 Job stress and post-retirement health in the Hertfordshire cohort study
Abstract
Background:  Job demand-control (DC) and effort-reward-imbalance (ERI) are two commonly-used measures of work stress which are independently associated with health. 
Aims: To test the hypothesis that DC and ERI have different and cumulative effects on health.

Methods:  DC and ERI were assessed in the Hertfordshire Cohort Study. The characteristics and occupations of men and women reporting either or both work stresses were compared and the interaction of these with health status were explored.
Results: Complete data were available for 1,021 men and 753 women, reporting on their most recent or current job. 647 (63%) men and 444 (59%) women reported neither work stress whilst 103 (10%) men and 78 (10%) women reported both. Patterns of ERI and DC, alone and in combination, were different by type of occupation and by gender. Men reporting both work stresses (as compared with neither) were more likely to be single. Reported ERI with DC in the most recent or current job was associated with: poorer SF-36 physical function scores (OR 2.3 [95%CI 1.5-3.7] for men; OR 2.0 [95%CI 1.2-3.6] for women) and mental health scores (OR 2.8 [95%CI 1.8-4.4] for men; OR 3.1 [95%CI 1.8-5.3] for women). Moreover, average grip strength was 1.7kg (95%CI 0.2-3.3) lower among men who described both work stresses.
Conclusion:  DC and ERI are two models of the psychosocial workplace environment which offer different but cumulative insight into the impacts of work on an individual’s psychological and physical health, particularly in a population sample.
Key words: Occupation; demand-control; effort-reward imbalance; psychosocial workplace stressors

Introduction
Adverse psychosocial work conditions have been associated with impaired employee health cross-sectionally (1) and longitudinally (2,3). Occupational health researchers have tried to gain insight into the relationship between work stresses and employee health through conceptual frameworks. Two such frameworks which are commonly applied in research include Karasek’s job demand-control (DC) model (4) and Siegrist and colleagues’ effort-reward imbalance (ERI) model (5). The key principle behind the Karasek DC model is that control over the way an individual works might buffer the impact of job demands on occupational stress. Control over work is assessed by combining the answers to a series of questions about whether workers are able to choose or change the order of their tasks, their methods of work and their speed or rate of work, whether they have a say in the choice of their working partners and whether they can take a break when they wish. A composite indicator for the level of work demands (physical and psychological) is constructed by combining answers to questions that ask to what extent respondents have to work to tight deadlines and at high speed. Karasek and colleagues defined high DC  as the adverse consequence which occurs in situations where high levels of perceived demand are not being matched by high levels of perceived control. It has been shown that DC is associated with a range of adverse impacts on: health, motivation and productivity (6,7,8). 
Siegrist and colleagues focussed on the perceived reward, rather than the control structure, of work. Their theoretical model is based on the principle of social reciprocity, which implies mutual cooperative investments based on the norm of return expectancy where efforts are equalized by respective rewards. The model of effort-reward imbalance (ERI) claims that failed reciprocity in terms of high effort and low reward received is likely to elicit recurrent negative emotions and sustained stress responses in exposed people (9). Conversely, positive emotions evoked by appropriate social rewards promote well-being and health. Work effort is assessed by combining responses to questions about, for example, responsibility, interruptions, pressure to work overtime, changes in work situation. Perceived reward is calculated from responses to questions about the worker’s perceptions of: promotion prospects; job security; respect and prestige in the workplace.   Although originally developed to study the relation between stress at work and cardiovascular disease, there is a growing body of literature showing that ERI is also associated with poorer subjective health status and common mental health conditions (9).
Although both models are associated with health outcomes, these two models have conceptually different origins and capture different domains of work stress. Therefore, it has recently been suggested that it would be worth studying the relative contribution of each model to wellbeing and health, in view of their differences and complementary aspects (10,11). The results of some, but not all (12), studies suggest that the combined effects of DC with ERI better predict poor health outcomes than each model separately (13,14,15,16,17). It is also recognised that the impact on a given health outcome may differ by occupation. For example, the results of one study suggested that DC appeared to have a larger impact on the risk of cardiovascular disease among blue-collar than white-collar workers (18). However, to date few studies have sampled ERI and DC amongst workers from different types of employment.

Therefore, this study explored the epidemiology and associations of ERI and DC within a cohort of adults at retirement age. We evaluated the overlap of ERI with DC among people doing different types of work and explored the characteristics of those with either or both work stress characteristics. Additionally, we explored the associations between high levels of DC or ERI, or both, with markers of health and wellbeing in this age group.

Methods  
The Hertfordshire Cohort Study (HCS) has previously been described in detail elsewhere (19). In brief, the cohort comprises 1579 men and 1418 women born in Hertfordshire between 1931 and 1939 and who still lived there in 1998 to 2004. The study participants completed a nurse administered home interview during which the following characteristics were ascertained (see appendix 1 for details): marital status; own current or most recent full time occupation and husband’s current or most recent full time occupation for ever-married women; alcohol consumption; smoking status; age left full-time education; housing tenure; self-assessed health related quality of life using the short-form 36 (SF-36) questionnaire; medical history (including: stroke/transient ischaemic attack, or diabetes (out of pregnancy);  typical angina (Rose chest pain questionnaire); history of coronary artery bypass graft or angioplasty; and details of all currently prescribed or over the counter medications, (coded to the British National Formulary). Participants subsequently attended a research clinic (see appendix 1 for details) at which height, weight, hand grip strength, and resting blood pressure were measured. A 2 hour fasting oral glucose tolerance test (OGTT) was performed using 75g anhydrous glucose and a standard 12-lead electrocardiogram was conducted. 1,021 men and 753 women completed a social health questionnaire which detailed employment related demand-control (20) and effort-reward imbalance (21) in the same manner as in the Whitehall II study (22-23), based upon their current or last held occupation.
Registrar General’s social class was coded from the 1990 OPCS Standard Occupational Classification (SOC90) unit group for occupation using computer assisted standard occupational coding (24).
The study had ethical approval from the East and North Hertfordshire NHS Research Ethics Committees and all participants gave written informed consent. 

Participant characteristics were summarised using means and standard deviations or frequency and percentage distributions. Job demand and job control scores for current or most recent occupation were dichotomised on a sex-specific basis at their median values (which were: 58.3 and 50.0 years for men and women respectively for job demand score, and 71.3 and 57.4 years for job control score); these binary variables were cross-tabulated and study participants with high demand and low control scores were classified as reporting DC. The same method was used to identify study participants with ‘effort-reward imbalance’ (ERI) according to their job effort and reward scores (median values were: 18.8 and 12.5 for men and women respectively for job effort score, and 95.0 and 96.9 for job reward score).  Finally, our principal four-level categorical exposure variable was coded by combining the DC and ERI variables as follows: ‘neither DC nor ERI’; ‘DC and ERI’; ‘DC only’ and ‘ERI only’. Study participants who reported ‘neither DC nor ERI’ were used as the reference group in all analyses. 
Participant characteristics were described according to categories of DC/ERI and differences between groups were tested with Chi-squared tests or one-way analysis of variance as appropriate. Associations between DC/ERI and health outcomes were analysed using logistic regression (for binary outcomes). The normally distributed continuous variable, grip strength, was analysed as the estimated average difference in grip strength in the exposure category of interest in comparison with the nominated baseline group, calculated by multiple linear regression. Analyses were conducted with and without adjustment for the following potential confounders: age; age left full-time education; and SF-36 physical function or mental health scores. Subsequently, the same analyses were repeated with mutual adjustment to explore any amplification effects and whether there was a dominant effect from one stress. We also described DC/ERI according to commonly reported occupational groups. Analyses were conducted using Stata (release 14.2, Statacorp, College Station, Texas, USA) and men and women were analysed separately throughout.  

Results   
Table 1 describes participant characteristics according to categories of DC and ERI for the 1021 men and 753 women.  647 (63%) men and 444 (59%) women reported neither DC nor ERI in their current or most recent occupation; 103 (10%) men and 78 (10%) women reported both DC and ERI (Table 1). 658 (64%) men and 615 (82%) women reported that they had stopped work; the median (interquartile range [IQR]) number of years since stopping work was 4.6 (2.3,7.7) for men and 6.8 (3.8,11.5) for women. 
Univariate analyses identified some differences in participant characteristics according to DC and ERI (table 1). Men who reported DC and ERI were more likely to be single than their counterparts who reported neither. Men who reported ERI without DC were more likely to be of non-manual social class (I-IIINM), and were less likely to have left full-time education early (i.e. aged 14 years or younger), than men in other DC/ERI groups.  There were no substantial differences in the participant characteristics included in table 1 according to DC/ERI among women. 
Figure 1 shows the distribution of DC and ERI in the most commonly reported occupational groups for men and women separately. Among men, ERI without DC was reported most frequently by managers and administrators, production managers in manufacturing, and specialist managers; DC in combination with ERI was reported relatively most frequently among machine and plant operatives and those employed in woodworking trades.  Among women, DC (with or without ERI) was relatively more common among those who worked in health and related occupations or who were machine and plant operatives; ERI without DC was reported most frequently by women who were teaching professionals. 
Table 2 details the prevalence of health conditions and measures of health status obtained from the SF-36 by gender for the study participants, as well as the mean grip strength and absolute scores for each of the component parts of the work stress measures (effort and reward scores, demand and decision latitude scores).
Table 3 describes the associations between DC and ERI and  health status. We found no significant associations between DC/ERI and cardiovascular morbidity (stroke, ischaemic heart disease, hypertension) or type II diabetes among men or women. However, the odds of having poor SF-36 physical function scores were elevated among men and women who reported both DC and ERI in contrast with those who reported neither of these work stresses (OR 2.3 [95%CI 1.5,3.7] for men; OR 2.0 [95%CI 1.2-3.6] for women). The same pattern was evident for poor SF-36 mental health scores (OR 2.8 [95%CI 1.8-4.4] for men; OR 3.1 [95%CI 1.8-5.3] for women). In addition, average grip strength was 1.7kg (95%CI 0.2-3.3) lower among men who reported DC and ERI in contrast with those who reported neither DC or ERI. These results were unaltered by adjustment for age, age left full time education, marital status, and self-reported SF-36 mental or physical health score. 
Men and women who reported ERI in the absence of DC had increased odds of poor SF-36 mental health scores in contrast with those who reported neither DC or ERI, although adjustment for age, age left full-time education, and physical function score attenuated the association among women. In addition, women who reported ERI without DC had increased odds of having poor physical function scores, and women who reported DC without ERI had increased odds of having poor mental health scores, in contrast with their counterparts who reported neither psychosocial occupational exposure (table 3). 
These analyses were repeated with mutual adjustment (Table 4, Appendix 2). We found that the overall results were unaltered. Once again, exposure to both work stresses was associated with poor physical function, poorer mental health and lower grip strength and the cardiovascular morbidities and diabetes mellitus were not significantly associated.

Discussion
In this general population sample of retirement-age adults, we explored the frequency of occurrence of ERI and DC, and their associations with health measures among men and women in different occupations. We found that 10% of men and women reported both work stresses in their current or most recent occupation and that co-occurrence of both stresses was associated with poorer SF-36 physical function scores and mental health scores in comparison with individuals reporting neither job stress. Moreover, average grip strength was 1.7kg lower among men with DC and ERI as compared with men reporting neither job stress. 
Our study had several limitations. Firstly, data on DC and ERI were only available for 1,021 men and 753 women rather than the full HCS baseline sample of 3,000 participants; this reduced sample size arose because the social health questionnaire was phased out during later stages of the fieldwork to allow time for detailed ascertainment of customary physical activity via a lengthy nurse-administered questionnaire. Secondly, 64% of the men and 82% of the women who participated in HCS reported that they no longer worked and were therefore recalling job stresses for their most recent job; recall bias could have affected our results if study participants who had experienced adverse health outcomes and poor wellbeing answered the questions about their work systematically differently. Whilst differential recall could arise by recent SF-36 mental health and physical function, such bias cannot explain associations with objective measurements of grip strength. Thirdly, overall levels of DC and ERI were low in this cohort.  This is perhaps because participants were failing to recall adverse circumstances experienced in a previous job or perhaps that the respondents’ answers about their work after stopping reflect more global aspects of their current well-being, e.g. concerns over money or living conditions and less accurately assess past work stress.  It is also possible that perceptions about work-related distress had faded over time since retirement. It is also conceivable that the ‘most recent’ job which many participants were thinking about when responding to the questionnaire was not particularly stressful perhaps because it was a “bridge” job (one that is part-time or less demanding undertaken at the end of a career). These relatively low levels of work stress may explain the lack of associations found in the current study with cardio-metabolic outcomes. Certainly, the results in Tables 3 and 4 show some (non-significant) trends towards increased associations in men between stroke and hypertension with both work stresses and diabetes and IHD with DC, consistent with the findings of other researchers. Despite this, it is perhaps more important that we found associations with grip strength and physical and mental function.  Our results require replication in a study which more fully characterises accumulated job-strain and effort-reward imbalance longitudinally across an individual’s lifetime occupational history.  
Other researchers have suggested a differential association of DC and ERI with health outcomes but we found few studies that have attempted to explore the pattern of DC and ERI within common occupational groups in a population sample. Patterns differed between genders and by occupation. For example, no female managers/proprietors reported ERI without DC but this was a frequent finding among male managers/administrators. Among female teaching professionals, we found high levels of ERI without DC. It is noteworthy that the DC model was developed in the 1960-70s industrial economy when many more jobs were in manufacturing whilst the ERI model might reflect stressors in a service sector economy. The current study includes people born in the 1930s who were providing their responses at retirement age but their careers may have included a variety of different jobs and the questionnaire only allowed us to assess their reported levels of job stress in their last or current job. Given the complexity of these concepts and the extent to which they are personality driven, it is perhaps not surprising that adults with different levels of educational attainment and different types of work perceive and report these stresses differently. Therefore, two workers doing seemingly identical work might report (and experience) very different levels of stress with lasting health consequences. This highlights a challenge for employers and public health physicians as these stressors will not be a ’fixed’ construct associated with specific occupations in the same way that physical work exposures may be characterised. From the point of view of prevention, job stress provides a significantly greater challenge.
Our results accord with the view that DC and ERI are two different models of the psychosocial workplace environment which offer different but complementary insight into the impacts of work on an individual’s psychological and physical health (10,11). Our finding that 10% of this age group report both DC and ERI and that the individuals reporting both factors have a doubled risk of poorer physical function and as much as trebled risk of poor mental health is important and could have major implications for sickness absence and health-related job loss. Grip strength is an excellent marker of muscle strength and it has been shown that weaker grip strength predicts adverse health outcomes including hospital admissions, falls, fractures and higher rates of mortality (27). The finding of a significant reduction in grip strength among men of retirement age reporting both ERI and DC implies an important impact of these stressors on muscle strength and function and therefore, on physical health and longevity at older ages. 
In conclusion, DC and ERI provide two frameworks for understanding workplace psychosocial effects but which are complementary, and provide different information. In the HCS, older people who report both adverse profiles report poorer subjective physical and mental health status according to SF-36 scales but also show objective evidence of poorer health and physical function as measured by grip strength. We recommend that researchers consider use of both models in prospective studies in order to better understand potentially modifiable organisational interventions that might enhance health and wellbeing at work and after retirement.
Key points:

· 10% of men and women in this population study reported both ERI and DC in their current or most recent occupation

· Men and women report ERI and DC differently even when doing jobs with similar titles

· Jobs in which employees report both work stressors have greater negative impact on an individual’s subjective health and objective muscle strength than jobs in which one or the other, or neither, are reported.
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Table 1: Characteristics of participants according to DC and effort-reward imbalance

	 
	 
	Men (n=1021)
	 
	Women (n=753)

	n(%)
	n
	Whole sample
	Both ERI/DC
	only DC
	only ERI
	neither
	p
	n
	Whole sample
	Both ERI/DC
	only DC
	only ERI
	neither
	p

	
	
	1021
	103 
	65 
	206 
	647 
	
	 
	753
	78
	83 
	148 
	444 
	

	Age (years, mean[SD])
	1,021
	65.4 (2.9)
	65.0 (2.9)
	65.1 (2.9)
	65.4 (2.7)
	65.5 (2.9)
	NS
	753
	66.1 (2.6)
	65.7 (2.6)
	66.0 (2.5)
	65.9 (2.6)
	66.2 (2.6)
	NS

	BMI (kg/m2)
	
	
	
	
	
	
	
	 
	
	
	
	
	
	

	< 18.5 (Underweight)
	1007
	1 (0)
	-
	-
	-
	1 (0)
	NS
	746
	6 (1)
	-
	1 (1)
	2 (1)
	3 (1)
	NS

	18.5 - 25 (Normal)
	
	295 (29)
	23 (23)
	22 (34)
	61 (30)
	189 (30)
	
	
	246 (33)
	26 (34)
	30 (36)
	42 (29.)
	148 (34)
	

	25 - 30 (Overweight)
	
	504 (50)
	56 (56)
	31 (48)
	97 (48)
	320 (50)
	
	
	303 (41)
	30 (39)
	32 (39)
	67 (46)
	174 (40)
	

	> 30 (Obese)
	
	207 (21)
	22 (22)
	11 (17)
	46 (23)
	128 (20)
	
	
	191 (26)
	21 (27)
	20 (24)
	34 (24)
	116 (26)
	

	Marital status
	
	
	
	
	
	
	
	 
	
	
	
	
	
	

	single 
	1,021
	49 (5)
	9 (9)
	5 (8)
	12 (6)
	23 (4)
	NS
	753
	28 (4)
	6 (8)
	3 (4)
	3 (4)
	12 (3)
	NS

	ever married
	
	972 (95)
	94 (91)
	60 (92)
	194 (94)
	624 (97)
	
	
	725 (96)
	72 (92)
	80 (96)
	141 (95)
	432 (97)
	

	Social class
	
	
	
	
	
	
	
	 
	
	
	
	
	
	

	I-IIINM
	988
	436 (44)
	39 (39)
	19 (30)
	109 (54)
	269 (43)
	<0.01
	753
	325 (43)
	29 (37)
	28 (34)
	68 (46)
	200 (45)
	NS

	IIIM-V
	
	552 (56)
	62 (61)
	45 (70)
	92 (46)
	353 (57)
	
	
	428 (57)
	49 (63)
	55 (66)
	80 (54)
	244 (55)
	

	Alcohol consumption
	
	
	
	
	
	
	
	 
	
	
	
	
	
	

	Non-drinker / V Low
	1021
	148 (15)
	16 (16)
	9 (14)
	31 (15)
	92 (14)
	NS
	753
	322 (43)
	36 (46)
	43 (52)
	57 (39)
	186 (42)
	NS

	Low 
	
	413 (41)
	39 (38)
	32 (49)
	76 (37)
	266 (41)
	
	
	305 (41)
	29 (37)
	25 (30)
	59 (40)
	192 (43)
	

	Moderate
	
	241 (24)
	26 (25)
	11 (17)
	56 (27)
	148 (23)
	
	
	89 (12)
	10 (13)
	11 (13)
	18 (12)
	50 (11)
	

	F High / High 
	
	219 (22)
	22 (21)
	13 (20)
	43 (21)
	141 (22)
	
	
	37 (5)
	3 (4)
	4 (5)
	14 (9)
	16 (4)
	

	Smoking status
	
	
	
	
	
	
	
	 
	
	
	
	
	
	

	Never
	1,021
	353 (35)
	32 (31)
	21 (32)
	78 (38)
	222 (34)
	NS
	752
	449 (60)
	42 (54)
	47 (57)
	86 (58)
	274 (62)
	  NS

	Ex
	
	531 (52)
	62 (60)
	39 (60)
	101 (49)
	329 (51)
	
	
	230 (31)
	31 (40)
	28 (34)
	47 (32)
	124 (28)
	

	Current
	
	137 (13)
	9 (9)
	5 (8)
	27 (13)
	96 (15)
	
	
	73 (10)
	5 (6)
	8 (10)
	15 (10)
	45 (10)
	

	Age left full time education 
	
	
	
	
	
	
	 
	
	
	
	
	
	

	≤14 years
	1,021
	193 (19)
	18 (18)
	13 (20)
	26 (13)
	136 (21)
	NS
	753
	111 (15)
	11 (14)
	17 (21)
	14 (10)
	69 (16)
	NS

	≥15 years
	
	828 (81)
	85 (83)
	52 (80)
	180 (87)
	511 (79)
	
	
	642 (85)
	67 (86)
	66 (80)
	134 (91)
	375 (85)
	

	House ownership
	
	
	
	
	
	
	
	 
	
	
	
	
	
	

	owned/mortgaged
	1,021
	854 (84)
	81 (79)
	59 (91)
	171 (83)
	543 (84)
	NS
	753
	596 (79)
	61 (78)
	59 (71)
	122 (82)
	354 (80)
	NS

	rented/other
	
	167 (16)
	22 (21)
	6 (9)
	35 (17)
	104 (16)
	
	
	157 (21)
	17 (22)
	24 (29)
	26 (18)
	90 (20)
	


Summary statistics are frequencies and percentages unless stated otherwise; SD: standard deviation; NM: non-manual; M: manual; p: p-value; NS: non-significant, p>0.05 

Table 2: Health outcomes and prevalence of health conditions, physical and mental health status and scores for effort/reward and demand and control by gender
	 
	 
	 

	n (%)
	Men (n=1021)
	Women (n=753)

	 
	 
	 

	SF36 physical functioning (PF) score (M=1020; W=753)*
	90 (80,95)
	85 (70,95)

	SF-36 poor PF (lowest 5th of distribution)
	200 (20)
	143 (20)

	
	
	

	SF36 mental health (MH) score (M=1020; W=753) *
	88 (76,92)
	80 (68,88)

	SF-36 poor MH (lowest 5th of distribution)
	233 (23)
	153 (20)

	
	
	

	Ever been told had a stroke (M=1009; W=750)
	44 (4)
	21 (3)

	
	
	

	Definite IHD (M=993; W=726)
	137 (14)
	52 (7)

	
	
	

	High BP/BP medication (M=1008; W=744)
	388 (39)
	284 (38)

	
	
	

	Type II diabetes (M=940; W=707)
	113 (12)
	80 (11)

	
	
	

	Grip strength (kg) (M=1008; W=744, Mean[SD])
	44.3 (7.5)
	26.8 (5.5)

	
	
	

	Job effort score (M=1021; W=753) *
	18.8 (6.3,31.3)
	12.5 (0,25)

	Job reward score (M=1021; W=753) *
	95 (84.4,100)
	96.9 (90.6,100)

	Job demand score (M=1021; W=753) *
	58.3 (41.7,66.7)
	50 (33.3,66.7)

	Job decision latitude score (M=1021; W=753) *
	70.4 (56.5,82.4)
	57.4 (44.4,70.4)


PF: physical function; MH: mental health; M: men; W: women; IHD: ischaemic heart disease; BP: blood pressure; kg: kilogramme

Descriptive statistics are frequencies and percentages unless indicated otherwise

*Descriptive statistics are the median and inter-quartile range because the variable had a negatively skewed distribution

Table 3: Associations between DC (DC) and effort-reward imbalance (ERI) and health outcomes
	
	Men
	Women

	DC/ERI classification
	n (%)
	OR (95%CI)
	n (%)
	OR (95%CI)

	Health Outcome
	with health outcome
	Crude
	Fully adjusted ‡
	with health outcome
	Crude
	Fully adjusted ‡

	SF-36 poor PF (lowest 5th of distribution, M=1020; W=753)
	
	
	

	Neither of them
	108 (17)
	Reference
	68 (15)
	Reference

	Both of them
	33 (32)
	2.3 (1.5,3.7)
	2.1 (1.3,3.4)
	21 (27)
	2.0 (1.2,3.6)
	1.8 (1.0,3.2)

	Only DC
	14 (22)
	1.4 (0.7,2.6)
	1.3 (0.7,2.6)
	19 (23)
	1.6 (0.9,2.9)
	1.5 (0.8,2.7)

	Only ERI
	45 (22)
	1.4 (0.9,2.1)
	1.2 (0.8,1.8)
	35 (24)
	1.7 (1.1,2.7)
	1.6 (1.0,2.6)

	SF-36 poor MH (lowest 5th of distribution, M=1020; W=753)
	
	
	

	Neither of them
	111 (17.2)
	Reference
	68 (15)
	Reference

	Both of them
	38 (37)
	2.8 (1.8,4.4)
	2.5 (1.5,3.9)
	28 (36)
	3.1 (1.8,5.3)
	2.9 (1.7,5.0)

	Only DC
	15 (23)
	1.4 (0.8,2.7)
	1.4 (0.7,2.6)
	24 (29)
	2.2 (1.3,3.9)
	2.1 (1.2,3.7)

	Only ERI
	69 (34)
	2.4 (1.7,3.5)
	2.4 (1.6,3.4)
	33 (22)
	1.6 (1.0,2.5)
	1.5 (0.9,2.4)

	Ever been told had a stroke (M=1009; W=750)
	
	
	

	Neither of them
	27 (4)
	Reference
	14 (3)
	Reference

	Both of them
	8 (8)
	1.9 (0.8,4.4)
	1.9 (0.8,4.4)
	2 (3)
	0.8 (0.2,3.6)
	0.7 (0.1,3.2)

	Only DC
	2 (3)
	0.7 (0.2,3.1)
	0.7 (0.2,3.1)
	2 (2)
	0.8 (0.2,3.4)
	0.7 (0.2,3.2)

	Only ERI
	7 (3)
	0.8 (0.3,1.9)
	0.8 (0.3,1.8)
	3 (2)
	0.6 (0.2,2.3)
	0.6 (0.2,2.2)

	Definite IHD (M=993; W=726)
	
	
	
	

	Neither of them
	84 (13)
	Reference
	30 (7)
	Reference

	Both of them
	15 (15)
	1.2 (0.7,2.1)
	1.0 (0.6,1.9)
	3 (4)
	0.6 (0.2,1.9)
	0.6 (0.2,2.0)

	Only DC
	10 (16)
	1.3 (0.6,2.6)
	1.2 (0.6,2.5)
	8 (10)
	1.4 (0.6,3.2)
	1.4 (0.6,3.3)

	Only ERI
	28 (14)
	1.1 (0.7,1.7)
	1.0 (0.6,1.6)
	11 (8)
	1.1 (0.5,2.3)
	1.1 (0.6,2.4)

	High BP/BP medication (M=1008; W=744)
	
	
	
	

	Neither of them
	246 (39)
	Reference
	172 (39)
	Reference

	Both of them
	44 (43)
	1.2 (0.8,1.8)
	1.2 (0.8,1.8)
	26 (34)
	0.8 (0.5,1.3)
	0.8 (0.5,1.4)

	Only DC
	20 (31)
	0.7 (0.4,1.3)
	0.7 (0.4,1.3)
	33 (40)
	1.0 (0.6,1.7)
	1.0 (0.6,1.7)

	Only ERI
	78 (38)
	1.0 (0.7,1.4)
	0.9 (0.7,1.3)
	53 (37)
	0.9 (0.6,1.3)
	0.9 (0.6,1.4)

	Type II diabetes (M=940; W=707)
	
	
	
	

	Neither of them
	70 (12)
	Reference
	49 (12)
	Reference

	Both of them
	11 (12)
	1.0 (0.5,2.0)
	1.0 (0.5,2.0)
	5 (7)
	0.6 (0.2,1.5)
	0.5 (0.2,1.4)

	Only DC
	11 (19)
	1.8 (0.9,3.6)
	1.8 (0.9,3.7)
	8 (10)
	0.9 (0.4,1.9)
	0.9 (0.4,1.9)

	Only ERI
	21 (11)
	1.0 (0.6,1.6)
	1.0 (0.6,1.6)
	18 (13)
	1.2 (0.6,2.1)
	1.2 (0.7,2.1)

	
	Mean (SD)
	Average difference in kg (95%CI)
	Mean (SD)
	Average difference in kg (95%CI)

	Grip strength (kg) (M=1008; W=744)
	
	
	
	

	Neither of them
	44.6 (7.6)
	Reference
	27.2 (5.2)
	Reference

	Both of them
	42.8 (7.4)
	-1.7 (-3.3,-0.2)
	-1.8 (-3.4,-0.3)
	26.2 (5.6)
	-1.1 (-2.4,0.3)
	-0.9 (-2.2,0.5)

	Only DC
	43.7 (6.7)
	-0.9 (-2.8,1.1)
	-1.0 (-2.9,0.8)
	25.6 (6.3)
	-1.7 (-3.0,-0.4)
	-1.6 (-2.9,-0.3)

	Only ERI
	44.6 (7.6)
	0.03 (-1.1,1.2)
	-0.01 (-1.2,1.2)
	26.7 (6.0)
	-0.5 (-1.5,0.5)
	-0.4 (-1.4,0.6)


PF: physical function; MH: mental health; M: men; W: women; IHD: ischaemic heart disease; BP: blood pressure; kg: kilogramme; 

OR: odds ratio; CI: confidence interval; ERI: effort-reward imbalance

‡Adjusted for age, age when left full time education, marital status, and MH, except for MH which was adjusted for PF
Figure 1: Distribution of DC and effort-reward imbalance by occupational group (data shown for the most commonly reported occupations for men and women)

[image: image1.wmf]0%

20%

40%

60%

80%

100%

Secretaries/personal assistants (n=113)

Sales assistants and check

-

our operators (n=61)

Numerical clerks and cashiers (n=55)

Clerks  (n=53)

Assemblers/line workers (n=34)

Other routine process operatives (n=33)

Other occupations in sales (n=32)

Teaching professionals (n=28)

Receptionists (n=21)

Clerical/secretarial (n=20)

Manager and proprietors (n=19)

Health and related occupations (n=19)

Childcare and related occupations (n=18)

Machine and plant operatives (n=18)

neither 

job strain only

ERI only

both

MEN

WOMEN

[image: image2.png]Metal machining and fitting (n=63)
Road transport operatives (n=62)
Construction trades (n=55)
Electrical/electronic trades (n=51)
Managers and administrators (n=45)
Stores and despatch clerks (n=38)
Engineers and technologists (n=36)
Production managers in manufacturing (n=31)
Manager and proprietors (n=30)
Machine and plant operatives (n=29)
Specialist managers (n=28)

Metal forming/welding (n=26)
Woodworking trades (n=25)
Numerical clerks and cashiers (n=24)

0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

\\\\i\\\\;\\\\\\k\\\\t\\\\\\\ < Tx < rx FPJTT
\\\\1\\\\\\\\\\\ \\\\L\‘\\\\\\ x gy
N \\\\\\\\\\\\\\\\\\\
“\\\‘T\“\\\‘L\“\\“\\“\\\k\“\\ \\\\\\\\\\\\\\\\

::::::\::t:::\:::::ﬁ\:::t::\:t::::i::::xﬁ\::t

SRR ‘:{{::{i:\\m\\\\Q\\\I_

R
IS T o L-\:T:-\:q:-]n:-\:q:
LA xx%x,ﬁxx =
)\\\k\\k\\ PEaLE
A I A e

A R \\\\\\\\\\\\

A R R

\\\\\l\\\\\\\\\\\ \\\\\\\\\]\\

SRS \\\\\\\\\\\\\\k\\\\\\ RRAALAAAKA AR

wneither Mjob strainonly “ ERlonly x both




	Appendix 1. HCS fieldwork methods

Domain/characteristic

Method of ascertainment

Coding for statistical analyses
Age 

Verification of date of birth from historical heath visitors’ register

Continuous variable

Anthropometry
Height 

Measured to the nearest 0.1cm using a Harpenden pocket stadiometer 
Continuous variable

Weight 

Measured to the nearest 0.1kg on a SECA floor scale
Continuous variable

BMI (kg/m2)

Calculated as (weight kg)/(height in metres, squared)

Categorised: <18.5 (underweight); 18.5-25 (normal); 25-30 (overweight); >30 (obese)

Lifestyle

Smoking history

Self-reported

Categorised: ‘never’, ‘ex’ and ‘current’ smoker

Alcohol intake 

Self-reported frequency of consumption, and typical amounts consumed, of different types of alcohol

Weekly consumption of alcohol units derived and categorised on a sex-specific basis: 

‘non-drinker/very low intake     (<1 unit) for men and women’; 

‘low (men:1-10/women:1-7)’; 

‘moderate (men:11-21/women 8-14)’; 

‘fairly high/high (≥22 men/≥15 women)’.

Social Circumstances

Marital status

Self-reported

Dichotomised: ‘single’ vs ‘ever married’

Social class 

Self-reported description of current or most recent full-time occupation (own, and that of the husband for ever-married women). 

Coded to 1990 Standard Occupational Classification [1] using computer assisted standard occupational coding [2]. 

Dichotomised on the basis of own current or most recent occupation, or that of the husband for ever-married women: ‘manual (IIIM-V)’ vs ‘non-manual (I-IIINM)’.

Age left full-time education

Self-reported

Categorised: ‘≤14’ vs ‘≥15” years of age

Home ownership

Self-reported

Categorised: ‘owned outright or mortgage owned’ vs ‘rented/other arrangement’

Health outcomes

Health-related quality of life

Nurse-administered Short-form 36-item (SF-36) questionnaire [3].

Physical functioning (PF) and mental health (MH) domain scores were coded according to the SF-36 manual [3]. Scores range from 0 to 100 with higher scores indicating better status. Participants with ‘Poor PF’ or ‘Poor MH’ were identified on the basis of having a score for that domain in the bottom fifth of the sex-specific distribution. 

Stroke

Self-reported previous diagnosis of stroke or transient ischaemic attack by a doctor

Binary variable

Ischaemic heart disease (IHD)

Participants completed a nurse administered Rose chest pain questionnaire [4], underwent a 12-lead electrocardiogram (ECG), and reported whether they had ever undergone a coronary artery bypass graft (CABG) or angioplasty.

Typical angina was coded according to the  Rose questionnaire [4]. ECG’s were coded to the Minnesota protocol and major-q waves identified [5]. ‘Definite IHD’ (yes/no) was identified if the participant had typical angina, or major Q-waves on the ECG, or had a history of CABG or angioplasty.

Hypertension (HTN)

Blood pressure was measured three times after resting at clinic using a Dinamap model 8101 (GE Medical Systems, Slough, UK).  Participants reported all currently used prescription and over the counter medications.

Medications were coded to the British National Formulary. Hypertension (yes/no) was defined as average measured BP ≥160/100mmHg or medication known to affect blood pressure.  

Diabetes (DM)

Self-reported previous diagnosis by doctor and method of control (diet, tablet, or insulin injection). Fasting 2 hour OGTT using 75g anhydrous glucose conducted at clinic for people without known diabetes

Diabetes (yes/no) defined as 2 hour plasma glucose ≥11.1mmol/l (WHO criteria [6]) or self-reported diagnosis of diabetes with treatment by diet control, tablets or insulin injections. 

Grip strength

Measured to the nearest kilogram three times for each hand using a Jamar handgrip dynamometer and standardised protocol [7]
Maximum of all available measurements was derived and analysed as a continuous variable.

Self-reported measures were ascertained by nurse administered home interview.

References for Appendix 1:

1. Office of Population Censuses and Surveys. Standard occupational classification, Vol 1 Structure and definition of major, minor and unit groups. London: HMSO, 1990.

2. Elias P, Halstead K, Prandy K. Computer Assisted Standard Occupational Coding: H.M. Stationery Office; 1993.

3. Ware JE, Kosinski M, Gandek B. SF-36 Health Survey: Manual and Interpretation Guide. Lincoln, RI: Quality Metric Incorporated, 2000.

4. Rose GA, Blackburn H. Cardiovascular survey methods. Monogr Ser World Health Organ. 1968;56:1-188.

5. Prineas,R.J., Crow,R.S., & Blackburn,H. (1982). The Minnesota code manual of electrocardiographic findings: standards and procedures for measurement and classification. Boston.
6. World Health Organisation. Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: Diagnosis and classification of diabetes mellitus. Geneva, 1999.

7. Roberts, H. C., Denison, H. J., Martin, H. J., Patel, H. P., Syddall, H., Cooper, C., and Sayer, A. A. (2011). A review of the measurement of grip strength in clinical and epidemiological studies: towards a standardised approach. Age and Ageing, 40, 423-429.7393.

Appendix 2: Mutually adjusted associations between DC (DC) and effort-reward imbalance (ERI) and health outcomes

	

	
	
	
	
	
	

	Health outcome 
	Predictor
	Men
	Women

	
	
	Model 1
	Model 2
	Model 1
	Model 2

	SF-36 poor PF (lowest 5th of distribution, M=1020; W=753)
	
	

	
	DC
	1.5 (1.0,2.3)
	1.5 (1.0,2.4)
	1.4 (0.9,2.2)
	1.3 (0.8,2.0)

	
	ERI
	1.5 (1.0,2.1)
	1.3 (0.9,1.8)
	1.6 (1.1,2.3)
	1.5 (1.0,2.2)

	
	
	
	
	
	

	SF-36 poor MH (lowest 5th of distribution, M=1020; W=753)
	
	

	
	DC
	1.3 (0.9,1.9)
	1.2 (0.8,1.7)
	2.1 (1.4,3.2)
	2.0 (1.4,3.1)

	
	ERI
	2.3 (1.7,3.2)
	2.2 (1.6,3.1)
	1.5 (1.0,2.2)
	1.4 (1.0,2.1)

	
	
	
	
	
	

	Ever been told had a stroke (M=1009; W=750)
	
	

	
	DC
	1.5 (0.7,3.2)
	1.5 (0.7,3.3)
	0.9 (0.3,2.8)
	0.8 (0.3,2.6)

	
	ERI
	1.1 (0.6,2.1)
	1.0 (0.5,2.1)
	0.7 (0.3,2.1)
	0.7 (0.2,2.0)

	
	
	
	
	
	

	Definite IHD (M=993; W=726)
	
	
	

	
	DC
	1.2 (0.7,1.9)
	1.1 (0.7,1.9)
	1.0 (0.5,2.0)
	1.0 (0.5,2.1)

	
	ERI
	1.0 (0.7,1.6)
	0.9 (0.6,1.4)
	0.9 (0.5,1.7)
	0.9 (0.5,1.7)

	
	
	
	
	
	

	High BP/BP medication (M=1008; W=744)
	
	
	

	
	DC
	1.0 (0.7,1.4)
	1.0 (0.7,1.4)
	1.0 (0.7,1.4)
	1.0 (0.7,1.4)

	
	ERI
	1.1 (0.8,1.5)
	1.0 (0.8,1.4)
	0.9 (0.6,1.2)
	0.9 (0.6,1.2)

	
	
	
	
	
	

	Type II diabetes (M=940; W=707)
	
	
	

	
	DC
	1.4 (0.8,2.4)
	1.4 (0.8,2.4)
	0.7 (0.4,1.3)
	0.7 (0.3,1.3)

	
	ERI
	0.8 (0.5,1.3)
	0.8 (0.5,1.3)
	1.0 (0.6,1.7)
	1.0 (0.6,1.7)

	
	
	
	
	
	

	Grip strength (kg) (M=1008; W=744)
	
	
	

	
	DC
	-1.4 (-2.7,-0.0)
	-1.5 (-2.7,-0.2)
	-1.2 (-2.2,-0.2)
	-1.1 (-2.1,-0.1)

	 
	ERI
	-0.1 (-1.2,0.9)
	-0.2 (-1.2,0.9)
	-0.2 (-1.1,0.7)
	-0.1 (-1.0,0.8)

	
	
	
	
	
	

	Estimates of association for grip strength were obtained from linear regression models. The remaining estimates of association are odds ratios obtained from logistic regression models. 



	

	Model 1 only contained DC and ERI as predictors

	
	

	Model 2 contained the following predictors: age, age when left full time education, marital status and SF-36 poor MH (yes/no); the model for SF-36 poor MH  was adjusted for SF-36 poor PF 


