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Objective   In 1983, global chemical company BASF SE implemented a supplemental health protection 
program to help its employees cope with the stressors associated with shift work. The program included 
comprehensive medical examinations and health promotion activities targeted at shift workers. The aim of 
this study was to to assess the possible long-term health impacts of the program. 

Methods   Cohorts of 14 128 male rotating shift and 17 218 male day wage employees were established via 
electronic job history searches. Health examination and mortality records were linked to job histories and 
studied over an 11-year period. 

Results   Between 1996 and 2006, there were 414 and 463 deaths among rotating shift and day work em-
ployees, respectively. Mortality risks were marginally lower among shift working employees when taking 
age and job level into consideration, and remained so when cigarette smoking, alcohol intake, and existing 
chronic disease conditions were included as explanatory factors. The incidence of obesity, diabetes, and 
diseases of the circulatory and digestive system, as diagnosed or reported during health examinations, was 
higher among shift work employees, possibly as a consequence of enhanced medical surveillance or a direct 
effect of shift work. 

Conclusion   Incorporation of extensive occupational medical examinations, health seminars, and other 
intervention programs may help mitigate the long-term health consequences of shift work. 

Key terms   shift work; evaluation; health promotion; workplace; work schedule tolerance.
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Beyond the direct effects of shift work on disturbance 
of sleep, fatigue, gastrointestinal disorders, and its 
exacerbation of existing health conditions, questions 
have been raised about the long-term health conse-
quences of shift work (1). In men, concerns relate 
primarily to endocrine, nutritional, and metabolic 
disorders, including obesity and diabetes, circula-
tory disease, and digestive system illnesses (1–10). 
Observational studies on the health of shift workers 
have often yielded inconsistent results (11–12), which 
may be partly due to difficulties in addressing socio-
economic and other differences between day and shift 
work employees (13). 

Shift work is a necessary requirement in large-
scale chemical manufacturing due to the nature of 
production processes. Consequently, global chemi-
cal corporation BASF Societas Europaea employs 
large numbers of individuals in shift work at its 

manufacturing facilities in Ludwigshafen, Germany. 
In 1983, representing employees and the works man-
agement of BASF, the Works Council entered into an 
agreement providing additional benefits for shift work 
employees in the form of (i) routine medical examina-
tions including an assessment of suitability for shift 
work, (ii) health promotion retreats lasting up to three 
weeks, and (iii) financial compensation for employ-
ees leaving shift work for health reasons. BASF’s 
Occupational Medical and Health Protection Depart-
ment administers the medical examination and other 
related health promotion programs and also provides 
24-hour, on-site emergency medical services for em-
ployees (14–17). The Medical Department maintains 
a medical information system to support the various 
occupational health activities of the Department. That 
system, in turn, facilitates the evaluation of the effec-
tiveness of the various departmental programs. 



310	 Scand J Work Environ Health 2009, vol 35, no 4

Medical program for shift workers – disease and mortality 

To assess the effectiveness of these shift work 
programs, the Medical Department identified cohorts 
of wage employees assigned to rotating shift or day 
work and followed them over an 11-year period. 
Targeted outcomes included the acute injury and ill-
ness experience at work and the chronic disease and 
mortality experience of both cohorts. In this report, 
we evaluate the chronic disease experience and the 
risk of premature death between 1996 and 2006. Our 
findings are discussed in the context of the various oc-
cupational health protection programs offered through 
the Medical Department. 

Study population and methods

Study population 

The Ludwigshafen site includes BASF production, 
research, and administrative offices. Approximately 
one fourth of all site employees perform rotating shift 
work. Other forms of shift work (eg, schedules related to 
providing emergency services and security) are utilized 
on a limited scale, but are not addressed in the present 
evaluation. As described in more detail elsewhere (18), 
the study population consisted of 14 128 wage em-
ployees, who completed at least one year of full-time, 
rotating shift work, beginning at some time between 
1995 and 2005. The assessment was limited to men as 
few women were assigned to shift work. The referent 
population consisted of 17 218 male wage employees, 
who completed one or more years of day work during 
the same time period and who did not qualify for the 
shift work cohort.

For each employee in the study, we extracted the 
start and end dates of all relevant jobs held between 
1995 and 2006 from electronic work history files. 
Additional items captured for each job were: type of 
shift, level of job (manual labor or skilled/supervi-
sory), and type of work (production, maintenance, or 
other). Complete information on type of shift was not 
available before 1995. 

Shift schedules 

Throughout the study period, the shift schedules used 
at the Ludwigshafen site were fast-forward rotating 12-
hour shifts with the day shift beginning at 06.00 hours 
and the night shift at 18.00 hours. Total working time 
per year was set at 1950 hours; overtime hours were 
equalized by additional time off. Observational studies 
have suggested that such schedules are beneficial to 
health and work-life balance compared to slow-forward 
rotating or backward rotating schedules (19). 

Medical program overview

The ultimate goal of BASF’s various health manage-
ment programs is to maintain shift workers’ personal 
health, workability, and fitness for duty. The programs 
comprise multiple measures that combine medical ex-
aminations, health promotion initiatives, and 24-hour 
emergency medical services. A detailed description 
of the aims and scopes of these programs has been 
provided in a previous publication (18). The essentials 
are summarized in the following paragraphs.

In Germany, legislative mandates require employ-
ers to provide specific occupational health services 
to employees and fund insurance programs to cover 
occupational injuries and illnesses (20). These regula-
tions specify the nature of medical examinations to be 
conducted relative to specific health hazards and set 
minimum requirements for the provision of medical 
services. With the consent of the Works Council, the 
Medical Department may undertake additional disease 
prevention initiatives (15–17, 21). 

As per the 1983 agreement, a medical examination 
program specific to shift work was initiated. A pre-
entry to shift work examination includes spirometry, 
resting electrocardiogram, laboratory tests, and a 
complete physical examination. Based on the findings, 
physicians may make recommendations for undertak-
ing shift work, on which the employee is then free to 
act. Historically, employees had been precluded from 
entering shift work in the presence of certain condi-
tions such as epilepsy, asthma requiring medication, 
recent myocardial infarction, severe hypertension, 
pronounced functional heart disease, and malignan-
cies currently under treatment. Periodic medical ex-
aminations are also provided once every three years 
and annually for employees over the age of 50. 

Both rotating shift and day work employees may 
participate in health seminars and retreats. The retreats 
require medical clearance and consist of seminars on 
various health topics, as well as physical activities 
like Nordic walking, gymnastics, and swimming. 
Slots are apportioned based on workload factors such 
as vigilance and physical exertion requirements of the 
job. By design, a large number of slots are apportioned 
to shift work employees. The program administrator 
documents and maintains the dates of participation 
and the type of seminar. For the purposes of our study, 
data were extracted from 1986–2005. 

Targeted health outcomes 

We obtained information on the incidence and preva-
lence of chronic health conditions as part of scheduled 
and consultative medical examinations that were per-
formed by experienced specialist physicians working 
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in the BASF out-patient clinic. Diagnoses were based 
on hospital records or internal diagnostic findings 
in addition to anamnesis; science-based guidelines 
were used for diagnostics and therapy. Each condi-
tion was coded according to the Tenth Revision of 
the International Classification of Diseases (ICD-10). 
Details concerning how diagnoses were qualified and 
entered into the Medical Record System are provided 
elsewhere (18). 

For active employees, vital status follow-up was 
available through 2006 via personnel records; pension 
records were used after the termination of active em-
ployment. Employees, who left the company without a 
pension benefit, were considered to be “lost-to-follow-
up” as of their last date of active employment. How-
ever, as a pension benefit is accrued after five years of 
employment, the “lost-to-follow-up” percentages for 
the cohorts were quite low (<0.5%). Information on 
cause of death is incomplete due to data restrictions 
and, hence, was not utilized in this assessment. 

Data analysis 

We used SAS Version 8 or Version 9.1 software (SAS 
Institute, Cary, NC, USA) to carry out descriptive and 
statistical analyses. We examined disease prevalence on 
entry to the study to assess potential selection effects 
of certain chronic disease conditions on vital status 
outcome. We also assessed incidence rates for these 
disease conditions in employees with no known prior 
diagnosis in the respective disease categories. The risk 
period was defined as the time between the entry date 
and the date of the most recent follow-up examination; 
thus, results pertain only to employees during their 
period of active company employment. We carried 
out analyses via a Cox proportional-hazards model 
approach using PROC PHREG in SAS. The following 
risk factors were examined: (i) shift versus day work, 
(ii) age on entry to follow-up, (iii) job level, (iv) ciga-
rette smoking history, and (v) alcohol intake. To address 
the potential information bias resulting from the more 
frequent medical examinations offered to shift work 
employees, we used a stratified regression approach to 
account for the differences in examination frequency 
with strata being formed based on the mean interval 
between examinations. To accommodate potential dif-
ferences in the knowledge of existing chronic disease 
conditions, we included as an independent explanatory 
variable the interval between the last examination date 
before the beginning of the risk period and the date of 
entry to the follow-up. 

We assessed mortality using both modified life 
table and Cox proportional-hazard model approaches. 
Person years were accumulated between the date of 
entry to the study and the “last known alive” date up 

to the end of 2006. Due to the inclusion criterion of 
having achieved at least one year of shift or day work 
beginning in 1995, the entry date could be no earlier 
than 1996. For employees who began the study pe-
riod in day work jobs and later changed to rotating 
shift work, the qualifying person years during day 
work were included in the calculation of day work. 
However, the impact was minimal. We calculated 
confidence intervals for standardized mortality ratios 
on Poisson distribution assumptions. For external 
mortality comparisons, we used five-year age- and 
calendar-specific death rates for the total German 
male population (1995–2006) (22). For internal com-
parisons, the potential differential impact of shift work 
on mortality was assessed relative to: (i) age on entry 
to follow-up, (ii) job level, (iii) cigarette smoking 
history, (iv) alcohol intake, and (v) prevalent chronic 
disease conditions known on entry to follow-up.

Results

Baseline characteristics of rotating shift and day work 
employees are presented in table 1 on the following 
page. The mean age on entry to the study was very 
similar between the cohorts – 38.0 and 38.1 years of 
age for shift and day work employees, respectively. 
Rotating shift employees were more likely to be 
assigned to jobs involving manual labor than day 
workers and were also more likely to be assigned to 
production than maintenance or production support 
jobs. These latter activities are generally undertaken 
during daytime work hours. Cigarette smoking was 
more prevalent among shift than day work employees; 
whereas, there was no notable difference in alcohol 
intake patterns between the two cohorts. Participation 
in health seminar retreats was higher among shift than 
day work employees, particularly during the period 
after entry to the study. 

Vital status follow-up and medical examination 
history are summarized in table 2. The duration of 
follow-up was longer on average among shift com-
pared to day work employees; the “lost-to-follow-up” 
percentages were low in both cohorts. Due to the 
extensive examination program, nearly 95% of shift 
work employees had at least one occupational medi-
cal examination between 1991 and entry to the study 
whereas only 70% of day work employees had one or 
more examinations prior to the entry date. Shift work 
employees participated in twice as many examina-
tions per work year as day work employees during the  
follow-up period. 

Prevalence rates for selected disease categories 
on entry to the study were determined for individuals 
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with one or more prior occupational health examina-
tions (table 3). For several categories, the disease 
prevalence was higher among shift work employees, 
most notably, for obesity and chronic obstructive 
pulmonary disease (COPD). For cancer, epilepsy, and 
ischemic heart disease, prevalence rates were signifi-
cantly lower among shift work employees. 

The incidence of new diagnoses within the cor-
responding disease categories is summarized in ta-
ble 4. Individuals with prevalent cases of category- 

specific diseases on entry to the study were exclud-
ed from the respective analyses. Disease-specific 
risk ratios for shift relative to day work employees, 
as provided in the table, were estimated in multi-
variate models as previously described. Elevated 
risk ratios were observed for obesity; diabetes; 
hypertensive diseases; conductive heart disorders; 
COPD; diseases of the esophagus, stomach, and 
duodenum; and diseases of the gallbladder, biliary 
tract, and pancreas. 

Table 2. Vital status follow-up and medical examination history by shift status. 

	 Rotating shift (N=14 128)	 Day work (N=17 218)

		  N	 %	 Mean	 SD	 N	 %	 Mean	 SD

Vital status 								      

	  Known alive	 13 702	 97.0	 ··	 ··	 16 703	 97.0	 ··	 ··
	  Deceased	  414	 2.9	 ··	 ··	  463	 2.7	 ··	 ··
	  Lost-to-follow-up	  12	 0.1	 ··	 ··	  52	 0.3	 ··	 ··

Years of follow-up	 ··	 ··	 9.94	 2.00	 ··	 ··	 9.54	 2.20

Medical examinations								      

	  ≥1 examinations prior to entry	 13 393	 94.8	 ··	 ··	 12 028	 69.9	 ··	 ··
	  ≥1 examinations after entry	 13 410	 94.9	 ··	 ··	 12 957	 75.3	 ··	 ··
	  ≥1 examinations prior to and after entry	 12 742	 90.2	 ··	 ··	 9 382	 54.5	 ··	 ··
	  Total examinations after entry	 118 811	 ··	 ··	 ··	 69 318	 ··	 ··	 ··
	  Total examinations per work year after entry	 0.98	 ··	 ··	 ··	 0.50	 ··	 ··	 ··

Table 1. Selected baseline characteristics of rotating shift and day work cohorts. 

	 Rotating shift (N=14 128)	 Day work (N=17 218)

	 N	 %	 Mean	 SD	 N	 %	 Mean	 SD

Age at entry (years)	 ··	 ··	 38.0	 10.6	 ··	 ··	 38.1	 10.8

Start year	 ··	 ··	 1996.9	 1.8	 ··	 ··	 1997.3	 2.0

Job level at entry (wage), 1995–								      

	 Manual work	 12 146	 86.0	 ··	 ··	 8 222	 47.8	 ··	 ··
	 Skilled/supervisory work	  1 982	 14.0	 ··	 ··	 8 996	 52.2	 ··	 ··

Type of work								      

	 Production	 12 168	 86.1	 ··	 ··	 1 740 	 10.1	 ··	 ··
	 Maintenance	  684	 4.8	 ··	 ··	 6 609	 38.4	 ··	 ··
	 Other	  1 276	 9.0	 ··	 ··	 8 869	 51.5	 ··	 ··

Cigarette smoking 								      

	 Current smoker	 6 018	 42.8	 ··	 ··	 4 660 	 30.7	 ··	 ··
	 Former smoker	 5 047	 35.9	 ··	 ··	 4 703	 30.9	 ··	 ··
	 Never smoker	 2 991	 21.3	 ··	 ··	 5 842	 38.4	 ··	 ··
	 Not available	 72	 ·	 ··	 ··	 2 013 	 ·	 ··	 ··

Alcohol intake (average drinks per week) 								      

	 0 	 4 575	 32.7	 ··	 ··	 3 983	 28.4	 ··	 ··
	 1–2 	 4 840	 34.6	 ··	 ··	 5 173	 36.8	 ··	 ··
	 3–6	 3 250	 23.2	 ··	 ··	 3 186	 22.7	 ··	 ··
	 7–13 	 1 115	 8.0	 ··	 ··	 1 381	 9.8	 ··	 ··
	 ≥14 	  220	 1.6	 ··	 ··	  317	 2.3	 ··	 ··
	 Not available	 128	 ·	 ··	 ··	 3 178	 ·	 ··	 ··

Health seminar days, 1986–2005								      

	 Total health seminar days	 172 229	 ··	 ··	 ··	 143 695	 ··	 ··	 ··
	 Seminar days per work year prior to entry	 0.76	 ··	 ··	 ··	 0.61	 ··	 ··	 ··
	 Seminar days per work year after entry	 0.68	 ··	 ··	 ··	 0.31	 ··	 ··	 ··
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Mortality comparisons between shift and day work 
employees are summarized in table 5 by age group, 
job level, and interval since entry to the study. The 
corresponding standardized mortality ratios were 
consistently lower for shift than day work employees 
assigned to manual work, but were higher for shift 
work compared to day work employees among men 
assigned to skilled or supervisory jobs at entry. Inter-
nal mortality comparisons between shift and day work 
employees (table 6) yielded similar results to the com-
parisons of standardized mortality ratios in that rela-
tive risks were lower for shift compared to day work 
employees, but not significantly lower. The simplest 
model (model 1), that included only age on entry to 
the study and manual versus skilled/supervisory work, 
yielded a relative risk of 0.95 for shift work and a sig-
nificantly elevated relative risk for performing manual 
work of 1.35. Inclusion of cigarette smoking as a 
co-factor (model 2) marginally decreased the relative 
risk ratios for both shift work and manual labor. These 
decreases reflect the higher rate of cigarette smoking 
in these subgroups of employees. 

In model 3, alcohol intake was added as an ad-
ditional co-factor. In this model, alcohol intake was a 
significant independent predictor of mortality; how-
ever, the relative risk associated with shift work was 
essentially unchanged. In model 4, we examined the 
impact of prevalent conditions at entry for each of the 
disease categories listed in table 3. Categories were 
included only if they were determined to be signifi-
cant explanatory factors in assessing the relative risk 
of death. A forward-stepwise model was constructed 
forcing in shift work status at the first step and includ-
ing all other significant co-factors. In table 6, the final 
model is shown. The highest relative risk of death was 
found for a prior diagnosis of cancer. Significant inde-
pendent contributions were found for eight other dis-
ease categories and age on entry to the study; cigarette 
smoking and alcohol intake remained independent 
explanatory factors. Although the relative risk for shift 
work status increased somewhat, it remained below 
1.0. The finding of “no difference in mortality risks” 
relative to shift versus day work was consistent across 
all models examined. In the full model, performing 
manual work was no longer a significant explanatory 
factor in assessing mortality risk. 

Discussion

Our findings pertain to shift work employees who 
have been given the opportunity to participate in 
a health protection program aimed at reducing the 
potential adverse health consequences of shift work. 

Table 3. Category-specific prevalence risk ratios of rotating shift 
workers compared to day workers at entry to follow-up. (RR = 
relative risk, 95% CI = 95% confidence interval)

Disease category a	 Number with	 Rotating shift 
	 outcome at entry	 risk ratio

	 Rotating	 Day	 RR b	 95% CI 
	 shift	 work

Employees with medical  
examinations prior to entry	 13 393	12 028	 –	 –

Cancer (C00-C43, C45-C99) 	  57 	  111	 0.41	 0.29–0.58

Diabetes mellitus (E10-E14)	  356 	  223	 1.16	 0.96–1.41

Obesity (E65-E66)	 2 665	 1 656	 1.41	 1.31–1.52

Epilepsy (G40-G41)	  27	  37	 0.45	 0.27–0.76

Hypertensive diseases (I10-I14)	 1 276	 1 099	 1.06	 0.96–1.17

Ischemic heart disease (I20-I25)	  145	  145	 0.74	 0.57–0.96

Conductive heart disorders (I44-I49)	  245	  210	 0.86	 0.70–1.05

Cerebral vascular disease  
(I60-I69, G45)	  44	  47	 0.65	 0.41–1.02

Atherosclerosis (I70-I78)	  57	  45	 0.73	 0.48–1.13

Chronic obstructive pulmonary  
disease (J43-J44)	  228	  125	 1.38	 1.08–1.77

Asthma (J45)	  245	  171	 1.16	 0.93–1.43

Diseases of esophagus, stomach,  
duodenum (K20-K31)	  540	  321	 1.10	 0.95–1.28

Diseases of the liver (K70-K75, K77)	  303	  254	 0.90	 0.75–1.09

Diseases of gallbladder, biliary tract,  
pancreas (K80-K86)	  123	  85	 1.08	 0.79–1.47

a The code of International Classification of Diseases, 7th revision, is shown 
in parentheses.

b Based on logistic regression analysis controlling for age, job level,  
cigarette smoking, and alcohol intake. 

During an 11-year observation period, employees 
in the shift work cohort took part in twice as many 
occupational medical examinations and health semi-
nar days per work year, as day work employees. A key 
finding of our study was the marginally lower risk of 
premature death among shift compared to day work 
wage employees. This finding was robust with respect 
to adjustment for explanatory factors beyond age and 
job level, including cigarette smoking, alcohol intake, 
and prior health status relative to selected chronic 
disease conditions.

Both initial and ongoing selection into shift or 
day work may have had notable impacts on morbid-
ity outcomes and subsequent mortality risks. From a 
historical perspective, employees with more severe 
health conditions were precluded or at least discour-
aged from entering shift work. Consideration of an 
employee’s fitness for duty probably explains the defi-
cits in the prevalence of cancer, epilepsy, and ischemic 
heart disease on date of entry to the study among shift 
work employees. It was unexpected that the report-
ing of new cancer, epilepsy, and cerebral vascular 
disease diagnoses after entry to the study continued 
to be lower among shift work employees. However, 
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in body mass index (BMI) among shift compared to 
day work employees. However, in a very large study 
(25), the difference in the percent of shift compared to 
day employees with BMI ≥30 kg/m2 was greater in 30-
year-olds than older men, suggesting that the BMI dif-
ferences might predate the decision to enter shift work. 
Our finding regarding pre-study entry obesity could be 

Table 5. Observed and expected deaths among rotating and day shift employees by age group and interval since entry. (SMR = standard-
ized mortality ratio, 95% CI = 95% confidence interval)

Job level	 Rotating shift employees	 Day shift employees

	 Observed	 Expected	 SMR	 95% CI	 Observed	 Expected	 SMR	 95% CI 
	 deaths a (N)	 deaths a (N)			   deaths a (N)	 deaths a (N)

Manual work (age group)

	 15–44 years of age	 54	 102.7	 0.53	 0.40–0.69	  45	 67.8	 0.66	 0.48–0.89
	 45–54 years of age	 74	 127.5	 0.58	 0.46–0.73	  57 	 75.5	 0.75	 0.57–0.98
	 ≥55 years of age	 212	 265.0	 0.80	 0.70–0.92	 112	 122.7	 0.91	 0.75–1.10

	 Total	 340	 495.3	 0.69	 0.62–0.76	 214	 266.0	 0.80	 0.70–0.92

	 <10 years since entry	 257	 395.6	 0.65	 0.57–0.73	 181	 225.0	 0.80	 0.69–0.92
	 ≥10 years since entry	 82	 99.7	 0.82	 0.65–1.02	  33 	 41.0	 0.80	 0.55–1.13

Skilled and supervisory (age group)

	 15–44 years of age	 10 	 15.6	 0.64	 0.31–1.18	  33 	 69.3	 0.48	 0.33–0.67
	 45–54 years of age	 15 	 29.0	 0.52	 0.29–0.85	  56	 114.7	 0.49	 0.37–0.63
	 ≥55 years of age	 49	 69.5	 0.71	 0.52–0.93	 160	 267.9	 0.60	 0.51–0.70

	 Total	 74	 114.1	 0.65	 0.51–0.81	 249	 451.9	 0.55	 0.48–0.62

	 <10 years since entry	 57	 90.8	 0.63	 0.48–0.81	 186	 367.9	 0.51	 0.44–0.58
	 ≥10 years since entry	 17	 23.2	 0.73	 0.43–1.17	  63 	 84.0	 0.75	 0.58–0.96

a Based on 5-year age- and calendar period-specific mortality rates for total German male population, 1995–2006. 

it is possible that there may have been late reporting 
of earlier diagnoses in these categories among day 
workers given their less frequent examinations. 

Several conditions, namely obesity and COPD, 
were more prevalent among shift work employees on 
entry to the follow-up. Both cross-sectional (23–24) 
and longitudinal (8,10) studies have reported increases 

Table 4. Category-specific illness incidence rates per 1000 person years at risk among shift and day work employees (1996–2006). 
(95% CI = 95% confidence interval)

Disease category a 	 Rotating shift	 Day work	 Shift employees

	 N	 Person-	 Rate b	 N	 Person-	 Rate b	 Adjusted	 95% CI 
		  years			   years		  hazard ratio c

Cancer (C00-C43, C45-C99) 	 200	 96 884	 2.06	 175	 65 479	 2.67	 0.76	 0.60–0.96
Diabetes mellitus (E10-E14)	 671	 94 956	 7.06	 296	 65 021	 4.55	 1.33	 1.14–1.55
Obesity (E65-E66)	 1710	 73 975	 23.11	 721	 49 525	 14.55	 1.39	 1.26–1.53
Epilepsy (G40-G41)	 29	 97 396	 0.29	 22	 66 069	 0.33	 0.49	 0.27–0.89
Hypertensive diseases (I10-I14)	 1946	 87 068	 22.35	 1143	 57 447	 19.89	 1.09	 1.00–1.18
Ischemic heart disease (I20-I25)	 306	 96 650	 3.16	 187	 65 557	 2.85	 1.04	 0.84–1.27
Conductive heart disorders (I44-I49)	 440	 95 426	 4.61	 206	 64 980	 3.17	 1.25	 1.04–1.51
Cerebral vascular disease (I60-I69, G45)	 123	 97 329	 1.26	 96	 66 023	 1.45	 0.71	 0.53–0.96
Atherosclerosis (I70-I78)	 91	 97 367	 0.93	 52	 66 055	 0.78	 0.94	 0.64–1.38
Chronic obstructive pulmonary disease (J43-J44)	 361	 95 694	 3.77	 129	 65 401	 1.97	 1.38	 1.11–1.72
Asthma (J45)	 281	 95 394	 2.94	 166	 64 939	 2.55	 0.91	 0.74–1.13
Diseases of esophagus, stomach, duodenum (K20-K31)	 425	 93 333	 4.55	 193	 64 046	 3.01	 1.22	 1.01–1.48
Diseases of the liver (K70-K75, K77)	 190	 95 358	 1.99	 119	 64 716	 1.83	 0.76	 0.59–0.98
Diseases of gallbladder, biliary tract, pancreas (K80-K86)	 158	 96 637	 1.63	 71	 65 673	 1.08	 1.37	 1.00–1.87

a The code of International Classification of Diseases, 7th revision, is shown in parentheses.
b Crude incidence rate per 1000 person years at risk.
c Based on Cox proportional hazards model including age at entry, job level, cigarette smoking, alcohol intake, obesity, and interval between last examination 

prior to the start of the risk period and the risk period start date as covariates, as appropriate, and with stratification by mean interval between examina-
tions after the start of the risk period.
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related to predisposing factors not assessed in the study 
or to prior exposure to shift work. The latter possibility 
could not be tested due to the lack of reliable data on 
shift status before 1995. However, we also observed 
an increase in obesity diagnoses during the incidence 
phase of the study. We will further investigate this 
finding using quantitative analysis of weight gains as 
there are plausible arguments supporting a connection 
between shift work and weight gain (9).

The increased occurrences of COPD among shift 
work employees at the start of the follow-up and in 
subsequent incidence rates could be partly due to 
a lack of specificity in our analyses regarding the 
number of cigarettes smoked per day. In a 1996 Heli-
cobacter pylori intervention study (15) that included 
over 4600 participants from the present study, we 
found that shift work employees smoked more heav-
ily than their corresponding day employees. Thus, 
cigarette smoking could be both more prevalent (and 
involve a greater daily intake of cigarettes) among 
shift compared to day work employees, but prevalence 
data were available only for our current analyses. It is 
possible that shift work leads to increased smoking; 
however, it has been reported that future shift workers 
were more likely to have smoked cigarettes prior to 
entering shift work than future day workers (26). Ad-
ditionally, stratification by examination frequency in 
the incidence rate analyses adjusts for differences in 

examination rates, but only indirectly for differences 
in diagnostic measures during the individual medical 
examinations. Given a more intense medical surveil-
lance program for shift work employees (both in terms 
of frequency and comprehensiveness of the examina-
tions), it is again possible that differential knowledge 
of disease status could arise relative to diagnosis of 
chronic COPD. Thus, it is most likely that factors 
other than shift work per se account for the differences 
in COPD incidence rates between shift and day work 
employees.

A relative increase in the incidence of diabetes 
mellitus was also observed among shift compared 
to day work employees, even after adjustment for 
the presence of obesity on entry to the follow-up. 
Diabetes has been linked to shift work in several 
prior studies (4–5, 27). The relative risks reported in 
these studies were close to our own findings. Further 
efforts may be needed to develop appropriate dietary 
guidance for employees in shift work as weight gain 
has been associated with shift work and, in a cross-
sectional study, total nutrient intake was increased in 
employees performing night shifts (9).

For hypertensive diseases and conductive heart 
disorders, there were also marginally increased risk 
ratios for shift compared to day work employees. 
Again, there is some external evidence supporting 
an increased risk of hypertensive disease (2, 28) 

Table 6. Relative risk (RR) of death in shift workers compared to day work employees in models including different co-factors. (95% CI 
= 95% confidence interval)

Model	 Deaths (N)	 Persons (N)	 Shift work	 Co-factors in model

			   RR	 95% CI	 Variable	 RR	 P-value 
							       (2-sided)

1	 877	 31 346	 0.95 	 0.82–1.10	 Age at entry	 1.11	 <0.0001
					     Manual work	 1.35	 0.0001

2	 787	 29 261 a	 0.88	 0.75–1.03	 Age at entry	 1.11	 <0.0001
					     Manual work	 1.24	 0.0112
					     Cigarette smoking	 1.73	 <0.0001

3	 748	 27 967 a	 0.88	 0.75–1.03	 Age at entry	 1.11	 <0.0001
					     Manual work	 1.25	 0.0099
					     Cigarette smoking	 1.70	 <0.0001
					     Alcohol intake	 1.13	 0.0002

4	 689	 24 545 a	 0.91	 0.77–1.07	 Age at entry	 1.09	 <0.0001
					     Manual work	 1.13	 0.1771
					     Cigarette smoking	 1.64	 <0.0001
					     Alcohol intake	 1.10	 0.0054
					     Cancer less non-melanoma skin	 4.68	 <0.0001
					     Epilepsy	 2.98	 0.0042
					     Cerebral vascular disease	 2.60	 <0.0001
					     Diseases of the liver	 2.54	 <0.0001
					     Diabetes mellitus	 2.19	 <0.0001
					     Ischemic heart disease	 1.85	 0.0003
					     Chronic obstructive pulmonary disease	 1.66	 0.0068
					     Conductive heart disorders	 1.64	 0.0043
					     Hypertensive diseases	 1.32	 0.0041

a Decreased numbers due to missing smoking or alcohol intake data, or lack of a medical examination prior to entry date.
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and conductive heart disorders via an increase in the 
frequency of premature ventricular complexes found 
in a one-year follow-up study of 49 shift and 22 day 
workers (29). In our data, premature ventricular de-
polarization represented only 29 and 28% of the di-
agnoses in the conductive heart disease category for 
shift and day work employees, respectively. Thus, 
within this category, there was no propensity for this 
diagnosis to be differentially distributed among shift 
compared to day work employees.

Two subcategories of digestive system disorders 
were also at least marginally elevated among shift 
work employees. The most frequent diagnoses in 
the K20-K31 category were gastritis and duodenitis 
(32%), gastro-esophageal reflux disease (31%) and 
gastric or duodenal ulcer (26%). The distribution of 
specific diagnoses within the overall category, how-
ever, did not differ among shift compared to day work 
employees. Similarly, there was no differential distri-
bution of specific diagnoses by type of shift within the 
K80-K86 category; the most frequent diagnoses being 
cholelithiasis (62%) and other diseases of the pancreas 
(26%). A higher prevalence of gastric and duodenal 
ulcers has been reported among shift compared to 
day work employees in several studies (30–31). In 
our Helicobacter pylori initiative, shift work was not 
associated with a higher ulcer or non-ulcer dyspepsia 
prevalence, although it was associated with positive 
Helicobacter pylori serology (15). Taking part in the 
Helicobacter pylori initiative was a significant predic-
tor of subsequent K20-K31 diagnoses, but inclusion 
of this factor in our incidence analysis for the present 
study did not diminish the elevated risk ratio for shift 
work in the category.

The increased detection of obesity, diabetes, and 
diseases of the circulatory and digestive system in 
this study among rotating shift compared to day work 
employees is in general agreement with findings from 
prior studies (2, 4–5, 8–10, 27–28, 30–31). Counter-
intuitively, however, this did not result in increased 
premature mortality in our shift work employees. This 
“lack of effect” may well be due to a combination of 
factors related both to the health protection program 
and the nature of the rotating shift systems employed 
at this work site. The enhanced medical surveillance 
may have resulted in earlier detection and treatment 
of health problems known to be linked to shift work, 
resulting in a better long-term outcome. Addition-
ally, the fast forward-rotating 12-hour shift system 
with shift changes at 06.00 and 18.00 hours may be 
important. For example, we have previously shown a 
reduction in commuting accidents and deaths associ-
ated with this system compared with the experience of 
day work employees (18). It may also be that the type 
of shift system in use at this work site is less prone 

to cause internal desynchronization between different 
circadian rhythms, compared to slow or even back-
wards rotating shift patterns. Such “chronodisruption” 
has been suggested as the underlying cause for various 
adverse health effects associated with shift work (32–
34). Because the shift system analyzed in this study 
is not representative of all industries, our results may 
not be easily extrapolated to other populations of shift 
workers and cannot serve to dismiss concerns about 
the health hazards of shift work in general. Further-
more, this long-standing health surveillance program 
targeting shift work employees may not be typical of 
the programs provided in other work settings. 

A major aim of the BASF Medical Department 
has been to provide comprehensive and cost-effective 
approaches to improving overall employee health 
while addressing specific occupational health and 
safety issues such as those related to shift work. This 
strategy combines preventive health examinations, 
health promotion activities, and the provision of 24-
hour on-site emergency medical services. As resources 
permit, the Medical Department also undertakes other 
disease prevention programs such as the Helicobacter 
pylori initiative mentioned earlier (15), and weight re-
duction and diabetes prevention programs (16–17).

There are indications of an important synergy 
among the various programs. We have found, for 
example, that participants in the health seminar 
programs were also more likely to participate in 
the Helicobacter pylori initiative. Health seminar 
attendees, who participated prior to the start of the 
study risk period, were also more likely to participate 
again in the program at a later date. Furthermore, 
prior participation in the seminar program is itself 
associated with both increased detection of chronic 
disease conditions and substantially decreased mor-
tality risks independent of shift work status (data 
not shown). 

Taken as a whole, a program combining occupa-
tional medical examinations, health seminars, and 
other intervention programs can be beneficial in miti-
gating the long-term health consequences of (i) shift 
work and (ii) an anticipated aging of the workforce, 
the latter being linked to shifts in general population 
demographics and societal adjustment of policies 
regarding retirement age.
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