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WORKING IN SHIFTS AND THE METABOLIC SYNDROME : 
EPIDEMIOLOGICAL EVIDENCE AND PHYSIOPATHOLOGICAL 

MECHANISMS
Oţelea Marina Ruxandra1, Raşcu Agripina1, Ion Ileana2, Arghir Ioan Anton.2, Badiu Adela3, Ciobotaru Camelia2, 
Rascu Alexandra –Maria1, Arghir Oana Cristina2

ABSTRACT

The Metabolic syndrome (MetS) is considered as an association of the abdominal obesity, abnormal 
metabolism of the lipids and glucose (high level of triglycerides, low level of HDL-cholesterol and high level 
of glycemia) and high values of blood pressure, determined by an underlying mechanism of insulin resistance. 
As a result of environmental- gene interaction, MetS is associated with unhealthy nutrition, smoking, alcohol 
abuse, lack of physical activity, shorter sleep duration and desynchronization of the circadian rhytm caused 
by working in shifts. The aim of this article is to review the effects of working in shifts on the MetS through 
the epidemiological evidence and the perspective of the physiopathological mechanisms. 
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Introduction

Metabolic syndrome (MetS) has a 
pathogenesis which is not sufficiently known, 
still on debate. Most authors considered MetS 
related to ״atherogenic dyslipidemia, abdominal 
obesity, increased values of blood pressure, 
insulin resistance ± glucose intolerance, 
proinflammatory and prothrombotic states(1) ״. 
Shift work is associated with several risk factors, 
influenced by lifestyle, as drinking cofee and/
or alcohol, smoking, aging and obesity, having 
adverse effects on the architecture of sleep, 
sleep maintenance, mental, cardiovascular and 
metabolic disorders and diseases, with unclear 
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relationships (2). Night shift workers have 
tendency to a lower socio-economic status (3), a 
higher total calorie intake, a shorter sleep duration 
(4) and irregular sleeping hours, and more of 
them are smokers (3-5). For these reasons, shift 
working was proposed an occupational hazard 
for the pathogenesis of MetS.

Epidemiological data

The epidemiological studies in the area 
of shift working, as a risk factor for MetS, have 
explored either the relation with the components 
of MetS or with the MetS׳ major consequences 
(diabetes, cardio-vascular diseases). 
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Obesity. A systematic review, published 
several years ago, in 2011, found strong evidence 
for a crude association between obesity and 
nightshift (6) and other supplementary data, 
published later, confirmed and sustained the 
association (4,7,8).  A quantitative relation was 
established between the obesity and the intensity 
of long term exposure, estimated by the number 
of years of night shift or number of nights shifts 
per week. A recent meta-analysis on obesity, 
based on 28 performed studies, estimated an 
overall odds ratio (OR) for obesity (1.23) and 
abdominal obesity (1.35) in night shift workers, 
revealing a higher risk in the permanent night 
workers (1.43) versus the rotating shift workers 
(1.14) (10). 

The lipid profile. Several studies involving 
workers in shifts showed higher levels of 
triglycerides and LDL cholesterol, with lower 
values of HDL cholesterol (11,12). Among a large 
cohort of 27,485 individuals, a Swedish study, 
identified a cluster of MetS components (obesity, 
high triglycerides, and low HDL cholesterol) to 
be rather characteristic for shift workers (13). 
Some other researchers did not confirm the 
relation between MetS and shift work, or the 
significance of the association decreased when 
poor sleep quality, age adjustments and lifestyle 
factors were also included in the analysis (14,15). 

Diabetes. A longitudinal study, with a 9.9 
years follow-up time of surveillance, noticed 
counterclock nightshift work determined higher 
levels of HbA1c, influenced by the scheduling 
scheme of the working cycle (16). Two large 
cohort studies confirmed that long duration 
or more frequent exposure were associated 
with an increased prevalence of diabetes. One 
study conducted, in Sweden, by Karlsson et 
al, in pulp and paper manufacturing plants, 
found a liniar relation between the number of 
shift years of exposure and mortality (17). The 
Healthy Nurse Study, performed in the United 
States,  investigated the risk factors for major 
chronic diseases, among women, and revealed a 
threshold of ≥3 night shifts per month as a risk 
factor for type 2 of diabetes (18). Consistent 
with these results, it was reported the difficulty 
in controling the lower levels of HbA1c among 
nightshift workers with diabetes (19). 

Cardiovascular disease. A high risk of 

cardiovascular diseases was reported in different 
worldwide populations living in Europe (20,21), 
North and South America (22) or Asia (23). 
Night working is associated with an increased 
carotid-intima-media thickness (24), considered 
a reliable marker of the atherosclerosis process. 
The longer exposure to nightshift working is, a 
higher risk of cardiovascular outcomes has to be 
estimated (25). However, some studies assessed 
the presence of the cardiovascular risk factors 
without a significant raised blood pressure 
(either systolic, or dyastolic value) (20). One 
meta analysis, restricted to the cohort studies in 
rotating shifts, calculated a pooled OR of 1.34 for 
hypertension, whereas in cross sectional studies, 
the OR was significantly lower (OR = 1.07) (26). 
These different conclusions of epidemiological 
studies could be related to several factors, 
as the type of rotating shift (day shifts, or 
day and  shifts, clockwise, counterclokwise, 
weekly nightshift, 8 hours work/12 hours free 
time etc). For example, the analysis of 54,724 
women, included in the The Nurses’ Health 
Study (4), had underlined stronger association 
among the night shift nurses compared to the 
rotating shifts ones, who were more influenced 
by aging. Another factor, which interferes the 
results, is the follow- up length of time. Some 
components of the MetS (obesity and abnormal 
lipid profile) seem to be influenced by different 
exposure time, even shorter one (27). Follow up 
surveillance time could be biased by the effect 
of healthy worker, that underestimated the risk 
of cardiovascular disease. In occupational cohort 
studies, the “healthy worker effect” is referring 
to the fact that employees that get some targeted 
disease can lose the job, for medical grounds, 
and are no more identified as cases during the 
follow up period. Concerning different cohorts 
of nurses, the turnover in employement is 
variable, and, sometimes, influenced by the 
presence of a chronic disease (28,29). In fact, 
one of the main reasons nurses are changing 
their job is the schedule of time (30), reflecting 
also the role of personal cronotype. An evening 
cronotype increased the risk, while the early 
morning cronotype has no influence (31). The 
relation between chronotype and diabetes risk 
was present in the analysis of the participants in 
Nurses’ Health Study, absent in the UK Biobank 
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study analysis (32), quite inconclusive. Workers 
in the early chronotype class presented the most 
changes concerning the metabolic profiles (33). 

Race might determine some discrepencies 
because the prevalence of obesity and the 
abdominal adiposity, or the risk of raised blood 
pressure are different according to genetic factors. 
In the UK Biobank study, authors assessed the 
relationship between shift work exposure and 
diabetes, revealing significantly higher odds ratio 
(OR=1.44), particularly in rotating shift workers, 
but no interaction was determined between the 
genetic risk for type 2 diabetes and the current 
work schedule, the number of years with night 
shift schedule, or the average lifetime night shift 
frequency (32). Based on these large prospective 
epidemiological studies, working in shifts can 
be considered as a relevant risk factor for the 
occurrence of MetS. 

Physiopathological mechanims

3 to 10% of the gene transcripts have, 
rhythmically, a 24 hour- cycle (34). Day peak 
transcripts have been described for some proteins 
(e.g. proteins involved in inflammation and 
hormonal response, including insulin) (35), while 
others have a night peak (e.g. proteins involved 
in ribosomal and epigenetic processes such as the 
methyltransferases) (36). The intrinsec oscillations 
of the brain and muscle ANRT-like protein-1 
(BMAL1) and circadian locomotor output cycles 
kaput (CLOCK) are the substrate of the circadian 
cycle, located in the suprachiasmatic nucleus. 
The nuclear translocation of the heterodimer, 
formed by CLOCK and BMAL1, initiates the 
transcription of PER2-CRYs and REV-ERBs 
genes that provide the feedback control of the 
circadian rhythm, but also of numerous other 
proteins and hormons that regulate metabolism, 
such as glucocorticoid, insulin, leptin, ghrelin, 
vasopressin etc. Light, primarly via melatonin 
level regulation, effort and nutrition are the best 
characterized environmental factors to influence 
the spontaneous oscillations of the central clock. 
The central clock provides input for the peripheral 
expression of the clock genes. The majority of 
the cells of the human body have ״a clock gene 
expression״. Fundamental research has identified 
several functions of the clock genes related to 

peripheral metabolism regulation; for example, 
CLOCK-BMAL1 influences the transcription 
of genes involved in the lipid metabolism, 
PER2-CRY influences the transcription of genes 
participating to the cell stress reaction, glucose 
(e.g. repression of the glucoso-6-phosphatase 
transcription) and lipid metabolism (competitive 
activity with PPAR α, a ligand for the transcription 
of the genes that activate the fatty acids 
oxidation) and the cell cycle (37), including the 
adipogenesis (38). At cellular level, the oxidative 
status, reflected in NAD+/NADH balance, is also 
influenced by the clock genes. Loss of BMAL1 
activity in liver, for example, causes swollen 
of mithocondria, and affects the mithocondrial 
oxidative phosphorylation (39). The influence is 
reciprocal, as, NAD+ dependent sirtuin 1 activity 
generates a negative feedback loop to the central 
clock genes. Another intersection, at cellular 
level, is between the clock genes and the AMP-
activated protein kinase (AMPK) level. AMPK 
is a regulator of the CRY and PER proteins 
levels (39). CLOCK and BMAL1 induce the 
transcription of the ATP-synthetase expression 
(40). In pancreatic cells, these clock genes reduce 
the uncoupling protein 2 (41). It is important to 
notice that increased levels of uncoupling protein 
2 have been found in patients with diabetes, 
associated with a reduction in the ATP content 
of the β-cells and blunted insulin secretion (42). 

Beside these metabolism regulators, 
metabolomic studies sustained that around 15% 
of the low molecular weight metabolites have 
circadian variations (43) and lipidomics have also 
shown a circadian variation in 13.3% of plasma 
lipids (44). The circadian oscillation of the clock 
genes is considered an adaptive mechanism 
to restricted feeding and to the preservation 
of energy. In the context of no restricted food 
availability, the adaptive mechanism lost its 
initial relevance. Meantime, as the external 
disruptors of this mechanism are more and 
more prevalent, disruption of the physiological 
circadian mechanism become a pathogenic factor 
of MetS. Therefore, MetS is now considered one 
of the ״modern life chronobiological illness״ 
(38).  

The main occupational disruptor of 
the circadian rhythm are shifts. Working in 
shifts induces a misalignment of the physiological 
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circadian rhythm and creates the conditions for 
shorter sleep duration and unhealthier habits. 
Nutritional intake during the night, when the 
hormonal and adipokine transcripts profile 
corresponds to the fasting state (e.g. low insulin, 
high glucagon) and when the tissular sensitivity 
is lower (35, 45), contributes to a raise of the 
glycemic level. In humans, the area above 
baseline of postprandial glucose excursion, is 
lowest at breakfast, reflecting a better glucose 
tolerance at breakfast than at lunch or dinner; this 
was also related to the higher postprandial levels 
of insulin after breakfast than after other meals 
of the day (46). Interestingly, hepatic insulin 
extraction was also lower at breakfast comparing 
to lunch and dinner. 

How desynchronization of sleep affects 
metabolism was studied in healthy individuals.  
A delaying in sleep of 4 hours, for 3 consecutive 
days, reduced the rhytmic transcripts in human 
blood from 6% to 1%, apart from an influence of 
the melatonin secretion. The transcripts affected 
were regulators of the epigenetic modifications, 
RNA polymerases, factors influencing the 
translation process, or core clock genes (36). 
Overall, the desynchronization affected, through 
this transcripts, a significant number of gene 
expressions of the organism. An imposed awake-
sleep cycles longer than 24h, led to higher levels 
of plasma glucose and triglycerides (47). After 3 
days of 12 h shift protocol, mimicking a possible 
working schedule, the transcriptome analysis 
of the muscle biopsies showed significant 
differences of the PPAR pathway compared 
to the basal levels, upregulating the fatty acids 
pathways; reduced muscular sensitivity to insulin 
related to a significantly low glycogen synthesis 
and to impairement of the mithocondrial 
oxidative capacity. The plasmatic levels with 
elevated fatty acids and glycemia reflect the 
cellular modifications in metabolism (48). 

Night shifts or early shifts are, by 
themselves, desynchronization factors. Shift 
nurses exhibited lower circadian variantions 
of peripheral skin temperature and cortisol 
variations (49). Melatonin secretion is influenced 
by the work schedule, the intensity of exposure 
to light and the wavelenght of the light wave 
during the shift working (50).  The insulin 
sensitivity is different during the night both from 

delayed pancreatic secretion and from increased 
peripheral resistance. After 2 consecutive night 
shifts, the peak of insulin and C-peptide after meal 
ingestion was delayed, as was the nadir glucagon 
supression (51). Night shift might also interfere 
the inflammation mechanisms : high levels of 
high sensitivity protein C and leucocite blood 
count were found in shift working individuals, 
after adjustment for age, body mass index (BMI), 
waist circumference, alcohol consumption, 
smoking, exercise and sleep duration and 
insufficiency (2,52). Together with the autonomic 
nervous system activity disregulation, the low 
grade, persistent inflammation increases the 24-
hour systolic blood pressure by 3.0 mmHg and 
24-hour diastolic blood pressure by 1.5 mmHg 
(53). 

Shorter sleep duration time, in both men 
and women, was, significantly, associated with 
higher BMI and waist circumference measures 
(54) and was defined as risk factor for MetS in 
in general population studies (55-57). Garaulet et 
al (38) have summarized the pathways of insulin 
resistance. The direct effect of insulin resistance 
is related to the increase in the conterregulatory 
insulin mechanisms (cortisol, growth hormone 
and sympathetic activity) and the indirect one 
is represented by the fat accumulation (obesity). 
Obesity is related to appetite sensation and the 
nutritional intake, and it is facilitated by the 
elevated levels of orexin and ghrelin and the 
lower leptin levels, combined with an increased 
time and opportunity break to eat. Impairement 
of glucose tolerance in healthy individuals, with 
temporary sleep restriction, was documeted 
several years ago (58) and confirmed by more 
recent studies among healthy people (59). The 
insulin sensitivity, assessed by intravenous 
glucose test, was reduced, on average, by 
20%. Peripheral resistance, estimated by the 
euglycemic hyperinsulinemic clamp, was 
reflected in 11% decreased dextrose infusion rate, 
in the final hours of the clamp procedure (59). 
In non diabetics, overweight/obese persons, the 
comparison between the insulin resistant to the 
non-resistant ones, revealed significant higher 
percentage of individuals with less than 7 hours 
of sleep per night in the insulin resistant group 
(60). 

Studies exploring the interaction between 



148

sleep restriction and forced misalignment 
showed decreased sensitivity of insulin and 
elevated levels of the inflammatory biomarkers, 
independently of the sleep restriction (61). These 
results were confirmed in a cross sectional study 
on a hospital women personnel by an association 
between MetS and duration of night shift, with no 
sleep latency and sleep efficiency, as estimators 
for a poor quality of sleep (62). Even so, the 
importance of the recovery sleep should not be 
ignored among shift workers. Sleep efficiency 
seems to be less pronounced in shift, compared 
to non-shift individuals, in terms of restoring 
plasma insulin, triglyceride and non esterified 
fatty acids levels (63).

Conclusions

The experimental research, both in 
vitro and in vivo, provided consistent data 
and mechanistic explanations for the relation 
between the MetS and working in shifts. 
Different pathophysiological pathways of the 
lipid and carbohydrate metabolism lead to insulin 
resistance, diabetes and cardiovascular disease. 
In terms of prevention, in occupational medicine, 
the MetS and shift working should be approached 
from many angles. As night or rotating shifts 
cannot be avoided in many occupational 
settings, the recognition of MetS׳ risk and the 
identification of the early biomarkers of exposure 
to diabetes and cardiovascular diseases is crucial. 
The interest in chronobiology increases more and 
more. An important step forward would be the 
implementation of interventional programs to 
promote nutrition, physical activity and sleep 
hygiene in companies in which the risk is present. 
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