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Standfirst

A recent study shows that a history of rotating night shift work and an unhealthy lifestyle are 

associated with increased T2D risk, both independently and synergistically. This is the first 

large-scale, prospective study to quantify how a healthy lifestyle may partially offset T2D 

risk in shift workers.
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The prevalence of Type 2 Diabetes mellitus (T2DM) has reached epidemic proportions 

globally. Therefore, identifying modifiable risk factors is critical. Shift work, especially 

night shift work, is now recognized as a T2DM risk factor; however, shift work is and will 

remain necessary, especially in health-related and safety-related sectors. Therefore, two 

options for T2DM prevention emerge: first, identify and implement healthier work 

schedules, which is currently subject to research; second, develop strategies to limit the 

adverse effects on glucose regulation (and other health effects) of the shift work schedules. 

Lifestyle interventions, including promoting a healthy weight, diet, non-smoking and 

physical activity, are well-known and effective paths to mitigate T2DM risk, although 

compliance and overall effectiveness in shift workers remain a challenge1. Furthermore, 

evidence regarding the independent and joint effects of shift work and lifestyle factors is 

virtually nonexistent. Such insight is important to determine the most effective approaches to 

improving metabolic health.

Zhilei Shan and colleagues2 have now carefully investigated the relative contribution of 

lifestyle factors and history of rotating night shift work exposure to T2DM risk in the 

Nurses’ Health Study and the Nurses’ Health Study 2, which followed-up >140,000 female 

nurses across >20 years. The authors calculated an unhealthy lifestyle score based on BMI, 
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physical activity, diet quality, and smoking status, by point summation. For example, 

individuals with a BMI ≥25kg/m2, <30 min per day of moderate to vigorous physical 

activity, diet quality in the lower three quintiles of the Alternate Healthy Eating Index, and 

who currently smoke, would obtain a score of 4. Rotating night shift work history was 

reported once at baseline in the Nurses’ Health Studies, when women were in their mid-

fifties. In the Nurses’ Health Study 2, women were younger, and every few years updated 

their shift work status. Shan and colleagues demonstrate that shift work and unhealthy 

lifestyle are independent predictors of T2DM, with 31% increased T2DM risk for each 5-

year period of rotating night shift work exposure and 2.8-fold increased T2DM risk for each 

unhealthy lifestyle factor. An additional 11% of T2DM cases were attributed to the joint 

effects of shift work and an unhealthy lifestyle, which was largely attributed to the lifestyle 

factors (71% of the joint effects). The authors conclude that this finding suggests that T2DM 

prevention efforts in rotating shift workers should focus on lifestyle.

When comparing the association between each of the four lifestyle factors in this study 

(BMI, smoking, diet quality and physical activity) with T2DM, it is clear that body weight 

plays a dominant role. Women who were overweight or obese had an 8-times higher risk of 

developing T2DM than women with a BMI of <25kg/m2. Compared to BMI, physical 

activity, diet quality, smoking, as well as history of shift work, were more moderate risk 

factors for T2DM (∼10–50% increased relative risk). It is noteworthy that risk estimates for 

T2DM reported for shift work in this study are probably underestimating the association, as 

they were based on cumulative lifetime shift work history, but did not require current shift 

work. Indeed, in the Nurses’ Health Study, most nurses might not have been working 

rotating night shifts even at baseline, which the author suggest as a reason for the lower risk 

estimates for T2DM in the Nurses’ Health Study when compared with Nurses’ Health Study 

2, in which >21% of women were still working shift work schedules. This discrepancy is 

relevant because adverse health risks seem to decrease after stopping shift work. 

Furthermore, the analyses comprised of women who were free of T2DM at baseline, which 

is necessary when estimating disease incidence. The women who were excluded at baseline, 

however, might be the ones most vulnerable to the influence of shift work on their health (a 

phenomenon known as the healthy worker effect), and exclusion of them from analyses has 

likely contributed further to the underestimation of the true effects of shift work.

With BMI as dominating factor for T2DM risk among the unhealthy lifestyle factors, one 

question is whether or not it should be adjusted for when assessing the association between 

shift work and T2DM (adjustment for the other three lifestyle factors didn’t modify the shift 

work-T2D association). A substantial body of work has demonstrated that shift work itself is 

robustly associated with some measures of metabolic health, such as BMI, waist-to-hip ratio 

(WHR) and weight gain3, even after accounting for other established risk factors such as diet 

quality, calorie intake and physical activity. As such, body weight and overweight and/or 

obesity can be conceptualized as a (partial) mediator between shift work and T2D (Fig. 1).

Mechanistic evidence from controlled laboratory studies has shown that circadian 

misalignment and sleep deprivation — which are typically experienced during shift work, 

especially when the schedule includes rotating night shifts (Fig. 1) — impair glucose 

metabolism, and are now considered emerging risk factors associated with T2DM risk4. 
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Circadian and sleep disruption also might affect energy expenditure and increase energy 

intake, and is thereby a probable causal pathway from shift work to overweight and/or 

obesity, and thus to T2DM risk5,6 (Fig. 1). Some of the other factors captured in the 

unhealthy lifestyle score are also known to be influenced by circadian and sleep disruption. 

A 2018 pilot trial suggested that extending sleep duration in habitual short sleepers can 

reduce sugar, fat and carbohydrate intake.7 This result suggests that reduced sleep in shift 

workers might negatively affect diet quality and calorie intake. Furthermore, animal and 

human studies have shown that when we eat (both circadian time of food intake as well as 

fasting duration), in addition to what we eat, affects glucose control, weight regulation and 

long-term health outcomes8. For example, glucose tolerance, insulin sensitivity, pancreatic 

beta-cell function, and diet-induced thermogenesis are reduced in the biological evening 

compared to the biological morning.4 Links between shift work, as well as between 

circadian and sleep disruption, and smoking status and physical activity are less clear. 

However, shift work is expected to change the timing of physical activity and smoking, the 

former of which may affect glucose control. Taken together, Figure 1 illustrates the need for 

even more detailed analyses considering those existing and emerging inter-relationships, and 

can build on the important findings provided by Shan and colleagues2.

T2DM risk in the Nurses’ Health Study 2 has also been shown to be influenced by the 

interaction between history of rotating night shift work and chronotype (for example, early 

or late individual sleep timing, people in each category are sometimes referred to as larks or 

owls).9 Chronotype influences the extent of shift-specific sleep deprivation10, and thereby 

probably also secondarily lifestyle factors and their timing. Future studies exploring those 

inter-relationships might help to individually-tailor prevention and intervention strategies 

and thereby maximize interventions’ efficacy.

The inter-relationships between shift work, lifestyle, clock-regulated physiology, sleep 

behavior, and their effect on glucose control are clearly complex. The study by Shan and 

colleagues2 addresses this highly relevant topic, and provides first exciting results aiming at 

delineating these relationships. As our understanding of circadian biology advances, and is 

increasingly integrated with public health, translation medicine, and epidemiology 

(including the implementation of more formal assessment of circadian organization in those 

studies) our ability to quantify and track timing of environmental and behavioral risk factors, 

as well as consequential circadian disruption, are increasing. Incorporating timing of 

behaviors and exposures as an additional exposure dimension, in addition to quantity and 

quality, will allow us to maximize the potential of (timed) lifestyle and occupational 

interventions for health.
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Figure 1. Relationships between shift work, unhealthy lifestyle factors, and T2D.
Shan et al. show that a history of rotating night shifts moderately increases the risk of 

incident type 2 diabetes, with effect estimates of similar magnitude to that of each of three 

unhealthy lifestyle factors: lower physical activity, diet quality, and current smoking. By 

comparison, being overweight or obese was associated with a much larger relative risk for 

T2D, 8-fold higher compared to women who were lean (BMI≥25 vs. <25kg/m2). BMI is 

likely a (partial) mediator in the relationship between a history of shift work and T2D. 

Circadian misalignment, typical in night workers, is composed of environmental, behavioral, 

and internal misalignment, and can also result in molecular clock disruption. Circadian 

misalignment, including the consequential sleep disruption and mistimed meals, have been 

implicated in increased body mass as well as impaired glucose control, both risk factors for 

T2D. Note that other environmental, behavioral, social, and genetic risk factors are involved 

in this complex interaction. Abbreviations: SCN, suprachiasmatic nucleus; BMI, body mass 

index; T2DM, type 2 diabetes mellitus.
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