effect on the serum concentrations 

off  the collagen markers. Table 1 presents characteristics of the study population. 

Participantss were fully informed about the procedures and filled out an informed 

consent.. The study was approved by the Ethics Committee of the Academic Medical 

Centerr / University of Amsterdam, The Netherlands. 

Tablee 1. Characteristics of study population. 

exposedd group (n=30) 

meanmean (sd) 

referencee group (n=30) 

meanmean (sd) 

agee (yr) 

heigthh (m) 

weightt (kg) 

bodyy mass index (kg.nr2) 

22.44 (1.9) 

1.733 (0.07) 

65.55 (7.8) 

21.88 (2.0) 

18.33 (1.4) 

1.722 (0.07) 

66.33 (11.2) 

22.44 (3.3) 

AssessmentAssessment of physical back load 

Exposuree to patient handling activities during the work placement period was 

estimatedd by means of on-site observations using TRAC (Task Recording and 

Analysiss on Computer).6 Each student nurse was observed for a full day shift in the 

thirdd or fourth month of the work placement period. The frequency and duration of 

activitiess involving patient handling were observed on a real time basis. These 

activitiess were divided into: liftin g patients, moving patients around in bed, transfer 
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off  patients from bed to (wheel)chair and vice versa, pushing/ pulling wheelchair or 

bedd with patient. 

Changess in exposure to physical back load during the work placement period 

weree assessed using the monthly questionnaire. Apart from the number of shifts they 

hadd worked per week, the student nurses were asked to estimate the percentage of 

workk time they had actually performed working tasks as opposed to observing 

seniorr nurses and taking breaks. 

Too estimate exposure to physical load during leisure time, all subjects were asked 

whetherr they had performed side jobs, and if so, for how many hours during the 

precedingg month. Based on job title, they were classified as either physically 

demandingg or not.5 Furthermore, subjects filled out whether they had been engaged 

inn physically demanding sports and other leisure time activities during the preceding 

month,, and if so for how many hours. 

ExposureExposure characteristics of the study population 

Thee results of the workplace observations showed that the average duration of a day 

shiftt was 8 hr and 7 min (sd 27 min). On average the student nurses lifted 5 patients 

perr shift (sd 7). Moving patients around in bed occurred on average once a day (sd 

2).. The average frequency of pushing or pulling a bed or a wheelchair with a patient 

wass 7 times (sd 7) and 2 (sd 3) times per shift respectively, with an average duration 

off  4.4 min (sd 5.5) and 21 sec (sd 40) per shift respectively. 

Inn the first month of the work placement period, the exposed subjects spent on 

averagee 46% (sd 17) of their work time performing tasks themselves, this percentage 

increasedd to 67% (sd 17) in the second month. In the last four months the average 

percentagee gradually increased from 74% (sd 15) in the third month to 80% (sd 10) in 

thee final month. 

Exceptt for the higher number of hours in physically demanding side jobs 

duringg the month preceding the start of the study, (exposed group: average 36, sd 22 

hr,, reference group: average 15, sd 21 hr, Student's Mest: p<0.01), there were no 

differencess between the two groups with respect to engagement in weight bearing 

sports/activitiess and physically demanding side jobs. At the different time points 

duringg the study period the average number of hours working in physically 

demandingg side jobs ranged from 13 to 19 hr per month in the exposed group and 

fromm 13 to 16 hr per month in the reference group. The average number of hours 
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spentt on weight bearing sports/leisure time activities ranged from 4 to 10 hr per 

monthh in the exposed and 4 to 9 hr per month in the reference group. 

Biomarkers Biomarkers 

Bloodd samples of 7 ml were collected by means of venipuncture in the antecubital 

vein.. To minimize the possible effect of circadian rhythmicity repeated blood 

sampless were drawn at about the same time of day. After coagulation the blood was 

centrifugedd and serum stored at -20°C until analyzed. The serum concentrations of 

PICPP were measured by the Prolagen-C sandwich ELISA (Metra Biosystems, 

Mountainn View, USA). CTx serum concentrations were analyzed using the serum 

CrossLaps™™ One Step ELISA (OSTEOMETER, Herlev, Denmark).19 Al l samples of 

eachh subject were analyzed with the same kit, with the subjects of both study groups 

randomlyy divided over 16 kits of each of the assays. Al l samples were analyzed in 

duplicate.. The intra-assay precision (coefficient of variation) was 3.5% for PICP and 

5.1%% for CTx, whereas the inter-assay coefficients of variation were 9.6% and 10.7%, 

respectively.. To illustrate the effective change in collagen metabolism, the PICP/CTx 

ratioo was calculated for each subject. 

StatisticalStatistical analysis 

Thee statistical analyses consisted of several steps. To test for baseline differences of 

thee serum concentrations of the biomarkers between the groups, analyses of variance 

weree performed for each of the biomarker parameters, with gender and body mass 

indexx (BMI) as covariables. To analyze whether the serum concentrations of the 

biomarkerss during the work placement period in the exposed group were different 

fromm those in the reference group linear generalized estimating equations (GEE) 

weree used.16 GEE accounts for the within-subject correlations between repeated 

measurements.. Both time-dependent and time-independent covariates can be 

analyzed.. GEE provides a pooled analysis of between-subjects and within-subjects 

associations.200 Separate analyses were performed with PICP, CTx, and the PICP/CTx 

ratioo concentrations during the work placement period (tl-t6) as the time-dependent 

outcomee variable and group and time (exact number of days) as the determinants. 

Thee interactions of "group*time", and "gender*group" were examined; if not 

significant,, the interaction term was removed from the model. Sub-analyses were 

performedd in the exposed group on the associations between the serum 
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concentrationss of each of the biomarkers and exposure to patient handling activities. 

Forr each of the three biomarker parameters, a GEE analysis was conducted with the 

biomarkerr values during the work placement period (tl-t6) as the time dependent 

outcomee variable, and the total number of patient handling activities during one day 

shiftt as time independent determinant and time (exact number of days) as additional 

determinant.. The interaction of "patient handling activities*gender" was examined; if 

nott significant, the interaction term was removed from the model. In all analyses, 

baselinee serum concentration of the outcome variable, BMI and gender were 

includedd into the model as time independent determinants. The Statistical Package 

forr Interactive Data Analysis (SPIDA. version 6.05) was used for GEE analyses. The 

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

thee analysis of variance. 

Results s 

BaselineBaseline values 

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

monthh in both groups are shown in Figure 2 A, B and C, respectively. Analysis of 

variancee showed that the two groups did not differ with respect to the baseline 

serumm concentrations of PICP (FJ/56=O.01, p=0.95), CTx (Fi,56=1.80, p=0.19) and the 

ratioo PICP/CTx (F]/56=1.78, p=0.19). 

ComparisonComparison of the exposed group and the reference group 

Thee results of the GEE analyses on the effect of group on the serum concentrations of 

PICP,, CTx and the PICP/CTx ratio during the six-month work placement period 

groupp are presented in Table 2. For PICP, the time course of the serum concentrations 

wass different for the two groups, as indicated by the significant interaction between 

timee and group (p=0.05). When corrected for this interaction, the regression 

coefficientt for group was significant (p=0.01). The regression coefficient for group 

wass negative, indicating that the serum concentrations of PICP were lower in the 

exposedd when compared with the reference group. In the CTx model, the regression 

coefficientt for group was also negative, but not significant (p=0.07). The PICP/CTx 

ratioo was higher in the exposed group (p<0.01). 
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131 1 



ChapterChapter 8 

Tablee 2. Regression coefficients and 95% confidence intervals of the GEE analyses with 

serumserum concentrations ofPICP, CTx and the PICP/CTx ratio measured once a month during 

thethe six-month work placement period as the outcome variables and group as the determinant, 

correctedcorrected for time, gender, body mass index (BMI) and interaction time*group if significant 

(n=60). (n=60). 

PICP P 

intercept t 

group0 0 

baselinee PICP 

time e 

gender* * 

bmi i 

time*group p 

CTx x 

intercept t 

group° ° 

baselinee Ctx 

time e 

gender" " 

bmi i 

PICP/CTx x 

intercept t 

group0 0 

baselinee ratio PICP/Ctx 

time e 

gender* * 

bmi i 

fi fi 

94.4 4 

-14.0 0 

0.7 7 

-0.2 2 

-14.4 4 

-0.3 3 

0.1 1 

0.9 9 

-0.1 1 

0.4 4 

0.0 0 

-0.3 3 

-0.0 0 

-404.4 4 

63.6 6 

0.3 3 

0.2 2 

149.3 3 

13.2 2 

44.3 3 

-24.2 2 

0.6 6 

-0.3 3 

-29.7 7 

-1.5 5 

0.0 0 

0.6 6 

-0.1 1 

0.3 3 

-0.0 0 

-0.4 4 

-0.0 0 

-729.9 9 

13.3 3 

0.2 2 

-0.3 3 

51.8 8 

4.0 0 

95%% CI 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

144.5 5 

-3.9 9 

0.8 8 

-0.0 0 

1.0 0 

0.9 9 

0.2 2 

1.3 3 

-0.0 0 

0.6 6 

0.0 0 

-0.1 1 

0.0 0 

-79.0 0 

113.9 9 

0.4 4 

0.5 5 

246.7 7 

22.4 4 

°° Group was coded: reference group=l, exposed group=2. 
nn Gender was coded: males=l, females=2. 
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Tablee 3. Regression coefficients and 95% confidence intervals of the GEE analyses with 

serumserum concentrations of PICP, CTx and the PICP/CTx ratio measured once a month during 

thethe six-month work placement period in the exposed group as the outcome variables, and the 

frequencyfrequency of patient handling activities in one shift as the determinant, corrected for time, 

gender,gender, body mass index (BMI), baseline value of the determinant and interaction 

gender*patientgender*patient handling activites (n=30). 

PICP P 

intercept t 

patientt  handling 

baselinee PICP 

time e 

gender" " 

bmi i 

gender*patientt handling* 

CTx x 

intercept t 

patientt  handling 

baselinee Ctx 

time e 

gender" " 

bmi i 

gender*patientt handling* 

PICP/CTx x 

intercept t 

patientt  handling 

baselinee ratio PICP/Ctx 

time e 

gender* * 

bmi i 

gender*patientt handling* 

fi fi 

86.9 9 

-5.1 1 

0.7 7 

-0.1 1 

-26.3 3 

-0.3 3 

2.6 6 

1.3 3 

-2.5 5 

0.3 3 

0.0 0 

-0.4 4 

-0.0 0 

1.2 2 

-856.4 4 

20.9 9 

0.3 3 

0.1 1 

259.6 6 

29.4 4 

-9.9 9 

95%% C] 

9.6 6 

-10.2 2 

0.6 6 

-0.0 0 

-45.6 6 

-3.0 0 

0.0 0 

0.9 9 

-4.1 1 

0.1 1 

-0.0 0 

-0.4 4 

-0.0 0 

0.4 4 

-1.228.7 7 

8.3 3 

0.1 1 

-0.4 4 

200.6 6 

16.0 0 

-16.4 4 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

[ [ 

164.2 2 

-0.0 0 

0.8 8 

-0.2 2 

-6.9 9 

2.4 4 

5.2 2 

1.6 6 

-0.9 9 

0.6 6 

0.0 0 

-0.3 3 

0.0 0 

2.1 1 

-484.1 1 

33.5 5 

0.5 5 

0.7 7 

318.5 5 

42.8 8 

-3.5 5 

**  Gender was coded: males=l, females=2 
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AssociationsAssociations between patient handling activities and biomarkers 

Tablee 3 shows the results of the GEE analyses on the associations between the serum 

concentrationss of each of the biomarkers and the PICP/CTx ratio during the work 

placementt period and the observed number of patient handling activities on a 

representativee day shift in that period. In the analyses of all three biomarker 

parameterss the interaction "gender * number of patient handling activities" was 

significantt (PICP, p=0.05; CTx, p<0.01; ratio PICP/CTx, p<0.01), indicating effect 

modificationn of gender. When corrected for these interaction effects, the regression 

coefficientss for patient handling in the models of PICP and CTx and the PICP/CTx 

ratioo were significant (PICP, p=0.05; CTx, p<0.01; ratio PICP/CTx, p<0.01). For PICP 

andd CTx the coefficient was negative, whereas for the PICP/CTx ratio a positive 

coefficientt was found. 

Discussion n 

Inn this longitudinal study, serum concentrations of biomarkers of type I collagen 

metabolismm were found to be different in subjects exposed to occupational physical 

backk load when compared to non-exposed subjects. Monthly repeated measures in 

healthyy young student nurses, exposed to physical back load for a period of six 

monthss showed lower serum concentrations of the marker of type I collagen 

anabolismm (PICP) when compared to the reference group. The concentrations of the 

markerr of catabolism (CTx) also tended to be lower, but this difference was not 

statisticallyy significant. The PICP/CTx ratio on the other hand was significantly 

higherr in the exposed subjects. Thus, in the six-month exposure period, type I 

collagenn metabolism was more anabolic in the exposed group. Within the exposed 

group,, longitudinal analyses on associations between biomarkers during the work-

placementt period and number of patient handling activities on a working day 

revealedd a similar picture as the analyses on the effect of group, i.e. higher exposure 

wass associated with lower concentrations of PICP and CTx but with a higher 

PICP/CTxx ratio. 

Thee longitudinal design of this study with monthly repeated measurements 

enabledd analysis of the temporal trend of biomarkers. Biological variation of the 

biomarkerss is considerable. In the statistical analyses adjustments were made for the 
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baselinee values of the biomarkers. Despite considerable intra- and interindividual 

variability,, serial comparison of values in exposed and reference subjects indicated 

thatt the effects of exposure exceeded the normal biological variability. As the 

referencee group had no occupational exposure, there was a considerable contrast in 

exposuree to physical back load between the two groups of student nurses. Nursing 

workk is known to be physically demanding, especially patient handling tasks have 

beenn characterized as hazardous with respect to low back disorders.12-13-17 The 

rationalee for the choice of student nurses as the study population was the relative 

lackk of occupational load history. Furthermore, the population consisted of young, 

healthyy subjects, limiting the confounding effects of degenerative connective tissue 

disorders. . 

Consideringg the fact that the longitudinal design and the selection of the study 

populationn confined the effects of potential confounders, the conclusion that the 

differencess in biomarker concentrations can be ascribed to the effects of physical load 

iss a plausible one. In healthy connective tissues, the cells respond to mechanical load 

byy increased synthesis of collagen. This adaptive remodeling serves to strengthen the 

tissuee to withstand higher forces.2 Unfortunately, assessment of collagen metabolites 

inn serum entails non-specificity, rendering discernment of the relative contributions 

off  connective tissues at specific sites in the human body difficult . However, by 

excludingg other factors affecting the biomarker concentrations a relative specificity 

forr relevant structures in the back could be obtained. The workplace observations in 

thiss study provided only crude exposure measures, but from biomechanical studies it 

iss known that in patient handling activities especially the spinal structures are 

subjectedd to high compression and shear forces.17 Experiments on cadaver spines and 

animall  studies showed that exposure to these forces was associated with increased 

collagenn synthesis in intervertebral discs.8-9'10. Most studies focussed on intervertebral 

discss since matrix changes and structural damage to this tissue are considered main 

featuress in the association between load and back disorders. However, adaptive 

remodelingg responses also occur in other spinal structures, as has been illustrated by 

thee finding of dense vertebrae in weight lifters, and osteophytes around the margins 

off  vertebral bodies in people involved in heavy manual labor.1 

Thiss study was not able to show a temporal correlation between exposure and 

effect.. Changes in exposure were assessed crudely, but the fact that the exposed 

groupp was unexposed at the start of the study, and spent a lot of time observing 
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seniorr nurses during the first months suggests of the study period, suggest an 

increasee in exposure during the first months which stabilized in the third month. 

However,, in the reference as well as the exposed groups, the biomarker 

concentrationss did not change significantly in time during the study period. PICP 

wass an exception, as the time course was significantly different between the groups, 

butt when the time course of PICP was analyzed separately for each group the 

changess in time were not significant in either group. Blood concentrations of type I 

collagenn metabolic markers most probably reflect the actual status of type I collagen 

metabolism.155 With respect to the time frame, it has been shown that in response to a 

singlee bout of strenuous exercise (i.e. running a marathon), type I collagen synthesis 

increased,, reaching a peak after three days and returning to baseline values five days 

afterr the run.14 The current study was not designed to assess the possible effects of 

acutee changes in physical load on collagen metabolism. The purpose of the monthly 

repeatedd measures of the biomarkers was to provide information on changes in the 

statee of the tissues. The state of the tissue and the level of adaptation determines the 

responsee in collagen metabolism. Degradation mainly occurs when load exceeds the 

strengthh of the tissue.15 The serum concentrations in the student nurses suggested 

thatt the level of back load did not cause enhanced degradation in the six-month 

studyy period, but merely yielded adaptive remodeling of the tissues. It would be 

interestingg to assess follow-up measures for several years in high-risk occupations to 

investigatee the long-term effects of back load. Also comparison of the responses in 

newlyy exposed workers and workers that have been exposed for years may provide 

usefull  information on the tissue responses to back load. 

However,, for the biomarkers of collagen type I metabolism to be useful in 

identifyingg relevant load parameters and assessing biologically effective doses, 

furtherr validation studies are needed. Most important aspects to be considered are 

tissuee specificity and individual dose-response relationships. Hence, we suggest that 

futuree studies should combine biomarkers of collagen synthesis and degradation 

withh imaging studies on molecular changes in specified tissues on the one hand, and 

withh biomechanical models estimating forces on the spinal structures on the other. 

Conclusions Conclusions 

Biomarkerss to monitor type I collagen metabolism were explored as potential 

instrumentss to assess the biological response to physical back load. Monthly 
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measurementss of serum concentrations of these biomarkers during a six-month 

periodd of exposure to patient handling showed relatively enhanced net synthesis of 

typee I collagen in exposed subjects when compared to non-exposed subjects. On a 

groupp level, these results indicate that this combination of biomarkers can provide a 

measuree of the response to physical back load. 
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