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Does aerobic exercise improve or impair cardiorespiratory
fitness and health among cleaners? A cluster randomized
controlled trial
by Korshøj M, Lidegaard M, Skotte JH, Krustrup P, Krause N,
Søgaard K, Holtermann A

A worksite aerobic exercise intervention among cleaners seems to
improve cardiorespiratory fitness, aerobic workload, resting and
sleeping heart rate but increases systolic blood pressure. Aerobic
exercise seems to induce extensive positive cardiovascular effects,
but recommendations of aerobic exercise should account for the
potential cardiovascular overload of workers with high occupational
physical activity and low cardiorespiratory fitness.
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Does aerobic exercise improve or impair cardiorespiratory fitness and health 
among cleaners? A cluster randomized controlled trial
by Mette Korshøj, MSc,1, 2 Mark Lidegaard, MSc,1 Jørgen H Skotte, MS,1 Peter Krustrup, PhD,2, 3 Niklas 
Krause, PhD,4 Karen Søgaard, PhD,5 Andreas Holtermann, PhD 1, 5

Korshøj M, Lidegaard M, Skotte JH, Krustrup P, Krause N, Søgaard K, Holtermann A. Does aerobic exercise 
improve or impair cardiorespiratory fitness and health among cleaners? A cluster randomized controlled trial. 
Scand J Work Environ Health – online first. doi:10.5271/sjweh.3475

Objective   It is unknown if aerobic exercise overloads or improves the cardiovascular system among workers 

with high occupational physical activity. This was investigated in a worksite randomized controlled trial (RCT) 

of aerobic exercise among cleaners. 

Methods   We randomized 116 cleaners between 18–65 years. The aerobic exercise group (N=57) performed 

worksite aerobic exercise (30 minutes twice a week) and the reference group (N=59) received lectures. Cardiore-

VSLUDWRU\�¿WQHVV��EORRG�SUHVVXUH��%3��DQG�GLXUQDO�KHDUW�UDWH��+5��IRU�PHDVXULQJ�DHURELF�ZRUNORDG�>��+5�UHVHUYH�
���+55�@�ZHUH�FROOHFWHG�DW�EDVHOLQH�DQG�DIWHU�IRXU�PRQWKV��$�UHSHDWHG�PHDVXUH��×��PXOWL�DGMXVWHG�PL[HG�PRGHO�
design was applied to compare the between-group differences in an intention-to-treat analysis. 

Results   %HWZHHQ�JURXS�GLIIHUHQFHV��3�������ZHUH�IRXQG��FDUGLRUHVSLUDWRU\�¿WQHVV�����>VWDQGDUG�HUURU��6(��
���@�PO�2��× min-1 × kg-1�>����FRQ¿GHQFH�LQWHUYDO������&,�����±���@��DHURELF�ZRUNORDG��������6(��������+55�
�����&,������±��������UHVWLQJ�+5�������6(������ESP�������&,�����±���������VOHHSLQJ�+5�������6(������ESP������
&,������±���������DQG�V\VWROLF�%3������6(������PP+J������&,����±�����
Conclusions   :RUNVLWH�DHURELF�H[HUFLVH�VHHPV�WR�LPSURYH�FDUGLRUHVSLUDWRU\�¿WQHVV��DHURELF�ZRUNORDG��DQG�UHVW-
LQJ�DQG�VOHHSLQJ�+5��EXW�LQFUHDVH�V\VWROLF�%3�DPRQJ�FOHDQHUV��%HQH¿FLDO�SK\VLRORJLFDO�FDUGLRYDVFXODU�HIIHFWV�
DUH�VHHQ�IURP�DHURELF�H[HUFLVH��EXW�DOVR�D�KDUPIXO�HIIHFW�LV�HYLGHQW��7KHUHIRUH��UHFRPPHQGDWLRQV�VKRXOG�WDNH�
into consideration the potential cardiovascular overload from additional aerobic exercise on workers with high 

levels of occupational physical activity.

Key terms   $FWLKHDUW��DHURELF�WUDLQLQJ��DHURELF�ZRUNORDG��EORRG�SUHVVXUH��'HQPDUN��SK\VLFDO�DFWLYLW\��SK\VLFDO�
ZRUN�GHPDQG��5&7��UHVWLQJ�KHDUW�UDWH��VOHHSLQJ�KHDUW�UDWH��VWHS�WHVW��ZRUN�GHPDQG��ZRUNVLWH�LQWHUYHQWLRQ

1 1DWLRQDO�5HVHDUFK�&HQWUH�IRU�WKH�:RUNLQJ�(QYLURQPHQW��&RSHQKDJHQ����'HQPDUN�
�� 'HSDUWPHQW�RI�1XWULWLRQ��([HUFLVH�DQG�6SRUWV��&RSHQKDJHQ�&HQWUH�IRU�7HDP�6SRUW�DQG�+HDOWK��8QLYHUVLW\�RI�&RSHQKDJHQ��&RSHQKDJHQ�1��'HQPDUN�
3 6SRUW�DQG�+HDOWK�6FLHQFHV��&ROOHJH�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��6W��/XNH¶V�&DPSXV��8QLYHUVLW\�RI�([HWHU��([HWHU��8QLWHG�.LQJGRP�
�� 'HSDUWPHQW�RI�(QYLURQPHQWDO�+HDOWK�6FLHQFHV�DQG�'HSDUWPHQW�RI�(SLGHPLRORJ\��)LHOGLQJ�6FKRRO�RI�3XEOLF�+HDOWK��6RXWKHUQ�&DOLIRUQLD�1,26+�

(GXFDWLRQ�DQG�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�&DOLIRUQLD�/RV�$QJHOHV��/RV�$QJHOHV��&$��86$�
5 ,QVWLWXWH�RI�6SRUWV�6FLHQFH�DQG�&OLQLFDO�%LRPHFKDQLFV��8QLYHUVLW\�RI�6RXWKHUQ�'HQPDUN��2GHQVH�0��'HQPDUN�

&RUUHVSRQGHQFH�WR��0HWWH�.RUVK¡M��06F��1DWLRQDO�5HVHDUFK�&HQWUH�IRU�WKH�:RUNLQJ�(QYLURQPHQW��/HUV¡�3DUNDOOp�����������&RSHQKDJHQ�
���'HQPDUN��>(PDLO��mkl@nrcwe.dk@

$� UHFHQW�PHWD�DQDO\VLV� ���� UHSRUWV� WKDW�PRGHUDWH� DQG�
high levels of occupational physical activity increase 

the risk of cardiovascular GLVHDVH��&9'���7KH�ULVN�IRU�
&9'� LV� HVSHFLDOO\� VWURQJ� DPRQJ�ZRUNHUV�ZKR� KDYH�
high levels of occupational physical activity combined 

ZLWK�ORZ�FDUGLRUHVSLUDWRU\�¿WQHVV���������&RPSDUHG�WR�D�
ZRUNHU�ZLWK�KLJK�FDUGLRUHVSLUDWRU\�¿WQHVV��ZRUNHUV�ZLWK�
ORZ�FDUGLRUHVSLUDWRU\�¿WQHVV�H[SHUience a higher relative 

aerobic workload when performing the same physical 

ZRUN�WDVN������/RQJ�WHUP�KLJK�UHODWLYH�DHURELF�ZRUNORDG�
can cause harmful arterial wall stress (5) causing athero-

VFOHURVLV������7KHUHIRUH��D�EDODQFHG�UHODWLRQVKLS�EHWZHHQ�
RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\�DQG�FDUGLRUHVSLUDWRU\�¿W-
ness of the worker is recommended for reducing overall 

risk of work-related cardiovascular overstrain (7–9). 

6SHFL¿FDOO\��WKH�,QWHUQDWLRQDO�/DERXU�2UJDQL]DWLRQ�KDV�
recommended that the average aerobic workload should 

QRW�H[FHHG�����GXULQJ�DQ���KRXU�ZRUNLQJ�GD\�����������

mailto:mkl@nrcwe.dk
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+HDUW� UDWH� UHVHUYH� �+55�� LV� D� YDOLGDWHG� REMHFWLYH�
PHDVXUH�RI�UHODWLYH�DHURELF�ZRUNORDG��LH��WKH�UHODWLRQVKLS�
EHWZHHQ�SK\VLFDO�ZRUN�GHPDQGV�DQG�D�ZRUNHU¶V�DHURELF�
FDSDFLW\� �FDUGLRUHVSLUDWRU\� ILWQHVV�� ����� �����+55� LV�
DVVHVVHG�E\�UHVWLQJ�KHDUW�UDWH��ZKLFK�GHSHQGV�RQ�FDUGLR-

UHVSLUDWRU\�¿WQHVV��DQG�PD[LPDO�KHDUW�UDWH��+5max���ZKLFK�
GHSHQGV� RQ� DJH� ������ DQG� LV� WKHUHE\� DSSOLFDEOH� DFURVV�
workers of varying age and aerobic capacities (15). 

$Q�LPEDODQFH�EHWZHHQ�SK\VLFDO�ZRUN�GHPDQGV�DQG�
FDUGLRUHVSLUDWRU\�¿WQHVV�FDQ�EH�WDUJHWHG�HLWKHU�E\�UHGXF-
ing physical work demands or enhancing cardiorespira-

WRU\� ¿WQHVV� ���� ��� RU� WKH� FRPELQDWLon thereof. To our 

NQRZOHGJH��D�UHGXFWLRQ�RI�WKH�UHODWLYH�DHURELF�ZRUNORDG�
by aerobic exercise has not yet been shown to be suc-

FHVVIXO�DPRQJ�EOXH�FROODU�ZRUNHUV��+LJK�TXDOLW\�DHURELF�
exercise interventions among workers with high levels 

of occupational physical activity are few and with con-

ÀLFWLQJ�¿QGLQJV����±�����HVSHFLDOO\�UHJDUGLQJ�FDUGLRYDV-
FXODU� ULVN� IDFWRUV�VXFK�DV�FDUGLRUHVSLUDWRU\�¿WQHVV�DQG�
EORRG�SUHVVXUH��%3������������

$FWXDOO\�� LW� KDV� EHHQ� GLVFXVVHG� LQ� WKH� OLWHUDWXUH��
whether introducing aerobic exercise could overload and 

thereby impair the cardiovascular system among work-

ers with high levels of occupational physical activity 

����������:RUNHUV�ZLWK�KLJK�OHYHOV�RI�RFFXSDWLRQDO�SK\VL-
FDO�DFWLYLW\�RIWHQ�KDYH�D�ORZ�FDUGLRUHVSLUDWRU\�¿WQHVV�����
��±���� DQG� OLPLWHG� DELOLW\� IRU� SDXVHV� DQG� UHVWLWXWLRQ��
which may result in an increased risk of overloading 

DQG� LPSDLULQJ� WKH� FDUGLRYDVFXODU� V\VWHP� ������7KXV��
an aerobic exercise intervention may affect factors for 

cardiovascular disease both positively and negatively. 

&OHDUO\��LW�LV�LPSRUWDQW�WR�LQYHVWLJDWH�LI�DHURELF�H[HUFLVH�
among workers with high occupational physical activity 

will reduce their cardiovascular risk.

Cleaning is characterized by high levels of occupa-

WLRQDO�SK\VLFDO� DFWLYLW\� ��������������&OHDQHUV¶� FDUGLR-

UHVSLUDWRU\�¿WQHVV�KDV�EHHQ�GHVFULEHG�DV�UHODWLYHO\�ORZ��
DQG� FRQVHTXHQWO\� D� KLJK� UHODWLYH� DHURELF�ZRUNORDG� LV�
H[SHFWHG����������0RUHRYHU��D�KLJK�SUHYDOHQFH�RI�RWKHU�
cardiovascular risk factors including hypertension and 

REHVLW\� ����� ����� DQG� DQ� RYHUDOO� HOHYDWHG� &9'� ULVN�
KDYH�EHHQ�UHSRUWHG�DPRQJ�FOHDQHUV�����������&ODVVLFDO�
interventions have aimed to lower the relative aero-

bic workload among cleaners through the ergonomic 

LPSURYHPHQW� RI� WRROV� ���±�����$GGLWLRQDOO\�� D� QDWXUDO�
H[SHULPHQW� KDV�EHHQ�XVHG� WR� HYDOXDWH�ZRUN� WHFKQLTXH�
and organizational aspects in relation to relative aero-

ELF�ZRUNORDG�������+RZHYHU��WKHVH�VWXGLHV�GLG�QRW�¿QG�
VLJQL¿FDQW� UHGXFWLRQV� LQ� WKH� UHODWLYH�DHURELF�ZRUNORDG�
by intervening on the physical work demands with 

HUJRQRPLF�RU�RUJDQL]DWLRQDO�LQWHUYHQWLRQV��$Q�DOWHUQD-
tive approach to decrease the aerobic workload is an 

intervention aimed at enhancing the cardiorespiratory 

¿WQHVV�ZLWK�DHURELF�H[HUFLVH��&OHDQHUV�WKHUHIRUH�FRQVWL-
tute a suitable study population to investigate if worksite 

DHURELF�H[HUFLVH�ZLOO�LPSURYH�FDUGLRUHVSLUDWRU\�¿WQHVV��
relative aerobic workload and cardiovascular risk factors 

among workers with high occupational physical activity. 

7KH�PDLQ�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�
if a worksite aerobic exercise intervention will improve 

FDUGLRUHVSLUDWRU\�¿WQHVV��UHODWLYH�DHURELF�ZRUNORDG��DQG�
other cardiovascular risk factors in a cluster random-

ized controlled trial (RCT) among cleaners. The main 

hypotheses of the study were that the worksite aerobic 

exercise intervention would (i) increase the cardiorespi-

UDWRU\�¿WQHVV�� �LL�� GHFUHDVH� WKH� DHURELF�ZRUNORDG�� DQG�
�LLL�� QRW�PRGLI\�%3� RU� UHVWLQJ� DQG� VOHHSLQJ� KHDUW� UDWH�
(testing the null hypothesis).

Methods 

Study design

$V�SDUW�RI�D�FOXVWHU�5&7��WKH�LQWHUYHQWLRQ�ZDV�GLYLGHG�
into two phases with different aims. The aim of phase 

RQH��IURP�EDVHOLQH�WR���PRQWKV�IROORZ�XS��ZDV�WR�HYDOX-

DWH�WKH�HI¿FDF\�RI�WKH�LQWHUYHQWLRQ�RQ�FDUGLRUHVSLUDWRU\�
¿WQHVV��DHURELF�ZRUNORDG��DQG�FDUGLRYDVFXODU�ULVN�IDF-
WRUV��2XWFRPHV�ZHUH�PHDVXUHG�DW�EDVHOLQH��DQG�DJDLQ�DW�
���DQG����PRQWKV�DIWHU�EDVHOLQH�������7KH�SUHVHQW�SDSHU�
UHSRUWV�WKH�UHVXOWV�IURP�WKH�¿UVW�LQWHUYHQWLRQ�SKDVH���±��
PRQWKV��RQ�FDUGLRUHVSLUDWRU\�¿WQHVV�DQG�FDUGLRYDVFXODU�
risk factors. 

7KH�'DQLVK�'DWD�3URWHFWLRQ�$JHQF\�DQG�WKH�(WKLFV�
&RPPLWWHH�IRU�WKH�UHJLRQDO�FDSLWDO�LQ�'HQPDUN��MRXUQDO�
QXPEHU�+�������������DSSURYHG�WKH�VWXG\��ZKLFK�ZDV�
FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�+HOVLQNL�'HFODUDWLRQ�
DQG� LV� UHJLVWHUHG� DV� ,65&71��������� LQ� WKH� &XU-
rent Controlled Trials (www.controlled-trials.com/

,65&71��������). 

Recruitment of worksites and study participants

Cleaning companies in the suburban area of Copenha-

JHQ��'HQPDUN��ZHUH�UHFUXLWHG�YLD�GLUHFW�SKRQH�RU�HPDLO�
contact to the management. If the company expressed an 

LQWHUHVW�LQ�WKH�SURMHFW��D�PHHWLQJ�ZDV�DUUDQJHG�EHWZHHQ�
the research group and company management. If the 

FRPSDQ\�DJUHHG�WR�SDUWLFLSDWH��ZULWWHQ�LQIRUPDWLRQ�DERXW�
WKH�DLP��FRQWHQW�DQG�DFWLYLWLHV�LQYROYHG�LQ�SDUWLFLSDWLRQ�
�SURMHFW�DFWLYLWLHV��ZDV�GLVWULEXWHG�WR�DOO�HPSOR\HG�FOHDQ-

HUV��DQG�WKH\�ZHUH�DOVR�LQYLWHG�WR�DQ�LQIRUPDWLRQ�PHHWLQJ��
(PSOR\HG�FOHDQHUV�FRPSOHWHG�D�VFUHHQLQJ�TXHVWLRQQDLUH��
FROOHFWLQJ� EDFNJURXQG� LQIRUPDWLRQ� VXFK� DV� HWKQLFLW\��
VPRNLQJ�VWDWXV��MRE�VHQLRULW\��DQG�OHYHOV�RI�SK\VLFDO�DFWLY-

LW\�GXULQJ�ZRUNLQJ�KRXUV�DQG�OHLVXUH�WLPH�������$GGLWLRQ-

DOO\��WKH�FOHDQHUV�ZHUH�DVNHG�LI�WKH\�ZLVKHG�WR�SDUWLFLSDWH�
LQ�WKH�VWXG\��DQG�LI�QRW��WKH�UHDVRQ�ZK\��

www.controlled-trials.com/ISRCTN86682076
www.controlled-trials.com/ISRCTN86682076
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$W�FRPSDQ\�OHYHO��VWXG\�LQFOXVLRQ�FULWHULD�ZHUH�VWDII�
RI�!���HPSOR\HG�FOHDQHUV�DQG�PDQDJHPHQW¶V�SHUPLVVLRQ�
IRU�FOHDQHUV�WR�SDUWLFLSDWH�LQ�WKH�SURMHFW�DFWLYLWLHV�GXULQJ�
SDLG�ZRUNLQJ�WLPH��$W�SDUWLFLSDQW�OHYHO��LQFOXVLRQ�FULWHULD�
ZHUH�DJH���±���\HDUV��HPSOR\PHQW�DV�FOHDQLQJ�DVVLVWDQW�
IRU�!���KRXUV�SHU�ZHHN��DQG�VLJQHG�LQIRUPHG�FRQVHQW�WR�
participate in the study. 

The only exclusion criterion for participating in the 

LQWHUYHQWLRQ�ZDV� SUHJQDQF\��+RZHYHU�� WKH� IROORZLQJ�
FRQGLWLRQV�H[FOXGHG�SDUWLFLSDWLRQ�LQ�WKH�VSHFL¿F�SK\VLFDO�
FDSDFLW\�WHVWV��FRQJHVWLYH�KHDUW�IDLOXUH��KRVSLWDO�DGPLV-
sion for myocardial infarction or acute coronary syn-

GURPH�ZLWKLQ�WKH�ODVW�WZR�\HDUV��DQJLQD�SHFWRULV��VHYHUH�
K\SHUWHQVLRQ� �����������PP+J��� VHULRXV� RU� FKURQLF�
LOOQHVV��VHYHUH�WUDXPD��IUHTXHQW�PLJUDLQH��DQG�IHYHU�RQ�
WKH�GD\�RI�WHVWLQJ��$OOHUJ\�WR�DGKHVLYH�SODVWHUV�H[FOXGHG�
SDUWLFLSDWLRQ�LQ�GLXUQDO�+5�PHDVXUHPHQWV��

Randomization

5DQGRPL]DWLRQ�ZDV�SHUIRUPHG�DW�FOXVWHU�OHYHO��$�FOXVWHU�
ZDV�VHW�ZLWKLQ�VWUDWD��DQG�VWUDWXPV�ZHUH�IRUPHG�DFFRUG-

ing to which manager the participant reported. Clusters 

ZHUH�EDODQFHG�RQ�JHRJUDSKLFDO�ZRUN� ORFDWLRQ��JHQGHU��
DJH�� DQG� MRE� VHQLRULW\��7R�PLQLPL]H� LPEDODQFH� DFURVV�
VHYHUDO�VWUDWD��WKH�FOXVWHUV�ZHUH�SDLUHG�DFFRUGLQJ�WR�QXP-

EHU�RI�SDUWLFLSDQWV��JHQGHU��DJH��DQG�MRE�VHQLRULW\��ZLWKLQ�
HDFK�VWUDWXP��$�VWUDWXP�ZDV�QDPHG�DOSKDEHWLFDOO\��DQG�
a cluster was named consecutively within each stratum. 

The randomization was carried out by a researcher 

blinded to the identity of the partLFLSDQWV�� VWUDWD�� DQG�
clusters. Three researchers supervised the reliability 

RI� WKH� UDQGRPL]DWLRQ� SURFHGXUH��$OO� SDLUHG� FOXVWHUV�
DVVLJQHG� WR� WKH� VSHFL¿F� VWUDWXP�ZHUH� GUDZQ� IURP� DQ�
RSDTXH�� WRVVHG� EDJ� DQG�ZHUH� DOWHUQDWHO\� DOORFDWHG� WR�
HLWKHU� UHIHUHQFH� RU� DHURELF� H[HUFLVH� JURXS�� GHSHQGLQJ�
RQ�WKH�ÀLS�RI�D�FRLQ��7DLOV�GHFLGHG�DOORFDWLRQ�RI�WKH�¿UVW�
of the two drawn paired clusters to the reference group 

and heads to the aerobic exercise group. The second of 

the two drawn paired clusters was allocated to the group 

RSSRVLWH�WR�WKH�¿UVW�������

Intervention

'XULQJ�WKH�LQWHUYHQWLRQ��WKH�UHIHUHQFH�JURXS�ZDV�RIIHUHG�
two lectures of two hours each. The aerobic exercise 

JURXS�ZDV�RIIHUHG�VXSHUYLVHG�DHURELF�H[HUFLVH�RI��×30 

PLQXWHV�ZHHN��LQ�WRWDO����VHVVLRQV��$OO�SURMHFW�DFWLYLWLHV�
ZHUH�FDUULHG�RXW�GXULQJ�SDLG�ZRUNLQJ�KRXUV��DW�RU�QHDUE\�
WKH�ZRUNVLWH��7KH�OHFWXUHV�DGGUHVVHG�KHDOWK\�OLYLQJ��EXW�
QRW� SK\VLFDO� DFWLYLW\�� DQG� SDUWLFLSDQWV�ZHUH� LQYLWHG� WR�
suggest topics. The aerobic exercise was aimed to be 

SHUIRUPHG�DW�DQ�LQWHQVLW\�RI������RI�PD[LPDO�R[\JHQ�
FRQVXPSWLRQ��92�PD[) for enhancing the cardiorespira-

WRU\�¿WQHVV�������7KURXJK�D�PRGL¿HG�LQWHUYHQWLRQ�PDS-

SLQJ�DSSURDFK�������WKH�DHURELF�H[HUFLVHV�ZHUH�WDLORUHG�
to each of the enrolled companies individually (35). 

The following two key points determined the interven-

WLRQ� SURWRFRO�� �L�� )HDVLELOLW\�� LW� VKRXOG� EH� SRVVLEOH� WR�
execute the aerobic exercise at or nearby the enrolled 

FRPSDQ\�� GXULQJ�SDLG�ZRUNLQJ�KRXUV�� �LL��0RWLYDWLRQ��
the intervention activities should apply to the partici-

SDQWV¶�SUHIHUHQFHV��,Q�RUGHU�WR�PHHW�WKHVH�UHTXLUHPHQWV��
FRPSDQ\�VSHFL¿F�LQWHUYHQWLRQ�SURWRFROV�Zere developed 

in collaboration between researchers and representatives 

IURP� WKH� FRPSDQ\�PDQDJHPHQW�� HPSOR\HG� FOHDQHUV��
and union. 

Data collection 

$OO� SDUWLFLSDQWV�ZHUH� WHVWHG� DW� EDVHOLQH� DQG� DIWHU� WKH�
��PRQWKV� LQWHUYHQWLRQ� SHULRG��7KH� WHVW� FRQVLVWHG� RI� D�
VWUXFWXUHG� LQWHUYLHZ�� SK\VLFDO� WHVWLQJ� RI� KHDOWK�� DQG�
FDSDFLW\�UHODWHG�PHDVXUHV� DQG� REMHFWLYH� GLXUQDO�PHD-

VXUHV� RI� +5� ������ 3DUWLFLSDQWV� JRW� LQVWDQW� IHHGEDFN�
IURP� WKH� SK\VLFDO� WHVWLQJ�� 3DUWLFLSDQWV�ZHUH� HQFRXU-
aged to contact a physician if their systolic or diastolic 

%3� H[FHHGHG� UHFRPPHQGHG� OHYHOV� ������ DQG�RU� ����
PP+J��������+5�ZDV�PHDVXUHG�RYHU�IRXU�GD\V��PRVWO\�
WZR�ZRUNLQJ�DQG� WZR�QRQ�ZRUNLQJ�GD\V���3DUWLFLSDQWV�
were instructed in how to wear the monitor and to write 

D�ORJ�RI�ZRUNLQJ�KRXUV��VOHHSLQJ�DQG�ZDNLQJ�WLPH��DQG�
WLPH�SHULRGV� VSHQW�ZLWKRXW�PRQLWRUV��'XULQJ� WKH�GLXU-
QDO�PHDVXUHPHQWV��SDUWLFLSDQWV�ZHUH�DVNHG�WR�OLYH�WKHLU�
normal every-day life.

7KH�LQWHUYLHZ�DVVHVVHG�VH[��HGXFDWLRQ��RFFXSDWLRQDO�
JURXS�� HPSOR\PHQW� VWDWXV�� MRE� VHQLRULW\�� OHYHO� RI� SHU-
FHLYHG�H[HUWLRQ�GXULQJ�ZRUN�RQ�D��±���VFDOH�������RFFX-

SDWLRQDO�DQG�OHLVXUH�WLPH�SK\VLFDO�DFWLYLW\�������JHQHUDO�
KHDOWK�������GLDJQRVHG�LOOQHVVHV��and daily use of heart 

disease or anti-hypertension medication. The interview 

approach was chosen with the aim of collecting back-

ground data without missing observations because many 

RI�WKH�SDUWLFLSDQWV�DUH�QRW�HWKQLF�'DQHV�DQG�KDYH�SRRU�
reading and writing skills.

3K\VLFDO� H[DPLQDWLRQV�PHDVXUHG� ERG\�ZHLJKW� �NJ��
DQG� IDW� ����ZLWK�D�ELRHOHFWULF�LPSHGDQFH�DQDO\VLV� WRRO��
7DQLWD�%&������7DQLWD�&RUS��7R\NR��-DSDQ���KHLJKW�ZLWK�
6HFD�PRGHO��������������DQG�ZDLVW�FLUFXPIHUHQFH�ZLWK�
6HFD�PRGHO������6HFD��+DPEXUJ��*HUPDQ\���7KH�ZDLVW�
ZDV�GH¿QHG�DV�WKH�QDUURZHVW�SRLQW�EHWZHHQ�WKH�ORZHVW�ULE�
DQG�WKH�LOLDF�FUHVW�����������%RG\�PDVV�LQGH[��%0,���ZDV�
calculated as body weight (kg) divided by body height 

VTXDUHG��P���������7KUHH�%3�PHDVXUHPHQWV�ZHUH�FROOHFWHG�
ZLWK�2PURQ�0��&RPIRUW� �2PURP�+HDOWKFDUH��.\RWR��
-DSDQ��RQ�WKH�XSSHU�OHIW�DUP�DIWHU�PLQLPXP��5 minutes 

RI� VLWWLQJ� UHVW�� /HYHO� RI� FDUGLRUHVSLUDWRU\� ¿WQHVV�ZDV�
HVWLPDWHG�E\�D�VXE�PD[LPDO�VWHS�WHVW������FRQGXFWHG�RQ�
a bench of 30 cm height for females and 35 cm for males. 

6WHS�IUHTXHQF\�ZDV�LQFUHDVHG�IURP�����VWHSV�SHU�VHFRQG�
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WR�PD[LPDO�����VWHSV�SHU�VHFRQG��DW�PD[LPDO�VL[�PLQXWHV�
of testing time. The step test was terminated when the 

participant could no longer keep the stepping rhythm or 

SURSHUO\�H[WHQG�WKH�NQHH��0HDVXUHPHQWV�ZHUH�FRQGXFWHG�
with participants wearing light clothes and no shoes.  

7KH� GLXUQDO�PHDVXUHPHQWV� RI�+5�ZHUH� SHUIRUPHG�
ZLWK�$FWLKHDUW� �&DPQWHFK��&DPEULGJH��8.���$FWLKHDUW�
LV�YDOLGDWHG�IRU�PHDVXUHPHQW�RI�+5��+5�YDULDELOLW\��DQG�
HVWLPDWLRQ�RI�HQHUJ\�H[SHQGLWXUH�LQ�WKH�¿HOG�����������7KH�
electrocardiographic raw signals are measured with a sen-

VLWLYLW\�RI������P9��DQG�+5�LV�FDOFXODWHG�DV�WKH�QXPEHU�
RI�5�SHDNV�LQ�WKH�456�FRPSOH[�SHU�PLQXWH��%HIRUH�PHD-
VXUHPHQW��WKH�$FWLKHDUW�PRQLWRU�ZDV�LQLWLDOL]HG�E\�JHQGHU�
DQG�DJH��DQG�PRXQWHG�ZLWK�DJ�DJ�FO�SUH�JHOOHG�HOHFWURGHV�
�$PEX�EOXH� VHQVRU�9/����6�����$PEX�%DOOHUXS��'HQ-

PDUN��DW�RQH�RI�WKH�YDOLGDWHG�ERG\�SRVLWLRQV�������
'XULQJ�WKH�LQWHUYHQWLRQ�SHULRG��WKH�LQVWUXFWRU�UHJLV-

tered participation in the aerobic exercise group at every 

VHVVLRQ��$GGLWLRQDOO\��$FWLKHDUW�ZDV� XVHG� WR�PHDVXUH�
the intensity of the aerobic exercise every fourth week 

DW�RQH�VHVVLRQ��ZKLFK�ZDV�FDOFXODWHG�LQ�SHUFHQW�RI�+55�
������+55�ZDV� GH¿QHG� DV� WKH� GLIIHUHQFH� EHWZHHQ� WKH�
HVWLPDWHG�+5max������DQG�WKH�VOHHSLQJ�+5��6+5���ZLWK�
6+5�GH¿QHG�DV�WKH���th�ORZHVW�UHFRUGHG�+5�YDOXH�GXU-
LQJ����KRXUV�������+55�UHSUHVHQWV�WKH�ZRUNHUV�UHODWLYH�
DHURELF�ZRUNORDG�DV�WKH�UDQJH�EHWZHHQ�6+5�DQG�+5max 

������+55� LV� EDVHG� RQ�PHDVXUHG�+5� WKURXJKRXW� WKH�
���KRXU�PHDVXUHPHQWV�� DQG� UHÀHFWV�ERWK�SK\VLFDO� DQG�
psychosocial demands (50).

Sample size

7KH� SRZHU� FDOFXODWLRQ�� SHUIRUPHG� SULRU� WR� WKH� VWXG\��
showed that the expected increase in cardiorespiratory 

¿WQHVV�RI����ZRXOG�WDNH����SDUWLFLSDQWV�LQ�HDFK�RI�WKH�
WZR�LQWHUYHQWLRQ�JURXSV�WR�VKRZ�VLJQL¿FDQFH�DW�D�OHYHO�
RI�������6DPSOH�VL]H�FDOFXODWLRQV�DVVXPHG�UHFUXLWPHQW�
RI�����RI�HOLJLEOH�FOHDQHUV�DQG�D�GURSRXW�UDWH�RI�����
during the intervention (35). 

Statistical analysis

7KH�SULPDU\�RXWFRPH�RI�WKLV�WULDO�LV���PRQWKV�FKDQJH�LQ�
FDUGLRUHVSLUDWRU\�¿WQHVV��PO�2��× min-1 × kg-1���6HFRQG-

DU\�RXWFRPHV�DUH���PRQWKV�FKDQJHV�LQ�UHODWLYH�DHURELF�
ZRUNORDG� ���+55���5+5� LQ� EHDWV�SHU�PLQXWH� �ESP���
6+5��ESP���DQG�UHVWLQJ�V\VWROLF�%3��PP+J���2QO\�+5�
PHDVXUHPHQWV�ZLWK�EHDW�HUURU�RI������ZHUH� LQFOXGHG�
WR�PHHW�WKH�GDWD�TXDOLW\�FULWHULD�VHW�E\�6NRWWH�DQG�FRO-
leagues (51). 

(WKQLFLW\�ZDV�FODVVL¿HG�DV�ZHVWHUQ�RU�QRQ�ZHVWHUQ�
EDVHG� RQ� FRXQWU\� RI� ELUWK��$OO� (XURSHDQ� FRXQWULHV��
$XVWUDOLD��&DQDGD��DQG�86$�ZHUH�FRQVLGHUHG�ZHVWHUQ��
7KH�PHDQ�RI�WKH�VHFRQG�DQG�WKLUG�%3�PHDVXUHPHQW�ZDV�
calculated and evaluated as a secondary outcome. 

Statistical analysis

6WDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�6366�VWDWLVWLFV�
VRIWZDUH��YHUVLRQ������,%0�&RUS��$UPRQN��1<��86��DQG�
WKH�6$6�VWDWLVWical software for Windows (version 9.3) 

�6$6�,QVWLWXWH��&DU\��1&��86��
$OO�DQDO\VHV�ZHUH�SHUIRUPHG�DFFRUGLQJ�WR�WKH�LQWHQ-

WLRQ�WR�WUHDW� SULQFLSOH�� LQ�ZKLFK� DOO� UDQGRPL]HG� SDU-
WLFLSDQWV� DUH� LQFOXGHG� LQ� WKH� VWDWLVWLFDO� DQDO\VHV� ������
0LVVLQJ�YDOXHV�ZHUH� LPSXWHG� IRU�QHLWKHU�RXWFRPH�QRU�
FRYDULDWH� YDULDEOHV� ������ %RWK�ZLWKLQ�� DQG� EHWZHHQ�
JURXS���PRQWK�FKDQJHV�RI�DOO�RXWFRPHV�ZHUH�FRPSXWHG�
ZLWK�VWDQGDUG�HUURUV��6(��DQG�����FRQ¿GHQFH�LQWHUYDOV�
�����&,���'LIIHUHQFHV� LQ� ��PRQWK� FKDQJHV�RI� DOO� RXW-
FRPHV�ZHUH�DQDO\]HG�LQ�UHSHDWHG�PHDVXUHV��×��PL[HG�
�PRGHO�GHVLJQ��,QGHSHQGHQW�FDWHJRULFDO�YDULDEOHV��¿[HG�
IDFWRUV��ZHUH� JURXS� �DHURELF� H[HUFLVH� DQG� UHIHUHQFH���
PHDVXUHPHQW� WLPH� �EDVHOLQH� DQG� ��PRQWK� IROORZ�XS���
and the interaction between group and measurement 

WLPH��3DUWLFLSDQWV�ZHUH�HQWHUHG�LQ�WKH�PRGHO�DV�D�UDQGRP�
effect nested in clusters to account for the cluster-based 

UDQGRPL]DWLRQ��&RYDULDWHV�ZHUH�FKRVHQ�EDVHG�RQ��EDVH-

OLQH� GLIIHUHQFHV� EHWZHHQ� JURXSV�� WKHRUHWLFDOO\� FRQVLG-

HUHG�FRQIRXQGHUV��DQG�WKHLU�VWDWLVWLFDO�DVVRFLDWLRQ�ZLWK�
the group and measurement time. The following covari-

ates (reference value in parenthesis) were entered into 

WKH�PL[HG�PRGHOV� LQ� WKH� IROORZLQJ� LQFUHPHQWDO� VWHSV��
(i) baseOLQH� YDOXH� RI� WKH� UHVSHFWLYH� RXWFRPH�� �LL�� DJH��
VH[� �PDOH��� GDLO\�XVH�RI� DQWLK\SHUWHQVLRQ� DQG�RU� KHDUW�
PHGLFDWLRQ��QRQH���VPRNLQJ�VWDWXV��QHYHU�VPRNLQJ�DQG�
RU�FXUUHQWO\�QRQ�VPRNLQJ���DQG�HLWKHU� OHYHO�RI� OHLVXUH�
WLPH� SK\VLFDO� DFWLYLW\� ���� KRXUV�ZHHNV� OLJKW� DFWLYLW\��
RU� EDVHOLQH� FDUGLRUHVSLUDWRU\� ¿WQHVV��7KH� LQWHUYHQWLRQ�
effect estimates were reported as between-group mean 

GLIIHUHQFH��6(������&,��DQG�3�YDOXH��
$�VHQVLWLYLW\�DQDO\VLV�H[FOXGLQJ�SDUWLFLSDQWV�UHSRUW-

ing use of antihypertension and/or heart medication on 

a daily basis was performed using the same statistical 

PHWKRGV��$�VHFRQGDU\�EHWZHHQ�JURXS�DQDO\VLV�VWUDWL¿HG�
RQ�EDVHOLQH�OHYHO�RI�DHURELF�ZRUNORDG��ORZ������+55�
RU�KLJK������+55��ZDV�FRQGXFWHG�

Results

Flow of participants

$OO�RI�the three contacted companies agreed to partici-

SDWH��5HVHDUFKHUV� SUHVHQWHG� WKH� VWXG\� WR� ���� FOHDQHUV�
in the companies. Information meetings were arranged 

MRLQWO\�ZLWK�WKH�FRPSDQ\¶V�REOLJDWRU\�HPSOR\HH�PHHW-
LQJV��,Q�WRWDO������������ZLVKHG�WR�SDUWLFLSDWH�DQG�ZHUH�
LQYLWHG� WR� WKH� EDVHOLQH�PHDVXUHPHQW�� 2I� WKRVH�� ����
underwent baseline measurements and were random-
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L]HG��ZLWK� ��� DVVLJQHG� WR� WKH� DHURELF� H[HUFLVH� JURXS�
and 59 to the reference group. The main self-reported 

UHDVRQV�IRU�QRQ�SDUWLFLSDWLRQ�ZHUH� ODFN�RI� WLPH�������
RU�QRW�¿QGLQJ�WKH�SURMHFW�UHOHYDQW��������

$IWHU�EDVHOLQH�PHDVXUHPHQWV�����������SDUWLFLSDQWV�
(19 from the aerobic exercise and 15 from the reference 

group) dropped out of the study and were lost to follow-

XS��¿JXUH�����7KH�PDLQ�UHDVRQV�JLYHQ�IRU�GURSSLQJ�RXW�
ZHUH�GLI¿FXOWLHV�LQ�PDNLQJ�WLPH�IRU�WKH�SURMHFW�DFWLYL-
WLHV�GXULQJ�ZRUNLQJ�KRXUV�������DQG�EHLQJ�WRR�WLUHG�WR�
SDUWLFLSDWH������������GLG�QRW�JLYH�DQ\�UHDVRQ���

Compliance 

7KH�����GURS�RXW�ZDV�ZLWKLQ� WKH�H[SHFWHG������3DU-
ticipants randomized to the aerobic exercise participated 

RQ�DYHUDJH� LQ�����RI� WKH�SODQQHG�VHVVLRQV�GXULQJ� WKH�
LQWHUYHQWLRQ� SHULRG�� LQFOXGLQJ� ¿YH� SDUWLFLSDQWV�ZLWK�
]HUR� DGKHUHQFHV�� 3DUWLFLSDQWV� QRW� ORVW� WR� IROORZ�XS��
SDUWLFLSDWHG�LQ�����RI�WKH�SODQQHG�VHVVLRQV��QRQH�ZLWK�
zero adherences. The reasons for missed sessions in 

the aerobic exercise group were vacation and days off 

�������PHGLFDO� DSSRLQWPHQWV�� KRVSLWDOL]DWLRQ� DQG�RU�
VLFN� OHDYH� ������RU�PHHWLQJV� DW�ZRUN�� FRXUVHV� DQG�RU�
XUJHQW� MRE� WDVNV� �������2YHUDOO�� ����RI� WKH� SODQQHG�
sessions were offered as planned.  

$IWHU�HYHU\�IRXUWK�ZHHN�RI�WKH�LQWHUYHQWLRQ��WKH�KHDUW�
rate was monitored during the aerobic exercise session 

yielding an� DYHUDJH�+55� RI� ��� >VWDQGDUG� GHYLDWLRQ�
�6'����@���

Baseline characteristics of the study population 

The baseline characteristics of the study population 

DUH�SUHVHQWHG�LQ�WDEOH����3DUWLFLSDQWV�UDQGRPL]HG�WR�WKH�
LQWHUYHQWLRQ�ZHUH�PDLQO\�LPPLJUDQWV������VWDWHG�KDY-

LQJ�D�SODFH�RI�ELUWK�RWKHU�WKDQ�'HQPDUN������RI�ZKRP�
were non-western. 

1R�VWDWLVWLFDO�RU�QXPHULFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�
between the randomized population and the population 

participating at both baseline and follow-up measure-

ments (complete to follow-up) were found (data not 

VKRZQ���H[FHSW�IRU�ORZHU�IUHTXHQF\�RI�!���\HDUV�RI�HGX-

FDWLRQ�LQ�WKH�DHURELF�H[HUFLVH�JURXS��������FRPSDUHG�WR�
WKH�UHIHUHQFH�JURXS���������

&RPSDUHG� WR� WKH� UDQGRPL]HG� SRSXODWLRQ� �1 ������
WKH����������SDUWLFLSDQWV� ORVW� WR�IROORZ�XS�LQ�WKH�H[HU-
FLVH�JURXS�ZHUH�����\HDUV�\RXQJHU��LQFOXGHG������IHZHU�
IHPDOHV��KDG�D�PHDQ�RI���ESP�KLJKHU�6+5�������IHZHU�
used antihypertension and/or heart medication on a daily 

EDVLV��������PRUH�ZHUH�FXUUHQW�VPRNHUV��DQG������PRUH�
VWDWHG� WR� KDYH� D� OHLVXUH�WLPH�SK\VLFDO� DFWLYLW\� OHYHO����
hours of moderate activity per week. Within the reference 

JURXS��WKH����������SDUWLFLSDQWV�ORVW�WR�IROORZ�XS�ZHUH�
���� \HDUV� \RXQJHU�� LQFOXGHG� ��� IHZHU� IHPDOHV�� KDG� D�
PHDQ�RI�����ESP�KLJKHU�6+5��D�PHDQ�RI�����ESP�KLJKHU�
5+5�� ��PP+J�KLJKHU� V\VWROLF�%3�� ����� OHVV� RI� WKHP�
used antihypertension and/or heart medication on a daily 

EDVLV�� ������PRUH� RI� WKHP�ZHUH� FXUUHQW� VPRNHUV�� DQG�
�����PRUH�RI�WKHP�VWDWHG�WR�KDYH�D�OHLVXUH�WLPH�SK\VLFDO�
DFWLYLW\�OHYHO�RI����KRXUV�RI�PRGHUDWH�DFWLYLW\�SHU�ZHHN��

7KH�REMHFWLYH�EDVHOLQH�+55�PHDVXUHV�UHYHDOHG�WKDW�
���� RI� WKH� UDQGRPL]HG� SRSXODWLRQ� H[FHHGHG� UHFRP-

mended levels of relative aerobic workload during 

ZRUNLQJ�KRXUV�����������

Intervention effects – within group

)XOO\� DGMXVWHG�ZLWKLQ� JURXS� FKDQJHV� RI� DOO� RXWFRPHV�
GXULQJ�IROORZ�XS�DUH�VKRZQ�LQ�WDEOH����&DUGLRUHVSLUDWRU\�
¿WQHVV�LQFUHDVHG�VLJQL¿FDQWO\�E\������RU�����(6(������PO�
2��× min-1

 × kg-1������&,����±�����3 ������LQ�WKH�DHURELF�
H[HUFLVH�JURXS�DQG�ZDV�UHGXFHG�E\�������RU�������6(�
�����PO�2��× min-1

 × kg-1������&,�����±�����3 ������LQ�
the reference group.

Relative aerobic workload decreased in the aerobic 

exercise group and increased in the reference group. 

%RWK�5+5�DQG�6+5�GHFUHDVHG�LQ�WKH�DHURELF�H[HUFLVH�
group and increased in the reference group. 

6\VWROLF�%3� LQFUHDVHG� VLJQL¿FDQWO\� E\����� �6(������
PP+J������&,����±�����3�������LQ�WKH�DHURELF�H[HUFLVH�

21 Did not show up

19 Lost to follow-up

38

Measured at follow-up

57

Aerobic exercise

15 Lost to follow-up

59

Reference

44

Measured at follow-up

9 Did not answer screening questionnaire

104 Did not wish to participate

250

Employed cleaning assistants

137

Invited to baseline measurements

116

Showed up at baseline measurements and

were randomized

Figure 1. Flow chart of the participants in the study
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group and less >�����6(������PP+J��QRQ�VLJQL¿FDQW@� LQ�
WKH�UHIHUHQFH�JURXS��'LDVWROLF�%3�FKDQJHV�ZHUH����PP+J�
in both groups. 

Intervention effects – between-groups

7KH�EHWZHHQ�JURXS�GLIIHUHQFHV�LQ���PRQWKV�FKDQJH�RI�
primary and secondary outcomes are reported in table 

��IRU�ERWK�PRGHO����DGMXVWLQJ�IRU�WKH�EDVHOLQH�YDOXH�RI�
WKH� UHVSHFWLYH� RXWFRPH�� DQG� WKH� IXOO\�DGMXVWHG�PRGHO�
���(IIHFW�VL]HV�GLIIHUHG�FRQVLGHUDEO\��XS�WR�D�IDFWRU�RI�
����RU������LQ�WKH�FDVH�RI�DHURELF�ZRUNORDG��EHWZHHQ�
PRGHOV���DQG���

7KH�IXOO\�DGMXVWHG��PRGHO����EHWZHHQ�JURXS�GLIIHU-
HQFH� LQ� FDUGLRUHVSLUDWRU\� ¿WQHVV� FKDQJH�ZDV� ���� �6(�
�����PO�2��× min-1

 × kg-1������&,����±�����3�������LQ�WKH�
aerobic exercise group relative to the reference group. 

7KLV� FRUUHVSRQGV� WR� DQ� ����� LQFUHDVH� UHODWLYH� WR� WKH�
overall baseline mean in the randomized population. 

6LJQLILFDQW� EHWZHHQ�JURXS� GLIIHUHQFHV�ZHUH� DOVR�
IRXQG�IRU�FKDQJHV�LQ�DHURELF�ZRUNORDG�RI�������6(������
��+55������&,�����±�������3��������PRGHO����� �7KLV�
FRUUHVSRQGV�WR�DQ�������GHFUHDVH�UHODWLYH�WR�WKH�RYHUDOO�
baseline mean in the randomized population. 

6LJQL¿FDQW� EHWZHHQ�JURXS� GLIIHUHQFH� LQ� FKDQJH� RI�
5+5�ZDV������6(������ESP������&,�����±�������3�������
�PRGHO�����5HODWLYH�WR�WKH�RYHUDOO�EDVHOLQH�PHDQ�LQ�WKH�
UDQGRPL]HG� SRSXODWLRQ�� WKLV� GHFUHDVH� FRUUHVSRQGV� WR�

��������ESP���6LPLODU� UHVXOWV�DUH�VHHQ�IRU� WKH�FKDQJH�
RI�6+5��WKH�EHWZHHQ�JURXS�GLIIHUHQFH�ZDV�������6(������
ESP������&,�����±�������3��������PRGHO�����5HODWLYH�WR�
WKH�RYHUDOO�EDVHOLQH�PHDQ�LQ�WKH�UDQGRPL]HG�SRSXODWLRQ��
WKLV�FRUUHVSRQGV�WR�D�UHGXFWLRQ�RI���������ESP���

� 7KH� FKDQJH� LQ� V\VWROLF� %3� VKRZHG� VLJQLILFDQW�
EHWZHHQ�JURXS�GLIIHUHQFHV�RI������6(������PP+J������
&,����±�����3��������PRGHO�����5HODWLYH�WR�WKH�RYHUDOO�
EDVHOLQH�PHDQ�LQ�WKH�UDQGRPL]HG�SRSXODWLRQ��WKLV�FKDQJH�
FRUUHVSRQGV� WR� D� ����� ���PP+J�� LQFUHDVH��'LDVWROLF�
%3�FKDQJHV�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�EHWZHHQ�JURXSV��

Sensitivity analysis

$�¿UVW�VHQVLWLYLW\�DQDO\VHV�H[FOXGHG�WKH����SDUWLFLSDQWV�
with daily use of antihypertension and/or heart medi-

cation and yielded between-group differences during 

follow-up comparable to results in the entire random-

L]HG�SRSXODWLRQ��1 ������)RU�WKH�����SDUWLFLSDQWV�ZLWK-

RXW�VXFK�PHGLFDWLRQ��WKH�EHWZHHQ�JURXS�FKDQJHV�IURP�
EDVHOLQH�WR�IROORZ�XS�FRUUHVSRQGHG�WR�D�VLJQL¿FDQW������
increase in cardiorespiratory fitness for the aerobic 

H[HUFLVH�JURXS��LQ�WKH�IXOO\�DGMXVWHG�PRGHO��PRGHO�����
,Q�D�VHFRQG�VHQVLWLYLW\�DQDO\VLV��PRGHO���IRU�WKH�DHUR-

ELF�ZRUNORDG�ZDV�DGGLWLRQDOO\�DGMXVWHG�IRU�EDVHOLQH�DQG�
��PRQWK�FKDQJH�LQ�VWHSV�ZDONHG�SHU�KRXU�RI�ZRUN��LH��
LQGLFDWLRQ�RI�SK\VLFDO�ZRUN�GHPDQGV���UHVXOWLQJ�LQ�RQO\�
D�VOLJKWO\��������KLJKHU�HVWLPDWH�RI�FKDQJH�LQ�UHODWLYH�

Table 1. Description of the randomized study population at baseline (N=116), stratified by intervention group. Differences between aerobic 
exercise and reference groups were analyzed with student’s t-test for continuous variables and with Chi2 test for categorical variables. 
[SD=standard deviation; BP=blood pressure; HR=heart rate; HRR=heart rate reserve].

Randomized group (N=116) Aerobic exercise (N=57) Reference (N=59)

Mean SD N % Mean SD N % Mean SD N %

Age (years) 45.3 8.6 44.9 9.2 45.7 8.1
Sex (females) 88 75.9 43 75.4 45 76.3
Height (cm) 162.6 8.8 163.1 9.2 162.2 8.4
Weight (kg) 70.7 14.1 69.7 12.7 71.7 15.4
Body mass index (kg/m2) 26.7 4.5 26.2 4.0 27.1 4.9
Systolic BP (mmHg) 122.7 21.7 125.2 25.1 120.3 17.5
Diastolic BP (mmHg) 82.7 12.6 83.7 14.2 81.7 10.8
Body fat 8.6 31.6 8.3 31.1 8.9 32.1
Waist circumference (cm) 87.6 11.1 86.7 11.0 88.4 11.2
Cardiorespiratory fitness (ml O2 × min-1 × kg-1) 24.9 6.6 24.8 5.8 25.0 7.2
Resting HR (beats/minute) 71.3 14.8 71.7 10.6 70.5 8.8
Sleeping HR (beats/minute) 49.5 5.8 49.2 6.5 49.7 5.1
Aerobic workload (% HRR) 7.2 30.9 6.7 30.1 7.5 31.7
Steps taken per working hour (steps/hour) 1316 417 1271 343 1357 473
Rating of perceived exertion during working hours 13.0 3.3 12.9 3.2 13.1 3.3
Job seniority (years) 11.9 7.8 12.3 8.7 11.5 6.8
Current smoker 28 24.1 13 22.8 15 25.4
Education (% >12 years of education) 13 11.2 3 5.3 a 10 16.9 a
Ethnicity (% non western) 72 62.1 40 70.2 32 54.2
Daily use of antihypertension and/or heart medication 14 12.1 8 14.0 6 10.2
Leisure-time physical activity (% <2 hours/weeks light  
activity or light activity 2–4 hours/weeks)

84 72.4 45 78.9 39 66.1

Physical activity at work (% having standing/walking work 
including lifts and strenuous physical work)

70 60.3 36 63.2 34 57.6

a Statistical significant difference between subgroups (Pd0.05).
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DHURELF�ZRUNORDG� >�����6(�����������&,� �����±��������
3 ����@��0RUHRYHU�� QR� GLIIHUHQFH� LQ� QXPEHU� RI� VWHSV�
taken per hour at work from baseline to follow-up was 

found in either of the groups. 

$� VHFRQGDU\� EHWZHHQ�JURXS� DQDO\VLV� VWUDWL¿HG� RQ�
EDVHOLQH�OHYHO�RI�DHURELF�ZRUNORDG��ORZ������+55�RU�
KLJK������+55��DQG�DGMXVWHG�IRU�WKH�VDPH�FRYDULDWHV�
DV� LQ�PRGHO� ���7KRVH� KDYLQJ� D� KLJK� OHYHO� RI� DHURELF�
ZRUNORDG� DW� EDVHOLQH� �1 ���� VKRZHG�� ����� �6(� ������
PO�2��× min-1

 × kg-1������&,������±������3 ������LQ�FDU-

GLRUHVSLUDWRU\�¿WQHVV���������6(���������+55������&,�
�����±��������3�������IRU�DHURELF�ZRUNORDG���������6(�
������ESP������&,������±������3 ������IRU�5+5��������
�6(�������ESP������&,�������±��������3�������IRU�6+5��
����� �6(� ������PP+J� �����&,� ����±������� 3 ������
IRU� V\VWROLF�%3�� DQG� ����� �6(� ������PP+J� �����&,�
�����±������3 ������IRU�GLDVWROLF�%3��,Q�WKH�JURXS�RI�SDU-
ticipants with a low level of aerobic workload at baseline 

�1 �����WKH�UHVXOWV�VKRZHG�WKH�IROORZLQJ�������6(�������
PO�2��× min-1

 × kg-1� �����&,� ����±������ 3 ������ LQ�

Table 2. Within group 4-month changes in cardiorespiratory fitness and secondary outcomes among cleaners (N=116) by intervention 
group.  Results are based on a mixed-model analysis with step-wise entry of covariates in two models. [95% CI=95% confidence interval; 
SE=standard error; HR=heart rate; HRR=heart rate reserve; BP=blood pressure]

Model 1 a Model 2 b

'� SE 95 % CI P-value ' SE 95 % CI P-value

Aerobic exercise group (N=57)
Primary outcome
Cardiorespiratory fitness  
(ml O2 × min-1 × kg-1)

1.61 0.73 0.17–3.05 0.03 1.75 0.73 0.30–3.20 0.02

Secondary outcomes
Aerobic workload (% of HRR) -0.57 0.99 -2.52–1.39 0.57 -1.68 1.11 -3.90–0.54 0.14
Resting HR (beats/minute) -1.72 1.06 -3.80–0.36 0.11 -1.37 1.14 -3.63–0.89 0.23
Sleeping HR (beats/minute) -0.80 0.77 -2.32–0.73 0.30 -0.79 0.94 -2.66–1.08 0.40
Systolic BP (mmHg) 2.79 1.38 0.07–5.51 0.04 5.18 1.20 2.81–7.55 <0.01
Diastolic BP (mmHg) -2.09 0.86 -3.79– -0.38 0.02 0.15 0.91 -1.64–1.94 0.87

Reference group (N=59)
Primary outcome
Cardiorespiratory fitness  
(ml O2 × min-1 × kg-1)

-0.24 0.68 -1.57–1.10 0.72 -0.25 0.68 -1.59–1.08 0.71

Secondary outcomes
Aerobic workload (% of HRR) 0.03 0.90 -1.75–1.80 0.98 1.72 0.89 -0.05–3.49 0.06
Resting HR (beats/minute) 0.20 1.04 -1.84–2.25 0.85 2.28 1.06 0.20–4.37 0.03
Sleeping HR (beats/minute) 0.88 0.69 -0.48–2.24 0.20 2.90 0.77 1.37–4.43 <0.01
Systolic BP (mmHg) 0.91 1.34 -1.73–3.56 0.50 1.30 1.09 -0.86–3.46 0.24
Diastolic BP (mmHg) -0.02 0.84 -1.86–1.45 0.81 -0.05 0.82 -1.68–1.58 0.95

a Model 1 is adjusted for baseline value of the respective outcome. 
b For the primary outcome, Model 2 is additionally adjusted for age, sex, daily use of antihypertension and/or heart medication, smoking status and 

baseline leisure-time physical activity. For the secondary outcomes: Model 2 is additionally adjusted for age, sex, use of antihypertension and/or heart 
medication, smoking status and baseline cardiorespiratory fitness. The N differs between the different outcomes due to missing observations in covari-
ate and/or outcome variables.

Table 3. Between-groups difference from baseline to 4-months follow-up on cardiorespiratory fitness and secondary outcomes in the 
randomized population of cleaners (N=116). Results are based on a mixed-model analysis with step-wise entry of covariates in two models. 
[95% CI=95% confidence interval; SE=standard error; HR=heart rate; HRR=heart rate reserve; BP=blood pressure]

Model 1 a Model 2 b

�' SE 95 % CI P-value N ' SE 95 % CI P-value N
Primary outcome
Cardiorespiratory fitness  
(ml O2 × min-1 × kg-1)

1.81 0.78 0.27–3.36 0.02 86 2.21 0.79 0.64–3.78 <0.01 85

Secondary outcomes
Aerobic workload (% of HRR) -0.75 1.12 -2.96–1.47 0.50 85 -3.46 1.23 -5.92– -1.00 <0.01 61
Resting HR(beats/min) -1.70 1.15 -3.97–0.56 0.14 115 -3.75 1.20 -6.13– -1.38 <0.01 85
Sleeping HR (beats/min) -1.71 0.87 -3.43–<0.01 0.05 87 -3.82 1.05 -5.91– -1.73 <0.01 63
Systolic BP (mmHg) 2.28 1.49 -0.66–5.22 0.13 116 3.57 1.25 1.10–6.04 <0.01 86
Diastolic BP (mmHg) -1.66 0.93 -3.50–0.17 0.08 116 -0.03 0.95 -1.90–1.84 0.98 86

a Model 1 is adjusted for baseline value of the respective outcome. 
b For the primary outcome: Model 2 is additionally adjusted for age, sex, daily use of antihypertension and/or heart medication, smoking status and base-

line leisure time physical activity. For the secondary outcomes: Model 2 is additionally adjusted for age, sex, use of antihypertension and/or heart medi-
cation, smoking status and baseline cardiorespiratory fitness. The N differs between the different outcomes due to missing observations in covariate 
and/or outcome variables.
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FDUGLRUHVSLUDWRU\�¿WQHVV���������6(���������+55������
&,������±������3 ������IRU�DHURELF�ZRUNORDG���������6(�
������ESP������&,������±������3 ������IRU�5+5�������
�6(�������ESP������&,������±������3 ������IRU�6+5��
����� �6(� ������PP+J� �����&,� �����±������ 3 ������
IRU� V\VWROLF�%3� DQG� ������ �6(� ������PP+J� �����&,�
�����±������3 ������IRU�GLDVWROLF�%3�

Discussion

The main results of this study among cleaners were that 

WKH�DHURELF�H[HUFLVH�JURXS��LQ�FRPSDULVRQ�ZLWK�WKH�UHI-
HUHQFH�JURXS��VLJQL¿FDQWO\�LPSURYHG�FDUGLRUHVSLUDWRU\�
¿WQHVV��DHURELF�ZRUNORDG��6+5�DQG�5+5��EXW�LQFUHDVHG�
V\VWROLF�%3����

Primary outcome

%HWZHHQ�JURXS�FRPSDULVRQV�LQFOXGLQJ�DOO�UDQGRPL]HG�
participants show an average improved cardiorespira-

tory fitness in the aerobic exercise group of ���� �6(�
�����PO� 2��× min-1

 × kg-1�� FRUUHVSRQGLQJ� WR� D� �����
overall change compared to the randomized study 

SRSXODWLRQ��,Q�FRQFOXVLRQ��WKH�K\SRWKHVLV�UHJDUGLQJ�DQ�
enhanced cardiorespiratory fitness was not falsified. 

We consider this increase to be clinically relevant in 

this population because of their low baseline cardio-

UHVSLUDWRU\�ILWQHVV�>������6(������PO�2��× min-1
 × kg-1@�

and because their aerobic workload already exceeded 

UHFRPPHQGHG�OHYHOV��3UHYLRXV�ZRUNVLWH�LQWHUYHQWLRQV�
have found similar effect sizes on cardiorespiratory 

fitness in both sedentary and physically demanding 

MREV�����������
In order to achieve improvements in cardiorespira-

WRU\�ILWQHVV��DQ�H[HUFLVH�LQWHQVLW\�RI������RI�+55�LV�
UHTXLUHG� ������7KH� DYHUDJH�+55�GXULQJ� WKH� DHURELF�
H[HUFLVH� VHVVLRQV� LQ� WKLV� VWXG\� ZDV� ��� �6(� ������
DQG�����RI�WKH�SDUWLFLSDQWV�DFKLHYHG�DQ�LQWHQVLW\�RI�
����� RI�+55��7KH� REVHUYHG� ORZ� FDUGLRUHVSLUDWRU\�
ILWQHVV� RI� WKH� FOHDQHUV� >����� �6(� ����� 2��× min-1

 × 
kg-1@�VKRZV�WKDW�WKH�DYHUDJH�UHODWLYH�DHURELF�ZRUNORDG�
GXULQJ� FOHDQLQJ� >��� �6(� �����+55�� LV� DW� RU� DERYH�
UHFRPPHQGHG� OHYHOV� ����� ����� EXW� DW� WKH� VDPH� WLPH�
QRW�GHVLJQHG��HJ�� LQ� WHUPV�RI�VXIILFLHQW� LQWHQVLW\�� WR�
LPSURYH� WKHLU� FDUGLRUHVSLUDWRU\� ILWQHVV� ������ 7KHUH�
ZHUH�������PLQXWH�DHURELF�H[HUFLVH�VHVVLRQV�RYHU�WKH�
��PRQWK�SHULRG��7KLV� LQGLFDWHV� WKDW� DV� ORQJ�DV� WKHUH�
are short periods of sufficLHQWO\�KLJK�DHURELF�LQWHQVLW\��
relatively few aerobic exercise sessions can increase 

cardiorespiratory fitness in this population. In sum-

PDU\��DHURELF�H[HUFLVH�ZLWK�KLJK�LQWHQVLW\�GXULQJ�SDLG�
working hours seems to improve cardiorespiratory 

fitness among cleaners.

Secondary outcomes

7KH� DHURELF� H[HUFLVH� JURXS� VLJQL¿FDQWO\� UHGXFHG� WKH�
DHURELF�ZRUNORDG�E\�������FRPSDUHG�WR�WKH�UHIHUHQFH�
JURXS��7KHUHIRUH�� WKH� VHFRQG� K\SRWKHVLV� UHJDUGLQJ� D�
GHFUHDVHG� DHURELF�ZRUNORDG�ZDV� QRW� IDOVL¿HG��7R� RXU�
NQRZOHGJH��WKLV�LV�WKH�¿UVW�5&7�¿QGLQJ�SRVLWLYH�HIIHFWV�
RQ�DHURELF�ZRUNORDG�REMHFWLYHO\�PHDVXUHG�GXULQJ�GD\V�
of normal work. The aerobic workload measured at 

EDVHOLQH�ZDV�UHODWLYHO\�KLJK�>����6(������+55���6XFK�
high aerobic workload is reported to cause strain on 

WKH� FDUGLRYDVFXODU� V\VWHPV� ������ SRWHQWLDOO\� OHDGLQJ�
WR�SURJUHVVLRQ�RI�DUWHULRVFOHURVLV���������DQG�UHODWHV�WR�
DQ� LQFUHDVHG� ULVN� RI� FDUGLRYDVFXODU� GLVHDVH� ������7KH�
REVHUYHG�UHGXFWLRQ�LQ�DHURELF�ZRUNORDG�RI�������+55�
FDQ�WKHUHIRUH�EH�FRQVLGHUHG�RI�FOLQLFDO�UHOHYDQFH��+55�
FDQ�EH�UHGXFHG�E\�LQFUHDVHV�LQ�FDUGLRUHVSLUDWRU\�¿WQHVV��
OHDGLQJ� WR� D� UHGXFHG�5+5� DQG� 6+5�� RU� D� GHFUHDVHG�
SK\VLFDO�ZRUN�GHPDQG������RU�WKH�FRPELQDWLRQ�RI�WKHVH�
two. The reduction of the aerobic workload in this study 

can therefore be explained by the increased cardiore-

VSLUDWRU\�¿WQHVV� DQG� WKH� UHGXFHG�6+5� �+55� �+5max 

�� 6+5�� ������ %HFDXVH� FKDQJHV� LQ� DHURELF�ZRUNORDG�
DUH� DOVR� LQÀXHQFHG� E\� FKDQJHV� LQ� WKH� SK\VLFDO�ZRUN�
GHPDQGV��D�VHQVLWLYLW\�DQDO\VLV�DGGLWLRQDOO\�DGMXVWLQJ�IRU�
change in steps walked per hour of work was applied. 

7KLV�DGGLWLRQDO�DGMXVWPHQW�IRU�FKDQJH�LQ�VWHSV�GLG�QRW�
substantially change the between-group difference of 

DHURELF�ZRUNORDG�GLVSOD\HG�LQ�WDEOH����PRGHO����,Q�VXP-

PDU\�� WKLV� VWXG\� VXSSRUWV� WKH�FODVVLF�ZRUN�SK\VLRORJ\�
notion that an aerobic exercise intervention increasing 

FDUGLRUHVSLUDWRU\�¿WQHVV�FDQ�UHGXFH�WKH�UHODWLYH�DHURELF�
workload among blue-collar workers (55).

7KH� UHGXFWLRQV� RI� ����� LQ�5+5�DQG������ LQ�6+5�
UHMHFW� WKH� QXOO� K\SRWKHVLV� RI� QR� HIIHFWV� RI� WKH� DHURELF�
H[HUFLVH�LQWHUYHQWLRQ�RQ�5+5�DQG�6+5�������5HGXFWLRQV�
LQ�ERWK�5+5�DQG�6+5�FDQ�SRWHQWLDOO\�UHGXFH�WKH�ULVN�RI�
ERWK�&9'�DQG�DOO�FDXVH�PRUWDOLW\����±�����

6\VWROLF� %3� LQFUHDVHG� E\� ���� �6(� �����PP+J� LQ�
WKH� DHURELF� H[HUFLVH� JURXS� FRPSDUHG� WR� ���� �6(� �����
mm+J� LQ� WKH� UHIHUHQFH� JURXS� �WDEOH� ���� OHDGLQJ� WR� D�
EHWZHHQ�JURXSV�FKDQJH�RI������6(������PP+J�LQ�IXOO\�
DGMXVWHG�DQDO\VHV��WDEOH����PRGHO�����7KHUHIRUH��WKH�QXOO�
K\SRWKHVLV�RI�QR�HIIHFWV�LV�UHMHFWHG�IRU�blood pressure. 

7KLV�¿QGLQJ�LV�LQ�DFFRUGDQFH�ZLWK�WKH�SUHYLRXVO\�VWDWHG�
K\SRWKHVLV�RI�.UDXVH�DQG�FROOHDJXHV����������WKDW�KLJK�
intensity physical exercise may cause an overload of 

the cardiovascular system when applied to workers 

ZLWK�KLJK�OHYHOV�RI�RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\��ORZ�
FDUGLRUHVSLUDWRU\�¿WQHVV��DQG�SRWHQWLDOO\�OLPLWHG�DELOLW\�
for pauses and restitution. 

$Q�HOHYDWHG�V\VWROLF�%3�RI������6(������PP+J�PD\�
DSSHDU� UHODWLYHO\� VPDOO��ZKHQ� DSSOLHG� WR�SHUVRQV�ZLWK�
ORZ�WR�QRUPDO�%3�������+RZHYHU��VXFK�DQ�LQFUHDVH�LQ�%3�
LV�NQRZQ�WR�VLJQL¿FDQWO\�LQFUHDVH�&9'�PRUELGLW\�DQG�
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PRUWDOLW\�DQG��WKHUHIRUH��FRQVLGHUHG�FOLQLFDOO\�UHOHYDQW�
������ 3UHGLFWLRQ� RI� WKH� ORQJ�WHUP� QHW� FDUGLRYDVFXODU�
KHDOWK� HIIHFWV� RI� WKLV� SRWHQWLDOO\� KDUPIXO� DYHUDJH�%3�
FKDQJH� DQG� WKH� SRWHQWLDO� EHQH¿FLDO� HIIHFWV� RI� DQ� RQ�
DYHUDJH� LQFUHDVHG� FDUGLRUHVSLUDWRU\�¿WQHVV� LV� QRW� SRV-
sible with our data. It is conceivable that harmful and 

EHQH¿FLDO�HIIHFWV�RFFXU�LQ�GLIIHUHQW�VXEVHWV�RI�RXU�SRSX-

ODWLRQ��$GGLWLRQDO�UHVHDUFK�LV�VWLOO�QHHGHG�WR�FRQ¿UP�LI�
ZRUNVLWH� DHURELF� H[HUFLVH� LQFUHDVHV� WKH� V\VWROLF�%3� LQ�
other populations with high levels of occupational physi-

FDO�DFWLYLW\��6LQFH�DPEXODWRU\�%3�KDV�EHHQ�VKRZQ�WR�EH�
D�EHWWHU�SUHGLFWRU�RI�FDUGLRYDVFXODU�ULVN�WKDQ�UHVWLQJ�%3�
������ZH�SODQ�DGGLWLRQDO�DQDO\VLV�RI�RXU�DPEXODWRU\�%3�
data (35) and recommend that future studies with other 

SRSXODWLRQV�VKRXOG�HPSOR\�DPEXODWRU\�%3�PHDVXUHV��
7R�RXU�NQRZOHGJH��WKLV�VWXG\�LV�WKH�¿UVW�WR�LQYHVWL-

JDWH�WKH�HIIHFWV�RQ�%3�RI�DQ�DHURELF�H[HUFLVH�ZRUNVLWH�
LQWHUYHQWLRQ�DPRQJ�FOHDQHUV��2XU�¿QGLQJ�RI�DQ�LQFUHDVHG�
V\VWROLF�%3�LV�LQ�FRQWUDVW�ZLWK�SUHYLRXV�H[HUFLVH�VWXGLHV�
RQ�%3�DPRQJ�ZRUNHUV�ZLWK�KLJK�OHYHOV�RI�RFFXSDWLRQDO�
SK\VLFDO�DFWLYLW\�������7KH�GLIIHUHQW�HIIHFW�LQ�RXU�VWXG\�
PD\�EH�H[SODLQHG�E\�WKH�ORZ�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�
RXU�VWXG\�SRSXODWLRQ��PDNLQJ�WKH�SDUWLFLSDQWV�OHVV�DEOH�
WR� UHVWLWXWH� IURP� WKH� DGGLWLRQDO� DHURELF� H[HUFLVH� DQG��
WKHUHIRUH��PRUH�VXVFHSWLEOH�WR�D�FDUGLRYDVFXODU�RYHUORDG��
2I�SDUWLFXODU�LQWHUHVW�IRU�LQWHUSUHWDWLRQ�RI�WKH�VWXG\�¿QG-

LQJV��WKH�VXE�JURXS�DQDO\VHV�VWUDWL¿HG�RQ�DHURELF�ZRUN-

load at baseline showed that the participants exposed to 

D�KLJK�DHURELF�ZRUNORDG� ������+55�GXULQJ�ZRUNLQJ�
KRXUV��H[SHULHQFHG�D�YHU\�VWURQJ�LQFUHDVH�LQ�V\VWROLF�%3�
RI������6(������PP+J������&,����±������3 ������IURP�
WKH�DHURELF�H[HUFLVH�LQWHUYHQWLRQ��ZKLOH�WKH�SDUWLFLSDQWV�
H[SRVHG�WR�D�ORZ�DHURELF�ZRUNORDG�������+55�GXULQJ�
working hours) experienced a somewhat lower increase 

LQ�V\VWROLF�%3�RI������6(�����PP+J������&,�����±�����
3 �������7KLV�¿QGLQg supports the interpretation that the 

REVHUYHG�LQFUHDVHG�V\VWROLF�%3�LQ�WKH�LQWHUYHQWLRQ�JURXS�
could be explained by a cardiovascular overload from 

WKH�DHURELF�H[HUFLVH��+RZHYHU��EHFDXVH�WKLV�DQDO\VLV�ZDV�
QRW�SUH�SODQQHG��DQG�WKH�VWXG\�ZDV�QRW�GHVLJQHG�WR�KDYH�
VXI¿FLHQW�SRZHU�WR�LQYHVWLJDWH�VXE�JURXS�HIIHFWV��WKHVH�
results should be interpreted with precaution. 

7KH�¿QGLQJ�RI�DQ�LQFUHDVHG�V\VWROLF�%3�LQ�WKLV�VLQJOH�
intervention is not enough evidence to draw general con-

FOXVLRQV�DQG�UHFRPPHQGDWLRQV��7KHUHIRUH��LW�LV�LPSRUWDQW�
that this unintended adverse effect of this intervention will 

be monitored in additional future RCT among blue-collar 

ZRUNHUV��7R�UHGXFH�PLVFODVVL¿FDWLRQ�RI�%3��IXWXUH�PHD-
VXUHPHQWV�VKRXOG�EH�EDVHG�RQ�PRUH�IUHTXHQW�PHDVXUHV��
LGHDOO\�XVLQJ����KRXU�PHDVXUHV�RI�DPEXODWRU\�%3��

Strengths and limitations of the study

The cluster RCT design is a methodological strength 

UHGXFLQJ� SRVVLEOH� ELDV� DQG� FRQWDPLQDWLRQ��$OVR� WKH�

intention-to-treat analysis is a methodological strength 

UHGXFLQJ�SRVVLEOH�ELDV� ������$GGLWLRQDOO\�� WKH� H[WHUQDO�
validity was enhanced by the creation of an aerobic 

exercise and reference group at each enrolled company. 

7KH�VWXG\�ZDV�VXI¿FLHQWO\�SRZHUHG�WR�GHWHFW�FOLQLFDOO\�
UHOHYDQW� FKDQJHV��7KH� IUHTXHQF\� DQG� LQWHQVLW\� RI� WKH�
exercise training and all outcomes of the study were 

REMHFWLYHO\�PHDVXUHG��WKHUHE\�GHFUHDVLQJ�WKH�SRWHQWLDO�
of self-reporting and selection bias. The mixed-model 

analysis is a strength when evaluating repeated mea-

surements observations with observations missing at 

UDQGRP�� VLQFH� WKH�PL[HG�PRGHO� DQDO\VLV� HQDEOHV� XVH�
of information from all observations without imputing 

PLVVLQJ�REVHUYDWLRQV�������5HJDUGLQJ�WKH�LQWHUYHQWLRQ��
WKH�PRGL¿HG� LQWHUYHQWLRQ�PDSSLQJ� DSSURDFK� ����� LV� D�
VWURQJ�IHDWXUH�VLQFH�WKH�LQWHUYHQWLRQ�LV�WDLORUHG�VSHFL¿-

cally to the individual needs and wishes of the participat-

ing company and its employees. 

The convenience sampling of only three companies 

LQ�WKH�DUHD�RI�&RSHQKDJHQ��'HQPDUN��OLPLWV�WKH�JHQHU-
DOL]DELOLW\�RI�WKH�¿QGLQJV��

5DQGRPL]DWLRQ� ZDV� RQO\� SDUWO\� VXFFHVVIXO�� RXU�
multivariate analyses detected substantial amounts of 

residual confounding in effect measures in the process 

RI�DGMXVWLQJ�IRU�FRQIRXQGHUV��:LWKRXW�DGGLWLRQDO�DGMXVW-
PHQW�IRU�DJH��VH[��GDLO\�XVH�RI�DQWLK\SHUWHQVLRQ�DQG�RU�
KHDUW�PHGLFDWLRQ��VPRNLQJ�VWDWXV��¿WQHVV��DQG�EDVHOLQH�
OHLVXUH�WLPH�SK\VLFDO�DFWLYLW\� LQ�PXOWLYDULDWH�DQDO\VHV��
confounding by these factors would have obscured a 

large part of the intervention effects as can be seen 

E\�FRPSDULQJ�HIIHFW�VL]HV�LQ�PRGHO���DJDLQVW�PRGHO����
VKRZLQJ�GLIIHUHQFHV�RI�XS�WR�������$OWKRXJK�WKHUH�PD\�
VWLOO�EH�UHVLGXDO�FRQIRXQGLQJ�E\�RWKHU�XQNQRZQ�IDFWRUV��
our multivariate analyses reduced potential confounding 

bias substantially. 

3DUWLFLSDQWV� ORVW� WR� IROORZ�XS� KDG� D� ORZHU� FDUGLR-

UHVSLUDWRU\�¿WQHVV��KLJKHU�PHDQ�DHURELF�ZRUNORDG�DQG�
walked less during working hours at baseline compared 

WR�SDUWLFLSDQWV�QRW�ORVW�WR�IROORZ�XS��FDXVLQJ�D�VHOHFWLRQ�
bias towards a more healthy population being followed 

XS��,Q�WKH�DHURELF�H[HUFLVH�DQG�UHIHUHQFH�JURXSV��UHVSHF-

WLYHO\�����DQG����ZHUH�ORVW�WR�IROORZ�XS��¿JXUH�����WKLV�
SHUFHQWDJH�������RI�GURS�RXW�LV�OHVV�WKDQ�WKH�H[SHFWHG�
���� LQ� RXU� SRZHU� FDOFXODWLRQV� ������ 1R� VLJQLILFDQW�
between-group differences were found among those 

lost to follow-up. 

0LVVLQJ�GDWD��PLVVLQJ�QRW�DW�UDQGRP��RFFXUUHG�GXH�
WR� H[FOXVLRQV��$W� WKH� FDUGLRUHVSLUDWRU\� ¿WQHVV� WHVW�� ���
������ SDUWLFLSDQWV�ZHUH� H[FOXGHG� DW� EDVHOLQH� DQG� ���
������ DW� IROORZ�XS� LQ� WKH� DHURELF� H[HUFLVH� JURXS� DQG�
���������DW�EDVHOLQH�DQG����������DW�IROORZ�XS�LQ�WKH�
reference group. 

,Q�WKH�DHURELF�H[HUFLVH�JURXS�����������SDUWLFLSDQWV�
DW� EDVHOLQH� DQG� ��� ������ DW� IROORZ�XS�� DQG� ��� ������
SDUWLFLSDQWV�DW�EDVHOLQH�DQG����������DW�IROORZ�XS�LQ�WKH�
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UHIHUHQFH�JURXS��GLG�QRW�KDYH�VXI¿FLHQWO\�KLJK�TXDOLW\�RI�
GDWD�RU�ZHUH�QRW�PRXQWHG�ZLWK�WKH�$FWLKHDUW�

$OWRJHWKHU�� DOPRVW� RQH� IRXUWK� RI� WKH� VWXG\� SRSXOD-

tion was excluded from testing possibly leading to a 

differential selection bias towards better outcomes in a 

PRUH�KHDOWK\�SRSXODWLRQ��2Q� WKH�RWKHU�KDQG�� WKH� ODUJHU�
EHQH¿WV� LQ� WHUPV� RI� HQKDQFHG� FDUGLRUHVSLUDWRU\�¿WQHVV�
appeared among those with medication for pre-existing 

K\SHUWHQVLRQ�RU�KHDUW�GLVHDVH��'XH�WR�VRPH�GLIIHUHQFHV�LQ�
PLVVLQJ�GDWD�EHWZHHQ�JURXSV��DW�EDVHOLQH�DQG�IROORZ�XS��
WKH�PL[HG�PRGHO�DQDO\VLV�ZDV�DSSOLHG��VLQFH�LW�DOORZV�DQ�
intention-to-treat analyses with missing observations 

������
0HDVXUHPHQW�RI�%3�KROGV�D�ODUJH�YDULDELOLW\�DQG�LV�

LQÀXHQFHG� E\� WKH� FRQWH[W� �HJ�� ³ZKLWH�FRDW� K\SHUWHQ-

VLRQ´���+RZHYHU��ODUJH�PHDVXUHPHQW�YDULDELOLW\�W\SLFDOO\�
LQFUHDVHV� UDQGRP� HUURU� DQG�ZLGHQV�&,�� LH�� LQFUHDVHV�
WKH� ULVN� IRU� D� W\SH� ,,� HUURU��7KHUHIRUH�� ODUJH�PHDVXUH-
ment variability tends to bias results towards the null 

K\SRWKHVLV� DQG� LV� QRW� H[SHFWHG� WR� FDXVH� D� VLJQL¿FDQW�
VSXULRXV�HIIHFW�LQ�DQ\�RQH�GLUHFWLRQ��'HVSLWH�WKH�VPDOO�
VDPSOH�VL]H�LQ�WKLV�5&7�VWXG\��WKH�PHDVXUHG�%3�HIIHFWV�
ZHUH�ZLWKLQ� ����&,� DQG� WKXV� GR� QRW� LQGLFDWH� D� KLJK�
SUREDELOLW\� RI� VXFK� HUURUV��0RUHRYHU�� DGMXVWPHQW� IRU�
several potential confounders makes it unlikely that the 

UHVXOWV�ZHUH�ELDVHG�E\� FRQIRXQGLQJ� IDFWRUV��)RU� WKHVH�
UHDVRQV��LW�VHHPV�LQDSSURSULDWH�WR�GLVUHJDUG�WKH�¿QGLQJV�
DV� V\VWHPDWLFDOO\�ELDVHG��DQG� WKHUH� LV�QR� LQGLFDWLRQ�RI�
DQ\�GLIIHUHQWLDO�PLVFODVVL¿FDWLRQ�ELDV�WKDW�FRXOG�SRVVLEO\�
OHDG�WR�D�VSXULRXV�LQFUHDVH�LQ�%3�LQ�WKH�DHURELF�H[HUFLVH�
group only.

Practical implications

&OHDQHUV�VXIIHU�IURP�DQ�LQFUHDVHG�ULVN�RI�&9'�����������
SDUWLDOO\� GXH� WR� WKHLU� ORZ� FDUGLRUHVSLUDWRU\�¿WQHVV� DQG�
KLJK� DHURELF�ZRUNORDG� ����� ����� ,Q� IDFW�� WKH� H[WHQVLYH�
REMHFWLYH�PHDVXUHPHQWV� UHYHDOHG� WKDW�PRUH� WKDQ� KDOI�
������RI�RXU� VWXG\�SRSXODWLRQ�H[FHHGHG� UHFRPPHQGHG�
levels of relative aerobic workload during working hours 

DW�EDVHOLQH��3UHYLRXV�UHVHDUFK�KDV�OLQNHG�KLJKHU�OHYHOV�RI�
aerobic workload with accelerated progression of ath-

HURVFOHURVLV������DQG�LQFLGHQFH�RI�P\RFDUGLDO�LQIDUFWLRQ�
������&OHDUO\��WKHUH�LV�D�QHHG�WR�GHYHORS�LQWHUYHQWLRQV�WKDW�
safely reduce aerobic workload and cardiovascular risk 

among high-risk occupational groups experiencing a high 

level of occupational physical activity (3). 

The present study shows that the aerobic exercise 

worksite� LQWHUYHQWLRQ� LPSURYHG� FDUGLRUHVSLUDWRU\� ¿W-
ness and most of the other measured cardiovascular risk 

factors with only 30 minutes of aerobic exercise twice 

a week for four months. The improvement in cardiore-

VSLUDWRU\�¿WQHVV��DHURELF�ZRUNORDG��5+5�DQG�6+5�PD\�
reduce the risk oI� DOO�FDXVH�DV�ZHOO� DV�&9'�PRUWDOLW\�
��������������±�����2Q�WKH�RWKHU�KDQG��WKH�LQWHUYHQWLRQ�

VLJQL¿FDQWO\�LQFUHDVHG�V\VWROLF�%3��ZKLFK�PD\�UHVXOW�LQ�
DQ� LQFUHDVHG�ULVN�RI�&9'�DQG�DOO�FDXVH�PRUWDOLW\� �����
�����$GGLWLRQDO� UHVHDUFK� LV�QHHGHG� LQ�RUGHU� WR�SURYLGH�
effective and safe recommendations for how to pro-

mote cardiovascular health by aerobic exercise among 

workers with high relative aerobic workload and low 

FDUGLRUHVSLUDWRU\�¿WQHVV��

Concluding remarks

%DVHG� RQ� D� FOXVWHU�UDQGRPL]HG� GHVLJQ� DQG� REMHFWLYH�
GDWD��WKLV�VWXG\�LQGLFDWHV�WKDW�D�ZRUNVLWH�DHURELF�H[HUFLVH�
intervention among cleaners leads to improved cardio-

UHVSLUDWRU\�¿WQHVV�DV�ZHOO�DV�UHGXFHG�DHURELF�ZRUNORDG��
5+5�DQG�6+5��EXW�LQFUHDVHV�V\VWROLF�%3��$FFRUGLQJO\��
LW� VHHPV� OLNH� DHURELF� H[HUFLVH� LQGXFHV� VHYHUDO� EHQH¿-

cial cardiovascular physiological effects but also one 

SRWHQWLDOO\�KDUPIXO�HIIHFW��7KHUHIRUH��UHFRPPHQGDWLRQV�
of aerobic exercise should take into consideration the 

potential cardiovascular overload of workers with high 

OHYHOV� RI� RFFXSDWLRQDO� SK\VLFDO� DFWLYLW\��'XH� WR� WKHVH�
FRQWUDVWLQJ�¿QGLQJV�� IXUWKHU� VWXGLHV�DUH�QHHGHG�EHIRUH�
recommendations with respect to aerobic exercise for 

workers with high levels of occupational physical activ-

ity can be made.
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LQ� 6ZHGHQ�� D� QDWLRQZLGH� HSLGHPLRORJLFDO� VWXG\�� 7KURPE�
5HV�� ������������±���� KWWS���G[�GRL�RUJ���������M�
WKURPUHV������������. 

���� 6¡JDDUG� .�� )DOOHQWLQ� 1�� 1LHOVHQ� -��:RUN� ORDG� GXULQJ� ÀRRU�
FOHDQLQJ��7KH�HIIHFW�RI�FOHDQLQJ�PHWKRGV�DQG�ZRUN�WHFKQLTXH��
(XU� -� $SSO� 3K\VLRO� 2FFXS� 3K\VLRO�� ����������±���� KWWS���
G[�GRL�RUJ���������%)��������. 

���� 6¡JDDUG�.��/DXUVHQ�%��-HQVHQ�%5��6M¡JDDUG�*��'\QDPLF�ORDGV�
RQ� WKH�XSSHU� H[WUHPLWLHV�GXULQJ� WZR�GLIIHUHQW�ÀRRU�FOHDQLQJ�
PHWKRGV�� &OLQ� %LRPHFK�� �����������±���� KWWS���G[�GRL�
RUJ���������6��������������������. 

���� :RRGV� 9�� %XFNOH� 3�� 0XVFXORVNHOHWDO� LOO� KHDOWK� DPRQJVW�
cleaners and recommendations for work organisational change. 

,QW� -� ,QG� (UJ�� ����������±���� KWWS���G[�GRL�RUJ���������M�
HUJRQ������������. 

���� .RUVK¡M� 0�� .UXVWUXS� 3�� -¡UJHQVHQ� 0%�� 3UHVFRWW� (��
+DQVHQ�$0�� .ULVWLDQVHQ� -�� HW� DO�� &DUGLRUHVSLUDWRU\� ¿WQHVV��
FDUGLRYDVFXODU�ZRUNORDG� DQG� ULVN� IDFWRUV� DPRQJ� FOHDQHUV�� D�
FOXVWHU�UDQGRPL]HG�ZRUNVLWH�LQWHUYHQWLRQ��%0&�3XEOLF�+HDOWK��
�������������KWWS���G[�GRL�RUJ�������������������������. 

���� 'DYLHV�&70��.QLEEV�$9��7KH�WUDLQLQJ�VWLPXOXV��7KH�HIIHFWV�
RI� LQWHQVLW\�� GXUDWLRQ� DQG� IUHTXHQF\� RI� HIIRUW� RQ�PD[LPXP�
DHURELF� SRZHU� RXWSXW�� ,QW� =� DQJHZ� 3K\VLRO�$UEHLWVSK\VLRO��
�����������±�����

���� %DUWKRORPHZ�/.��3DUFHO�*6��.RN�*��,QWHUYHQWLRQ�PDSSLQJ��
a process for developing theory- and evidence-based health 

HGXFDWLRQ� SURJUDPV�� +HDOWK� (GXF� %HKDY�� �����������±����
KWWS���G[�GRL�RUJ���������������������������. 

���� 2¶%ULHQ�(��:DHEHU�%��3DUDWL�*��6WDHVVHQ�-��0\HUV�0��%ORRG�
SUHVVXUH�PHDVXULQJ�GHYLFHV��UHFRPPHQGDWLRQV�RI�WKH�(XURSHDQ�
6RFLHW\�RI�+\SHUWHQVLRQ��%U�-�6SRUWV�0HG��������������±���

���� %RUJ� *$9�� 3K\VLFDO� SHUIRUPDQFH� DQG� SHUFHLYHG� H[HUWLRQ��
/XQG��&:.�*OHUXS��������

���� 6DOWLQ� %�� *ULPE\�*�� 3K\VLRORJLFDO� DQDO\VLV� RI�PLGGOH�DJHG�
and old former athletes. Comparison with still active athletes 

RI�WKH�VDPH�DJHV��&LUFXODWLRQ��������������±����KWWS���G[�GRL�
RUJ������������&,5����������. 

���� %M¡UQHU� -%��:DOOHQVWHLQ� *9�� 0DUWLQ� 0&�� /LQ� 3�� %ODLVGHOO�
*URVV� %�� 7DN� 3&�� HW� DO�� ,QWHUSUHWLQJ� VFRUH� GLIIHUHQFHV� LQ�
WKH� 6)���� 9LWDOLW\� VFDOH�� XVLQJ� FOLQLFDO� FRQGLWLRQV� DQG�
functional outcomes to define the minimally important 

GLIIHUHQFH��&XUU�0HG�5HV�2SLQ�������������±���KWWS���G[�GRL�
RUJ������������������;������. 

���� &DQR\�'��'LVWULEXWLRQ�RI�ERG\�IDW�DQG�ULVN�RI�FRURQDU\�KHDUW�
GLVHDVH�LQ�PHQ�DQG�ZRPHQ��&XUU�2SLQ�&DUGLRO�������������±
8. KWWS���G[�GRL�RUJ���������+&2��E���H���������D. 

���� +DQ�76��6DWWDU�1��/HDQ�0��$%&�RI� REHVLW\��$VVHVVPHQW� RI�
REHVLW\� DQG� LWV� FOLQLFDO� LPSOLFDWLRQV��%0-�� ������������±���
KWWS���G[�GRL�RUJ���������EPM�������������. 

���� $DGDKO�0��=DFKR�0��/LQQHEHUJ�$��7KXHVHQ�%+�� -RUJHQVHQ�
7��&RPSDULVRQ�RI�WKH�'DQLVK�VWHS�WHVW�DQG�WKH�ZDWW�PD[�WHVW�
IRU� HVWLPDWLRQ� RI� PD[LPDO� R[\JHQ� XSWDNH�� WKH� +HDOWK�����
VWXG\�� (XU� -� 3UHY� &DUGLRO�� ������������±���� KWWS���G[�GRL�
RUJ�������������������������. 

���� %DUUHLUD�79��.DQJ�0��&DSXWR� -/��)DUOH\�56��5HQIURZ�06��

9DOLGDWLRQ�RI� WKH�$FWLKHDUW�0RQLWRU� IRU� WKH�0HDVXUHPHQW�RI�
3K\VLFDO�$FWLYLW\��,QW�-�([HU�6FL��������������±����

���� .ULVWLDQVHQ�-��.RUVK¡M�0��6NRWWH�-+��-HVSHUVHQ�7��6¡JDDUG�.��
0RUWHQVHQ�26��HW�DO��&RPSDULVRQ�RI�WZR�V\VWHPV�IRU�ORQJ�WHUP�
heart rate variability monitoring in free-living conditions - a 

SLORW�VWXG\��%LRPHG�(QJ�2QOLQH�������������

���� %UDJH� 6�� %UDJH� 1�� )UDQNV� 3:�� (NHOXQG� 8�� :DUHKDP� 1-��
Reliability and validity of the combined heart rate and 

PRYHPHQW�VHQVRU�$FWLKHDUW��(XU�-�&OLQ�1XWU�������������±����
KWWS���G[�GRL�RUJ���������VM�HMFQ��������. 

���� .DUYRQHQ� -�� 9XRULPDD� 7�� +HDUW� UDWH� DQG� H[HUFLVH� LQWHQVLW\�
GXULQJ� VSRUWV� DFWLYLWLHV�� 3UDFWLFDO� DSSOLFDWLRQ�� 6SRUWV� 0HG��
����������±���� KWWS���G[�GRL�RUJ������������������
���������������. 

���� %UDJH�6��%UDJH�1��)UDQNV�3:��(NHOXQG�8��:RQJ�0<��$QGHUVHQ�
/%�� HW� DO�� %UDQFKHG� HTXDWLRQ� PRGHOLQJ� RI� VLPXOWDQHRXV�
accelerometry and heart rate monitoring improves estimate 

RI�GLUHFWO\�PHDVXUHG�SK\VLFDO� DFWLYLW\� HQHUJ\�H[SHQGLWXUH�� -�
$SSO� 3K\VLRO�� �����������±���� KWWS���G[�GRL�RUJ���������
MDSSOSK\VLRO�����������. 

���� 0DNRZLHF�'DEURZVND�7��%RUWNLHZLF]�$��5DGZDQ�:ORGDUF]\N�
=�� .RV]DGD�:ORGDUF]\N� :�� 3K\VLRORJLFDO� UHDFWLRQ� WR�
ZRUNORDG�LQ�ZRPHQ�SHUIRUPLQJ�PDQXDO�RU�PHQWDO�ZRUN��3RO�-�
2FFXS�0HG�(QYLURQ�+HDOWK������������±����

���� 6NRWWH� -��.RUVK¡M�0��.ULVWLDQVHQ� -��+DQLVFK�&��+ROWHUPDQQ�
$�� 'HWHFWLRQ� RI� SK\VLFDO� DFWLYLW\� W\SHV� XVLQJ� WULD[LDO�
DFFHOHURPHWHUV�� -� 3K\V� $FW� +HDOWK�� ����������±���� KWWS���
G[�GRL�RUJ���������MSDK����������. 

���� :KLWH� ,5�� &DUSHQWHU� -�� +RUWRQ� 1-�� ,QFOXGLQJ� DOO�
LQGLYLGXDOV� LV� QRW� HQRXJK�� OHVVRQV� IRU� LQWHQWLRQ�WR�WUHDW�
DQDO\VLV�� &OLQ� 7ULDOV�� ����������±����� KWWS���G[�GRL�
RUJ�������������������������. 

���� $OWPDQ�'*��0LVVLQJ�RXWFRPHV�LQ�UDQGRPL]HG�WULDOV��DGUHVVLQJ�
WKH�GLOHPPD��2SHQ�0HGLFLQH�����������±��

���� .UDXVH�1��-%�%UDQG��$�2Q\HEXFKL��-�.DXKDQHQ��2FFXSDWLRQDO�
SK\VLFDO� DFWLYLW\� DQG����\HDU� LQFLGHQFH�RI� DFXWH�P\RFDUGLDO�
LQIDUFWLRQ�� UHVXOWV� IURP� WKH�.XRSLR� ,VFKHPLF�+HDUW�'LVHDVH�
5LVN�)DFWRU�6WXG\��6FDQG�-�:RUN�(QYLURQ�+HDOWK���RQOLQH�¿UVW�

����� ,OPDULQHQ�-��3K\VLFDO�UHTXLUHPHQWV�DVVRFLDWHG�ZLWK�WKH�ZRUN�
RI� DJLQJ� ZRUNHUV� LQ� WKH� (XURSHDQ� 8QLRQ�� ([S�$JLQJ� 5HV��
���������±����KWWS���G[�GRL�RUJ������������������������
513. 

���� -HQVHQ�07�� 6XDGLFDQL� 3�� +HLQ� +2�� *\QWHOEHUJ� )�� (OHYDWHG�
UHVWLQJ� KHDUW� UDWH�� SK\VLFDO� ¿WQHVV� DQG� DOO�FDXVH� PRUWDOLW\��
D� ���\HDU� IROORZ�XS� LQ� WKH� &RSHQKDJHQ� 0DOH� 6WXG\��
+HDUW� � �����������±��� KWWS���G[�GRL�RUJ���������
KHDUWMQO������������. 

���� )R[� .�� %RUHU� -6�� &DPP�$-�� 'DQFKLQ� 1�� )HUUDUL� 5�� /RSH]�
6HQGRQ� -/�� HW� DO�� 5HVWLQJ� KHDUW� UDWH� LQ� FDUGLRYDVFXODU�
GLVHDVH�� -�$P� &ROO� &DUGLRO�� �����������±���� KWWS���G[�GRL�
RUJ���������M�MDFF������������. 

���� &RRQH\�07��9DUWLDLQHQ�(��/DDWLNDLQHQ�7��-XROHYL�$��'XGLQD�$��
*UDKDP�,0��(OHYDWHG�UHVWLQJ�KHDUW�UDWH�LV�DQ�LQGHSHQGHQW�ULVN�
factor for cardiovascular disease in healthy men and women. 

$P� +HDUW� -�� ������������±��� KWWS���G[�GRL�RUJ���������M�
DKM������������. 

http://dx.doi.org/10.1016/j.thromres.2011.07.050
http://dx.doi.org/10.1016/j.thromres.2011.07.050
http://dx.doi.org/10.1007/BF00262812
http://dx.doi.org/10.1007/BF00262812
http://dx.doi.org/10.1016/S0268-0033(01)00083-3
http://dx.doi.org/10.1016/S0268-0033(01)00083-3
http://dx.doi.org/10.1016/j.ergon.2005.08.001
http://dx.doi.org/10.1016/j.ergon.2005.08.001
http://dx.doi.org/10.1186/1471-2458-12-645
http://dx.doi.org/10.1177/109019819802500502
http://dx.doi.org/10.1161/01.CIR.38.6.1104
http://dx.doi.org/10.1161/01.CIR.38.6.1104
http://dx.doi.org/10.1185/030079907X178757
http://dx.doi.org/10.1185/030079907X178757
http://dx.doi.org/10.1097/HCO.0b013e328313133a
http://dx.doi.org/10.1136/bmj.333.7570.695
http://dx.doi.org/10.1177/2047487312462825
http://dx.doi.org/10.1177/2047487312462825
http://dx.doi.org/10.1038/sj.ejcn.1602118
http://dx.doi.org/10.2165/00007256-198805050-00002
http://dx.doi.org/10.2165/00007256-198805050-00002
http://dx.doi.org/10.1152/japplphysiol.00703.2003
http://dx.doi.org/10.1152/japplphysiol.00703.2003
http://dx.doi.org/10.1123/jpah.2011-0347
http://dx.doi.org/10.1123/jpah.2011-0347
http://dx.doi.org/10.1177/1740774512450098
http://dx.doi.org/10.1177/1740774512450098
http://dx.doi.org/10.1080/036107302753365513
http://dx.doi.org/10.1080/036107302753365513
http://dx.doi.org/10.1136/heartjnl-2012-303375
http://dx.doi.org/10.1136/heartjnl-2012-303375
http://dx.doi.org/10.1016/j.jacc.2007.04.079
http://dx.doi.org/10.1016/j.jacc.2007.04.079
http://dx.doi.org/10.1016/j.ahj.2009.12.029
http://dx.doi.org/10.1016/j.ahj.2009.12.029


 Scand J Work Environ Health – online first 13

Korshøj et al

���� .UDXVH� 1�� /\QFK� -:�� .DSODQ� *$�� &RKHQ� 5'�� 6DORQHQ� 5��
6DORQHQ� -7�� 6WDQGLQJ� DW� ZRUN� DQG� SURJUHVVLRQ� RI� FDURWLG�
DWKHURVFOHURVLV��6FDQG�-�:RUN�(QYLURQ�+HDOWK�������������±
36. KWWS���G[�GRL�RUJ���������VMZHK����. 

���� 2¶%ULHQ�(��$VPDU�5��%HLOLQ�/��,PDL�<��0DQFLD�*��0HQJGHQ�
7�� HW� DO�� 3UDFWLFH� JXLGHOLQHV� RI� WKH� (XURSHDQ� 6RFLHW\�
RI� +\SHUWHQVLRQ� IRU� FOLQLF�� DPEXODWRU\� DQG� VHOI� EORRG�
SUHVVXUH� PHDVXUHPHQW�� -� +\SHUWHQV�� �����������±���� 
KWWS���G[�GRL�RUJ������������KMK������������������F�. 

���� +H�-��:KHOWRQ�3.��(OHYDWHG�V\VWROLF�EORRG�SUHVVXUH�DQG�ULVN�
RI� FDUGLRYDVFXODU� DQG� UHQDO� GLVHDVH�� RYHUYLHZ� RI� HYLGHQFH�
from observational epidemiologic studies and randomized 

FRQWUROOHG�WULDOV��$P�+HDUW�-��������������±���KWWS���G[�GRL�
RUJ���������6��������������������. 

���� +DQVHQ� 7:�� .LNX\D� 0�� 7KLMV� /�� %MRUNOXQG�%RGHJDUG� .��
.X]QHWVRYD� 7�� 2KNXER� 7�� HW� DO�� 3URJQRVWLF� VXSHULRULW\� RI�
daytime ambulatory over conventional blood pressure in 

IRXU� SRSXODWLRQV�� D� PHWD�DQDO\VLV� RI� ������ LQGLYLGXDOV�� -�
+\SHUWHQV�� ������������±���� KWWS���G[�GRL�RUJ���������
+-+��E���H����F��GD�. 

���� 'HWU\�0$��/HZLV�5-��7KH�LQWHQWLRQ�WR�WUHDW�SULQFLSOH��KRZ�WR�
DVVHVV�WKH�WUXH�HIIHFW�RI�FKRRVLQJ�D�PHGLFDO�WUHDWPHQW��-$0$��
�����������±���KWWS���G[�GRL�RUJ���������MDPD����������. 

���� 7ZLVN� -�� GH� %0�� GH� 9:�� +H\PDQV� 0�� 0XOWLSOH�
imputation of missing values was not necessary before 

SHUIRUPLQJ� D� ORQJLWXGLQDO� PL[HG�PRGHO� DQDO\VLV�� -� &OLQ�
(SLGHPLRO�� ������������±��� KWWS���G[�GRL�RUJ���������M�
MFOLQHSL������������. 

���� &RUQHOLVVHQ� 9$�� 6PDUW� 1$�� ([HUFLVH� WUDLQLQJ� IRU� EORRG�
SUHVVXUH�� D� V\VWHPDWLF� UHYLHZ� DQG� PHWD�DQDO\VLV�� -� $P�
+HDUW� $VVRF�� �������H�������� KWWS���G[�GRL�RUJ���������
-$+$�����������.

5HFHLYHG�IRU�SXEOLFDWLRQ�����6HSWHPEHU�����
.
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