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Long working hours and risk of coronary
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« Among member countries of the Organisation for
Economic Cooperation and Development (OECD), Turkey
has the highest proportion of individuals working more
than 50 h per week (43%), and the Netherlands the
lowest (<1%).

 For all OECD countries, a mean of 12% of employed men
and 5% of employed women work more than 50 h per
week.

Il

« Long working hours might increase the risk of
cardiovascular disease, but prospective evidence is
scarce, imprecise, and mostly limited to coronary heart
disease.

The Lancet, 19 August 2015

o T— Violume 386 Issue 10005 , 1710 - 1711
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Z2HER = RREEE » SRR EH
Method [ i @ﬁ@_] [ MESH Terms K—RGieE 0=

We identified published studies through a
systematic review of PubMed and Embase
from inception to Aug 20, 2014. We obtained
unpublished data for 20 cohort studies from the
Individual-Participant-Data Meta-analysis In
Working Populations (IPD-Work) Consortium
and open-access data archives.
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PRISMAFREE

A
3705 studies identified through 0742 studies with
database search unpublished data
1898 PubMed 13 IPD-Work
1807 Embase 3495 ICPSR
6234 UK DS
3700 excluded 0722 excluded
877 duplicates 9722 missing data
— 2823 missing data — in open-access
studies
\ 4 \ 4
5 published cohort studies 20 cohort studies with

unpublished data

v

25 studies included in meta-analysis of coronary heart disease*

(A) Long working hours and coronary heart disease.
(B) Long working hours and stroke
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1958 studies identified through 9742 studies with
database search unpublished data
789 PubMed 13 IPD-Work
1169 Embase 3495 ICPSR
6234 UK DS
1957 excluded 9726 excluded
639 duplicates 9726 missing data
il 1318 missing data — in open-access
studies
Y Y
1 published cohort study 16 cohort studies with
unpublished data
17 studies included in meta-analysis of stroke
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Quality assessment

To assess the quality of included studies, we used the
Cochrane Risk of Bias Tool for cohort studies.” We

analysed selection of exposed and non-exposed groups,
assessment of exposure, exclusion of the outcome of
interest at study baseline, adjustment for confounding
variables, assessment of confounding variables, assess-
ment of outcome, and adequacy of the follow-up. The
quality of the study was regarded as high if all domains
were assessed favourably.
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eTable 2. Assessment of 7 domains of study quality and the overall quality score. eTable 3. Response at baseline and loss to follow-up.
1 2 3 4 5 6 7 o
- ; Basel R L follow-up,%
Exposed Confiden Confidenc Compre Confiden Confiden Adequate HIGH aseling year besPF"se :: SRR,
and cein ein hensive ce in ce in follow-up QUALITY aseling,
UNexpos  exposur exclusion adjustm  confoun outcome . .
ed from e of ents ders assessm Published studies
the assessm  prevalent assessm  ent Holtermann® g
same ent cases ent : - 1970-01 7 <10
populati Virtanen¥ 1991-94 74 <10
i Netteﬁtrom"s 1993-94 63 <10
. " Toker 2003-08 92 24
Published studies Bl
Holtermann®’ + + + + ++ + + + + Yes O'Reilly 2001 88 <10
Virtanen+"* ++ + + ++ ++ ++ ++ Yes Unpublished data
43
Netterstrom e + + t * e e Yes IPD-Work consortium:
Toker®® ++ + * ++ ++ + + Yes Whitehall II” 1991-94 74 <10
O'Reilly® ++ + - - + + + + No WOLF 5™ 1992-95 76 <10
Unpublished data Belstress™ 1994-98 48 <10
IPD-Work WOLFHNm 1996-98 82 <10
consortium: IPAW™ 1996-97 76 <10
Whitehall 117 + + + + ++ ++ + 4+ 4 Yes COPSOQ-I 1997 61 <10
18 + + + + ++ + + + + + + Yes HeSSup 1998 40 <10
WOLF S PUMA™ 1999 80 <10
Belstress® + + + ++ ++ ++ ++ Yes FPS* 2000 68 <10
WOLF MN2° + + + + + + + + + + + + Yes HNR™ 2000 56 <10
2
IPAW2L + + + + + + + + + + Yes B(\;V;SCC‘)_;(; I 2000 75 <10
| 2004 59 <10
COPSOQ-122 + + + + + + + + + + Yes NWCS 2005-06 30 <0
HeSSup™ + + + + + + + + + Yes o .
2 JeN=-access arcnives:
Pur‘:? A + + + + + + + + + + Yes Alameda™ 1973 86 40
EPS ++ + + + + + + + + Yes NHANES-I* 1982 03 <10
HNR + + + ++ + + + + + + Yes ACL® 1986 68 19
DWECS? + + + + + + + + + + Yes WLSGE 1992 82 17
COPSOQ-11% + + + + + + + + + Yes WLSSs* 1993 56 26
NWCsH + + + + + + + + + Yes MIDUS* 1995 61 32
Open-access HILDA® 2005 66 20
archives:
Alameda®? ++ + + + + - + No
NHAMES-13! + + + + + + - + + No o .
AcL s + + + - +4 No 17 (68%) of the 25 studies were
WLsG3® + + + + + + - + + No
34 + + + + + - + No 1 H 1
wLss assessed as being of high quality.
MIDUS + + + + + + - + No
HILDAY + + + + + + - + No

Note. ++ = definitely yes; + = probably/mostly yes; - = probably/mostly no; - - = definitely —-

?'ﬁ wn% ME & 4\\3**
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eTable 1.Characteristics cj participants from publi and unpublished studies

Year* Country Number of Number (%) of Mean age Number (%) of Person-years Number of CHD Person- Number of stroke
participants women at baseline participants with for CHD events (incidence years for events (incidence
(years) long working per 10 D00 person- stroke per 10 000 person-
hourst years) years)
Published studies
Holtermann®” 2010 Denmark 4943 0 (0%) 48.6 922 (15%) 123 791 591 (47.7) - -
Virtanen#* 2010 UK 6014 1752 (29%) 48.7 617 (10%) 68 893 159 (23.1) - -
Netterstrom®® 2010 Denmark 1146 595 (52%) 47.0 135 (12%) 16 044§ 104 (64.8) - -
Toker** 2012 Israel 8838 3126 (35%) 44.9 unknown 31817 93 (29.2) - -
O'Reilly® 2013  Northern 414 949 144 938 (35%) 39.0 39 069 (9%) 3 610 056 957 (2.7) 2617 534 215 (0.8)
Ireland
Unpublished data long working hours referred to 55+ hours of work per week,

IPD-Work consortium: | u« except in Netterstrom (50+ hours per week), Holtermann4(46+ hours per week) and 5
WOrFS™ 1wuzus sweden | Tokerd(continuous variable) 1)
Belstress'® 1994-98  Belgium -
WOLF N2° 1996-98 Sweden 4648 772 (17%) 44.0 55 (1%) 53513 133 (24.9) 53 667 95 (17.7)
IPAW?! 1996-97 Denmark 2021 1360 (68%) 41.2 6 (<1%) 27 603 43 (15.6) 26 019 57 (21.9)
COPSOQ-1#2 1997 Denmark 1803 B76 (49%) 40.6 109 (6%) 22 751 37 (16.3) 21 611 37 (17.1)
HeSSup? 1998  Finland 16 150 8971 (56%) 39.6 1417 (9%) 112 334 68 (6.1) 112 712 78 (6.9)
PUMAZ* 1999 Denmark 1783 1473 (83%) 42.7 17 (1%) 19 519 19 (9.7) 18 389 35 (19.0)
FPs®s 2000 Finland 44 565 35 B40 (80%) 44.6 1414 (3%) 429 886 221 (5.1) 428 873 333 (7.8)
HNRZS 2000 Germany 1774 732 (41%) 53.3 295 (17%) 14 449 38 (26.3) - -
DWECS? 2000 Denmark 5535 2590 (47%) 41.8 440 (8%) 54 099 66 (12.2) 49 115 92 (18.7)
COPSOQ-II*® 2004 Denmark 3389 1785 (53%) 42.7 177 (5%) 20 144 12 (6.0) 17 292 22 (12.7)
NwCs™? 2005-06  Netherlands 43 510 22 178 (51%) 40.1 2893 (V%) 157 020 116 (7.4) - -

Open-access archives: 1585 666 (42%) 44.0 152 (10%) 34 634§ 120 (34.6) 35924§ 37 (9.9)

B —— 4875 2800 (57%) 48.8 477 (10%) 44 005§ 278 (63.2) 463108 117 (26.0)
ACL2 1986 USA 1502 802 (53%) 44.5 181 (12%) 19 070§ 144 (75.5) 190348 79 (35.2)
wLsG™ 1992 USA 5421 2883 (53%) 54.1 724 (13%) 60 538§ 648 (107.0) 742958 163 (20.5)
WLss* 1993  UsSA 2366 1299 (55%) 52.4 324 (14%) 26 608§ 243 (91.3) 37079% 90 (19.4)
MIDUS*® 1995 USA 3303 1637 (50%) 44,2 464 (14%) 29 538§ 331(112.1) 260528 23 (8.8)
HILDAZ® 2005 Australia 4879 2343 (48%) 41.4 541 (11%) 19 535§ 86 (44.0) - -
Total 603 B38 220 210 (37%) 40.5 51 512 (9%) 5127 325 4768 (9.3) 3 785 235 1722 (4.5)

* For published studies, year of publication. For unpublished studies, year of baseline examination.

t In all studies defined long working hours referred to 55+ hours of work per week, except in Netterstrom®? (50+ hours per week), Holtermann®’ (46+ hours per week) and Toker*® (continuous variable)
#Overlapping dataset - only one of the two used in analyses.

§Calculated from the formula: number of participants x total follow-up time

§Calculated from the formula: number of participants x total follow-up time
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Total (N)  Events (N) Relative risk (95% Cl) p value
Published studies
Holtermann (2010)% 4943 591 @ —f— = 1.28 (0-92-1:79) 01495
Virtanen (2010)% 10957 750 » 1.50 (1-03-2-19) 00364
Netterstrom (2010)* 12103 854 1.40 (0-96-2.05) 00821
Toker (2012)* 20941 947 — = 130 (1:03-1:66) 00301
O'Reilly (2013)¢ 435890 1904 —m— 1.25 (1.06-1:47) 0-0067 - -
Snpabtished stdies published and unpublished
WOLF-S*® 441444 2016 — 1.23 (1.02-1-49) 00296 - -
Belstress® 453129 2089 . 1.21 (0.99,1.49) 0.0678 d ata Of t h e aSS O C I atl O n
WOLF-N?° 457777 2222 —a— 121 (1-:00-1:47) 0-0476 .
oo O = oaesen s DEtween long working hours
HeSSup® 475730 2327 —i— 1.22 (1.04-1-44) 0-0154 - -
. NSS! : s oame a@nd incident coronary heart
HNR® 522069 2586 —— 119 (1-02-139) 0-0290 H
DWECS? 527604 2652 —— 1-17 (1-:01-1-37) 0-0392 d I S e ase
COPSOQ-1I8 530993 2664 —— 118 (1.02-1:36) 00231
NWCS® 574503 2780 —m— 117 (1-02-1:35) 00225
Alameda™ 575946 2905 —— 116 (1.01-133) 00297
NHANES* 580868 3185 —— 117 (1-03-1:33) 00160
ACL* 582371 3329 —— 119 (1.05-1:35) 0-0064
WLSG* 587795 3977 - 113 (1:01-1-27) 00329
WLSS 590271 4234 - 116 (1-03-1-29) 0-0115
MIDUS™ 593591 4566 = 114 (1:03-1:27) 0-0125 (|2:O% p:O . 49)
HILDA® 598470 4652 E B 113 (1-02-1-26) 0-0159 ’

I T 1

=

Figure 2 0;(‘—“ I—:S: N sreRdnoe: M2 Of O ER
Cumulative meta-analysis of published and unpublished data of the association

between long working hours and incident coronary heart disease
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« 603 838 men and women free from coronary heart
disease at baseline contributed to the analysis of

long working hours and incident coronary heart
disease.

« 4768 of these individuals had an event during the
mean follow-up of 8-5 years.

« 528 908 men and women free from stroke at
baseline contributed to the analysis of long working
hours and incident stroke.

« 1722 of these individuals had an event during mean
follow-up of 7-2 years.
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=
long working hours and incident stroke

Total (N)  Events (N) Relative risk (95% Cl) p value
Published studies
O'Reilly (2013)® 414949 215 = 1-38 (0-88-2-17) 01616
Unpublished studies
WOLF-S* 420496 312 = 1-28 (0-84-1-95) 0-2540
COPSOQ-1* 422343 349 = 130 (0-87-1-93) 0-2053
HeSSup® 438549 427 = 1-46 (1.03-2:07) 0-0340
FPS 483050 760 » 1-40 (1-05-1-88) 0-0229
DWECS?” 488629 852 ] 1-35 (1-03-1.77) 0-0314
COPSOQ-11%® 492117 874 i 137 (1-05-1-79) 0-0197
Whitehall 117 499782 1026 —— 1-34 (1-05-1.71) 0-0199
Alameda®® 501426 1063 — 1-38 (1.:09-1-75) 0-0077
NHANES* 506554 1180 —B 1-42 (1-14-1-77) 0-0017
ACL* 508063 1259 —B— 137 (1-10-1-70) 0-0042
WLSG» 514715 1422 — B 1-38 (1-14-1-68) 0-0012
WLSS3 518003 1512 —— 133 (1-11-1-61) 0-0025
MIDUS®* 520925 1535 —— 1-33(1-11-1-61) 0-0022

(12=0%, p=0-67) o j A )
- Figure3 — —>

«  Cumulative meta-analysis of puinsR%Cr an rﬁlr(\publllgﬁree%&?ﬂjzﬂ%( of the association between long working hours

and incident stroke -
L T
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dose-response association for stroke

RRIE

» LR/, BIRE T (ERSEAELE
~41-48 1-10 (95%Cl 0-94-1-28; p = 0.24 )
-49-54 1.27 (1-03-1-56; p = 0.03) -
~ 55 1-33 (111-1-61; p = 0.002 )
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eTable 4. Association of long working hours with incident coronary heart disease and stroke in
subgroups. Estimates are adjusted, when appropriate, for age, sex and socioeconomic status.

N of Relative risk (95% ClI) P-value Meta-
events regression
p-value

Outcome: Incident coronary heart disease

Sex
Men 1928 1.09 (0.94-1.26) 0.2391
} 0.48
Women 868 1.20(0.89-1.63) 0.2379
Age group
<GO0 years 682 1.1g9 (0.91-1.57) 0.2004
} 0.50
=50 years 2071 1.06 (0.90-1.24) 0.4952
Socioeconomic status
High 868 1.02 (0.85-1.23) 0.0210
Intermediate 729 1.14 (0.87-1.50) 0.3476 0.15
Low 833 1.30 (1.04-1.632) 0.8202
Outcome: Incident stroke St ro ke
Sex
Men 723 1.29 (1.04-1.60) 0.0192
} 0.31
Women 5og 1.63 (1.10-2.43) 0.0151
Age group
<50 years 396 1.14 (0.78-1.67) 0.4857 7
- 0.34
>50 years 924 1.43 (1.11-1.84) o0.0057
Socioeconomic status
High 325 1.29 (0.93-1.80) 0.1297
Intermediate 466 1.79 (1.21-2.65) 0.0035 0.39
Low 478 1.59 (1.15-2.19) c.0048 |

13




eFigure 4. Age- and sex-adjusted random-effects meta-analysis of long working hours and incident
coronary heart disease in low, intermediate and high-SES groups

Socioeconomic status (SES) and study Relative

risk (95% Cl) P-value
Low SES
HeSSup = 2.30 (0.73, 7.26) 0.1560
HNR = 2.80 (0.68, 11.54) 0.1553
Whitehall = 2.80 (0.97, 8.09) 0.0569
DWECS = 1.41 (0.41, 4.79) 0.5856
COPSOQ-II = > 4.97 (0.44, 56.12) 0.1949
COPSOQ-1 . 0.85 (0.11, 6.48) 0.8761
Subtotal (I-squared = 0.0%, p = 0.835) - 2.18 (1.25, 3.81) 0.0060
Intermediate SES
FPS B 1.27 (0.40, 4.05) 0.6864
COPSOQ-1 = 0.56 (0.07, 4.84) 0.6008
DWECS = 0.75 (0.24, 2.35)  0.6263
HeSSup = 1.29 (0.37, 4.53) 0.6879
Whitehall —1—— 1.51 (0.77, 2.96) 0.2271
Subtotal (l-squared = 0.0%, p = 0.811) = 1.22 (0.77, 1.95) 0.4023
High SES
FPS " 0.97 (0.29, 3.26) 0.9620
WOLF - 0.71(0.17, 2.96)  0.6369
HNR ] 0.32 (0.07, 1.57) 0.1611
Whitehall —!— 0.92 (0.50, 1.69) 0.7863
WOLF 0.95 (0.06, 15.28) 0.9734
Belstress = 0.77 (0.09, 6.89) 0.8142
HeSSup - > 2.88 (0.40, 20.52) 0.2920
Subtotal (I-squared - 0.0%, p - 0.797) <[> 0.87 (0.55, 1.38) 0.5606

I | | I | I 1

0.05 0.2 0.5 1 2 5 B 20
Decreased risk Increased risk
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eFigure 5. Age- and sex-adjusted random-effects meta-analysis of long working hours and incident

stroke in low, intermediate and high-SES groups
Stroke

Relative

Socioeconomic status (SES) and study risk (95% ClI) P-value
Low SES
Hessup = 1.63 {0.35, 7.36) 0.3329
FPS » 1.08 (0.39, 2.96) 0.8811
WOLF S = 2.39 (ﬂ.32, 17.76) 0.3929
Whitehall = 2.02 (0.47, 8.65) 0.3411
DWECS L 0.58 {0.14, 2.46) 0.4627
COPSOQ-1 = 1.63 {U.ID, 13.17) 0.6462
Subtotal (I-squared = 0.0%, p = 0.826) = 1.27 (0.70, 2.30)  0.4251
Intermediate SES
Whitehall L 0.56 {{].14, 2.34) 0.4284
FPS —T— 1.69 (0.75, 3.86) 0.2083
Hessup L 2.58 {U.‘B, 7.14) 0.0687
WOLF S . 0.86 (0.11, 6.45) 0.8818
DWECS L 3.88 {1.29, 11.63) 0.0156
COPSOQ-1 = 1.78 {[].31, 10.13) 0.5179
Subtotal (I-squared = 7.9%, p = 0.366) < 1.84 (1.11,3.06) 0.0186
High SES
COPSOQ-II = = 7.10 {{].94, 53.97) 0.0581
Hessup & 1.58 {0.16, 15.54) 0.6970
WOLF § - 0.32 (0.04, 2.75) 0.3006
Whitehall — 1.1 {U.49, 2.52) 0.7957
FPS = 1.18 (0.46, 3.02) 0.7283
Subtotal (I-squared = 10.8%, p = 0.345) <<=~ 1.24 (0.67, 2.30) 0.4902

| I | | I | |

0.05 0.2 05 1 2 5 8 20

Decreased risk Increased risk
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eFigure 7. Association of long working hours (55+ per week) with incident coronary heart
disease and stroke by loss to follow-up, adjusted for age, sex and SES.

Loss(%) Studies(n) Relative risk (95% Cl)

Coronary heart disease

» 30% 2 0.98 {0.71, 1.35)

S B

20%to 30% 2 —— 1.26 (1.00, 1.61)

10% to 20% 3 — 1.01 (0.80, 1.26)

<10% 15 —— 1.18 (1.02, 1.37)
O

Subtotal (I-squared = 0.0%, p = 0.399) 1.13 (1.02, 1.26)

-

> 30% 2 = 1.95 (0.88, 4.31)
20% to 30% 1 = 0.88 (0.45, 1.72)
10%to20% 2 = 1.24 (0.81, 1.89)
<10% 9 —— 1.38 (1.11, 1.73)
Subtotal (I-squared = 0.0%, p = 0.461) <>- 1.33 (1.11, 1.61)

[ I I 1

0.2 0.5 1 y 5

Decreased Risk Increased Risk
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Association of categories of weekly working
hours with incident coronary heart disease and

stroke
Events (N) Total (N) Relative risk pvalue | Dose-
(95% Cl) response
p value*
<35h 478 16022 — 1.08 (0-92-1-27) 03628
35-40h 1393 88115 1-00 (reference)
41-48 h 460 21521 i— 1.02 (0-91-1-15) 0-6980
49-54 h 281 8302 — 1-07 (0-92-1.24) 03946 p 0-18
255 h 347 11363 —.— 1-08(0-94-1-23) 02738
Stroke
<35h 243 14189 —8— 120 (0-98-1-46) 0-0783
36-40h 774 67102 ] 1-00 (reference)
41-48 h 241 18768 S — 1-10 (0-94-128) 02401
49-54h 117 7206 —a— 1-27 (1-03-1.56) 0-0265 | <0-0001
=55 h 132 7170 —a— 133 (111-1-61)  0-0022
| I |
06 1 1.5 2-5
4+— — >
Figure 4 Decreased risk Increased risk

Association of categories of weekly working hours with incident coronary heart disease and stroke
Estimates adjusted for age, sex, and socioeconomic status. *For trend from standard to long working hours.
17
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long working hours and coronary heart disease

* low SES group
—RR of 2.18 (95% Cl 1.25-3.81; p=0-006)

* Intermediate SES group
—1.22 (0.77-1.95; p=0.40)

* high SES group
—0.87 (0.55-1.38; p=0.56)

(p=0-001 for difference between groups)
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Association of categories of weekly working
hours with incident coronary heart disease

Events (N) Relative risk pvalue Meta-
A (95% CI) regression
p value
Coronary heart disease
Follow-up
Full 4652 —— 113 (1-02-1-26) 0-0193 064
First 3 years excluded 711 . 114 (0-80-1-61) 0-4684
Adjustment
Minimum 4652 —— 113(1-02-1.26) 0-0193 0-65
Maximum 2766 —1— 1.08 (0-94-1-24) 0-2773
Outcome ascertainment
Health records 2802 —a— 118 (1-02-1.35) 0-0260 050
Self-report 1850 — . 110 (0-92-1-32)  0-2958
Publication status
Published 1904 —a— 1.25(1:06-1-47) 0-0080 013
Unpublished 2748 —|— 1.08 (0.94-1.23) 0-2773
Region
USA 1764 —— 113(093-137) 02188
Europe 2709 —a— 118 (1.02-1-35) 0-0260
d6 1 fs ﬁ
Flgure 5 D‘ecreased risk Increased risk>

Association of long working hours with incident coronary heart disease and stroke in relation to study
follow-up, adjustments, outcome ascertainment, publication status, and region
(A) Coronary heart disease. (B) Stroke. Estimates adjusted, when appropriate, for age, sex, and

TOE i ai
= 0% I 205 PR
-BIEMEEAR LR B AR RE-
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Association of categories of weekly working

Figure 5

hours with incident coronary stroke

B
Stroke
Follow-up
Full 1535 —a— 133(111-1-61) 00020 073
First 3 years excluded 672 ] 1-42 (0-98-2-05) 0-0638
Adjustment
Minimum 1535 —— 133 (1-11-1-61) 0-0020 0.84
Maximum 1247 —a— 130 (1-05-1-60) 0-0161
Outcome ascertainment
Health records 1026 —a— 134 (1-05-1.71) 0-0187 098
Self-report 509 L 1.31(0-94-1.83) 0-1108
Publication status
Published 215 L 138 (0-88-2-17) 0-1606 0.88
Unpublished 1320 —u— 1.33(1-:08-1-62) 0-0073
Region
USA 509 = 1.31(0-94-1-83) 0-1108 0.98
Europe 1026 —a— 134 (1-05-1.71) 0-0187

06 15 25

+— _— >

Decreased risk

Increased risk

Association of long working hours with incident coronary heart disease and stroke in relation to study
follow-up, adjustments, outcome ascertainment, publication status, and region
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(A) Coronary heart disease. (B) Stroke. Estimates adjusted, when appropriate, for age, sex, and
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* Figure 2: Cumulative meta-analysis of published and unpublished data of
the association between long working hours and incident coronary heart
disease

* no significant heterogeneity (12=0%, p=0.49; appendix).

* Figure 3: Cumulative meta-analysis of published and unpublished data of
the association between long

* working hours and incident stroke

* no significant heterogeneity (12=0%, p=0 * 67; appendix).

 There was no evidence of between-study heterogeneity, reverse causation
bias, or confounding.

 The absence of heterogeneity in the study-specific estimates, and the
uniform findings in the analyses stratified by method of ascertainment,
suggest that this misclassification is not a major source of bias.
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« Employees who work long hours have a
higher risk of stroke than those working
standard hours.

« However, the evidence for coronary heart
disease is less persuasive.

« More attention should be paid to the
management of vascular risk factors in
individuals who work long hours.
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