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Abstract Background and aims: To assess the impact of obesity and being overweight on sick-
ness absence (SA) as a function of healthy/unhealthy metabolic phenotype.
Methods and results: A total of 173 120 healthy workers who underwent a routine check-up, con-
sisting of a structured interview, anthropometric measurements and blood pressure and fasting
blood analysis, were included as the study sample (67.1% males; 49.2% manual workers; mean
age 40.6 � 21.9 years). Workers were classified according to their body mass index (BMI) and
metabolic phenotype. A metabolically unhealthy phenotype was defined as the presence of three
or more of the following criteria: glycaemia �110 mg/dL or previously diagnosed type I/II dia-
betes or treatment for diabetes; triglycerides �150 mg/dL or lipid-lowering therapy; HDL <40/
50 mg/dL M/F; blood pressure �130/85 mmHg or previously diagnosed hypertension or antihy-
pertensive therapy; waist circumference >102/88 cm M/F. A one-year follow-up was conducted
to evaluate the incidence of work-related and non-work-related SA (WRSA/NWRSA). The associ-
ation of BMI with SAwas tested using Poisson regression (standard error correction), segmenting
on the basis of metabolic phenotype.

The overall percentages of workers who were overweight, obese and/or had a metabolically
unhealthy phenotype were 37.7%, 16.3% and 8.8%, respectively. BMI was associated with
increased incidence of NWRSA in both phenotypes. It was also associated with WRSA in subjects
with a BMI in the range of 35e39.99 kg/m2 and in metabolically healthy individuals. WRSA was
lower in subjects with a BMI �40 kg/m2 and among metabolically unhealthy individuals.
Conclusion: Obesity is associated with health problems that have a significant impact on SA.
ª 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction

Health problems linked to high body mass index (BMI) are
increasingly relevant from an epidemiological perspective.
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Madrid, Spain. Fax: þ34 91 4169699.

therosclerosis, the Italian Society of Human Nutrition, and the Department of Clinical
d.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:carloscatalina@ibermutuamur.es
http://crossmark.crossref.org/dialog/?doi=10.1016/j.numecd.2018.12.005&domain=pdf
https://doi.org/10.1016/j.numecd.2018.12.005
https://doi.org/10.1016/j.numecd.2018.12.005
https://doi.org/10.1016/j.numecd.2018.12.005
www.sciencedirect.com/science/journal/09394753
http://www.elsevier.com/locate/nmcd


384 C. Catalina-Romero et al.
and people with disabilities attributable to this factor grew
by 63.2% and 71.3%, respectively [2].

Previous research has linked obesity to an increase in
sickness absence (SA) [3e8]. Moreover, in recent decades,
the impact of obesity on SA may have exceeded that of
tobacco consumption [9]. However, several studies pub-
lished on this topic were based exclusively on data from
surveys [5e8]. Other reports concentrated on selected
populations from an occupational perspective [6,9] or
were focused on SA due to specific health conditions
[10,11]. In addition, study designs are often cross-sectional,
or SA is assessed through self-reporting by workers [4].

The healthcare costs and productivity losses associated
with obesity have been estimated to be millions of euros
or dollars [12,13]. For example, the absenteeism-related
lost productivity costs associated with obesity and being
overweight were estimated to be V2 180 million in Ger-
many [12]. In the USA, the total costs of absenteeism
attributed to obesity were reported to be between 6.5%
and 12.6% [13].

Among obese individuals, a phenotype of patients who
do not present metabolic abnormalities, the so-called
metabolically healthy obese (MHO) phenotype, has been
described [14]. The clinical significance of metabolic
phenotype lies in its potential to define a high-risk pop-
ulation on which actions aimed to fight against obesity
should be focussed [14]. A metabolically unhealthy
phenotype is present in approximately 12.9% of over-
weight and 44.9% of obese workers [14]. A metabolically
healthy phenotype could represent an intermediate stage
in terms of cardiometabolic risk [14]. If that were true, an
intermediate level of SA should be expected among those
patients.

The objective of the current study was to analyse the
impact of obesity and being overweight on SA. Further-
more, the potential use of assigning a metabolically
healthy or unhealthy phenotype to individual workers was
evaluated.

Methods

The current research was part of the ICARIA (Ibermutua-
mur CArdiovascular RIsk Assessment) study, the method-
ology of which has been described in detail elsewhere
[15,16]. Briefly, cardiovascular risk factors and global CVR,
as estimated using the SCORE (Systematic COronary Risk
Evaluation) chart for European low-risk countries, were
assessed in a broad and representative sample of the
Spanish working population [15]. The ICARIA cohort in-
cludes workers from all activity sectors and occupational
categories, with a broad age range and of both genders.
Furthermore, the sample is balanced with regard to the
Spanish geographical areas, as defined by actual cardio-
vascular mortality adjusted for age [16]. All participants
who underwent a routine medical examination were
approached and included in the ICARIA cohort, provided
they gave informed consent [15e17].

For the current analyses, a sample of 173 120 healthy
workers (workers without an active SA episode when
selected) were enrolled during a routine medical exami-
nation. A prospective cohort design was followed. Baseline
medical assessment included standardised anthropo-
metric and blood pressure measurements (average values
of two measures with the semiautomatic device OMRON
M4-1, Omron Electronics, Hoofddorp, The Netherlands),
fasting blood test and a structured interview conducted by
a trained physician. The anthropometric measurements
were taken under standard conditions by a physician, with
the workers wearing light clothes and no shoes.

Recruitment took place from 1 January 2012 to 31
December 2013. Only workers for whom a minimal data
set was available were included in the analysis. We
excluded those with missing values for the main explan-
atory variables (BMI, blood pressure, prior hypertension
diagnosis, antihypertensive treatment, triglycerides, high-
density lipoprotein-cholesterol (HDL-C), lipid-lowering
therapy, glycaemia, prior type I/II diabetes diagnosis and
anti-diabetic treatment and waist circumference).
Variables

Demographic variables were workers’ sex, age and occu-
pation (manual or blue collar; non-manual or white col-
lar). The main explanatory variable was BMI. BMI was
categorised as 6 groups: low weight (<18.5 kg/m2);
normal weight (18.5e24.99 kg/m2); overweight
(25e29.99 kg/m2); obesity (30e34.99 kg/m2); severe
obesity (35e39.99 kg/m2) and morbid obesity (�40 kg/
m2).

Other variables were also assessed. An unhealthy
metabolic phenotype was defined as the presence of three
or more of the following five criteria (modified criteria for
metabolic syndrome of National Cholesterol Education
Program (NCEP) e Adult Treatment Panel III eATPIII) [18]:

� Waist circumference >102 cm (males)/>88 cm
(females).

� Hyperlipidaemia: triglycerides �150 mg/dL or lipid-
lowering therapy.

� HDL-C <40 mg/dL (males)/<50 mg/dL (females).
� Blood pressure �130/85 mmHg or prior hypertension

diagnosis or anti-hypertensive treatment.
� Fasting glycaemia �110 mg/dL or prior type I or type II

diabetes diagnosis or antidiabetic treatment.

After the baseline medical assessment, a 365-day
follow-up was carried out to evaluate SA episodes
throughout that period. In Spain, SA is covered for both
work-related and non-work-related injuries and diseases
but with different regulations [19]. Classification as an
occupational disease is constrained by a specific list of
conditions for defined occupations, developed according
to the influence of specific exposures [20]. Injuries that
occurred when working or commuting are also considered
work related. The remainder injuries and diseases are
considered non-work related. Data of SA were obtained
from the workers’ Mutual Insurance Company official
registers. Mutual insurance companies provide for health
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care related to occupational injuries and diseases. They
also collaborate with the National Social Security System
in case management and distribution of economic support
for both work-related and non-work-related SA episodes.
Regarding dependent variables, the occurrence of sick
leave episodes (yes; no) was the main outcome. The total
count of SA days associated with the episodes initiated
during the 1-year follow-up period was also documented.
Both variables were assessed for SA of all causes, with
differentiation made between work-related SA (SA caused
by work injuries and occupational diseases) and non-
work-related SA (SA due to non-occupational injuries
and diseases).

Statistical analysis

Descriptive statistics were calculated for all variables.
categorical data were expressed as percentages, and
quantitative variables were expressed as means and
standard deviations. The percentage of workers in each
BMI group was calculated with adjustment for sex and age
to accurately resemble the composition of the Spanish
working-age population. In addition, differences among
BMI groups in terms of demographic variables and meta-
bolic phenotype, and each of its components, were tested.
Pearson’s chi-square test was used in the case of categor-
ical variables. A one-way ANOVA was carried out to test
differences in quantitative variables between BMI groups.

Incidence was defined as the percentage of workers
who started at least one SA episode during the follow-up
period. As mentioned above, incidence rates were sepa-
rately obtained for all causes, work-related SA and non-
work-related SA.

Finally, Poisson regression analyses (standard error
correction) were performed to assess the association of the
BMI group with the incidence of SA. Two different models
were calculated: a crude model where BMI was the unique
predictor and a model adjusted for workers’ sex, age and
occupation. The results are presented as rate ratios (RR)
and their 95% confidence intervals (95% CIs).

Analyses regarding SA were conducted for the overall
sample and subgroups on the basis of metabolic pheno-
type (metabolically healthy vs. unhealthy).

All statistical analyses were performed using IBM SPSS
Statistics, version 22.

Ethical issues

Signed informed consent was obtained from all partici-
pants before enrolment in the ICARIA study, in accordance
with the principles stated in the Declaration of Helsinki.
The protocol was reviewed and approved by the Ibermu-
tuamur Ethics Committee.

Results

The sample consisted of 67.1% males and 49.2% blue collar
workers. The mean age of the participants was
40.62 � 21.91 years (Table 1). The percentages of workers
who were overweight or obese were 37.7% and 16.3%,
respectively, after adjustment for sex and age (Table 1). In
both groups, there were higher percentages of men and
blue collar workers, and the mean age was higher with
regard to workers with normal weight (p < 0.001).

Table 2 shows the distribution of metabolic phenotypes,
as well as the individual components, in the sample (Table
2). The percentage of workers with a metabolically un-
healthy phenotype was 8.8%. The most prevalent compo-
nent of the unhealthy phenotype was hypertension
(36.2%), whereas fasting glycaemia �110 mg/dL, prior type
I or type II diabetes diagnosis or antidiabetic treatment
was the least frequent component (6.2%). There was an
increase in the metabolically unhealthy phenotype and its
components with increasing BMI (p < 0.001).

Tables 3 and 4 present the incidence of SA and total
count of SA days during follow-up as a function of workers’
BMI and metabolic phenotype. Overall, we observed an
upward trend in all-cause SA incidence as BMI increased,
both in the overall sample and in the metabolically healthy
phenotype group (p < 0.001) (Table 3). The same groups
also displayed higher total counts of SA days (p > 0.001)
(Table 4). In addition, subjects with metabolically un-
healthy phenotype also showed an increased incidence of
non-work-related SA (p Z 0.035) (Table 3).

Among subjects with metabolically healthy phenotype,
BMI (35e39.9 kg/m2 vs. 18.5e24.9 kg/m2) remained
associated with an increased risk of all-cause (RR Z 1.42,
95% CI: 1.28e1.59), non-work-related (RR Z 1.40, 95% CI:
1.25e1.57) and work-related (RR Z 1.55, 95% CI:
1.38e1.74) SA, after adjusting regression models for sex,
age and occupation (Table 5). Participants who were at the
most severe obesity level with a metabolically healthy
phenotype showed a lower risk of work-related SA
(RR Z 0.64, 95% CI: 0.44e0.92). For subjects with a
metabolically unhealthy phenotype, a BMI of 35e39.9 kg/
m2 (RR Z 1.43, 95% CI: 1.06e1.92) or �40 kg/m2

(RR Z 1.65, 95% CI: 1.14e2.39) was associated with an
increased risk of non-work-related SA, while all ranges of
obesity were significantly associated with a lower risk of
work-related SA (Table 5).

Discussion

The current findings provide evidence of the relevance of
obesity from the perspective of disease burden, especially
in terms of SA. In our study, obesity was consistently
associated with SA, in particular, in terms of increased
incidence and duration of non-work-related SA. Workers’
metabolic phenotype also played an important role.
Metabolically unhealthy obese workers showed a higher
risk for non-work-related SA than their metabolically
healthy counterparts. Interestingly, compared to subjects
with morbid obesity (BMI � 40 kg/m2) and a metabolically
healthy phenotype, those who were merely obese (BMI
35e39.9 kg/m2) with a metabolically unhealthy phenotype
had a much greater likelihood of initiating a non-work-
related SA episode than the others. Unexpectedly, sub-
jects with morbid obesity and metabolically healthy



Table 1 Descriptive analysis of the sample. Distribution of workers by body mass index (BMI) range, sex, age and occupation.

Variable n % % Adjusteda % males p-valueb % blue-collar p-valueb Mean age (years) Standard
deviation

p-valuec

<18.5 Kg/m2 2324 1.3 1.6 19.7 <0.001 30.9 <0.001 34.28 9.00 <0.001
18.5e24.9 Kg/m2 73 459 42.4 44.4 52.0 39.9 38.14 21.43
25e29.9 Kg/m2 68 509 39.6 37.7 79.6 53.9 42.23 25.74
30e34.9 Kg/m2 22 684 13.1 12.8 81.3 61.3 43.81 9.83
35e39.9 Kg/m2 4916 2.8 2.8 75.9 63.7 43.17 9.83
�40 Kg/m2 1228 0.7 0.7 70.0 62.5 42.07 9.62
Total 173 120 100 100 67.1 49.2 40.62 21.91
a Adjusted percentage of the sample in each BMI range, adjusted by sex and age.
b Chi-squared test.
c One-way analysis of variance (ANOVA).
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phenotype and subjects with overweight or obesity and
metabolically unhealthy phenotype showed a lower risk of
work-related SA. Although it has been previously sug-
gested that subjects at a more advanced stage of obesity
progression may be excluded from certain professional
activities, leading to reduced incidence of occupational
injuries and illnesses, such explanation needs further
research [21].

Regarding the prevalence of morbid obesity, obesity
and being overweight, current results are coherent with
those in prior reports from the ICARIA study and confirm a
sustained progression of the obesity epidemic in the
Spanish working population [14]. Such increase could be,
at least partially, a reflection of the changes currently
affecting the demographic composition of Spanish work-
force, i.e. decreasing rates of men, blue collar occupations
and ageing of the working population [14]. In the case of
overweight workers, the trend seems to be more stable,
with even a slight reduction in the prevalence rate [14].

The finding of positive associations between obesity
and increased incidence of non-work-related SA in both
subjects with healthy and unhealthy phenotypes
(although more intensive in the latter) could be due to
multiple mechanisms [22e27]. The increased car-
diometabolic risk associated with obesity would be the
Table 2 Distribution of metabolically unhealthy phenotype and its compo

Variable na <18.5
Kg/m2

1
K

Unhealthy metabolic phenotype 15 179 0.1 1
Fasting glycaemia �110 mg/dL, prior type I or
type II diabetes diagnosis, or antidiabetic
treatment

7440 0.8 2

Hyperlipidaemia: triglycerides �150 mg/dL or
lipid-lowering therapy

30 648 1.9 7

HDL-cholesterol <40 mg/dL (males)/<50 mg/dL
(females)

28 946 6.5 9

Blood pressure �130/85 mmHg, or prior
hypertension diagnosis, or antihypertensive
treatment

62 586 8.7 2

Waist circumference >102 cm (males)/>88 cm
(females)

27 669 0.2 1

a n: number of subjects meeting the criteria in the sample of 173 120 w
b Chi-squared test.
only factor among a wide variety of potential pathogenic
mechanisms. Healthy obese subjects show higher odds of
mobility limitation and disability than healthy normal-
weight subjects [21]. In fact, a fourfold increase in the
risk of suffering work-disabling musculoskeletal pain has
been reported for workers who are overweight or obese
[22]. This association could be explained by overload on
bones, joints and soft tissues, which predispose individuals
to musculoskeletal injuries [23]. In addition, obesity and
mental disorders such as depression are often comorbid
conditions [24]. Both obesity and depression are risk fac-
tors for one another and reciprocally modulate prognosis
and treatment outcomes [24]. An increase in the preva-
lence of cardiovascular risk factors has been widely
described for obese subjects [25]. Finally, obesity has been
previously related to numerous types of cancer [26].
Overall, our findings are consistent with those reported in
other studies that suggest that the functional conse-
quences of obesity could precede metabolic disturbances
[21,27].

There is an urgent need for the design and imple-
mentation of efficient measures for fighting against
obesity in the workplace, especially considering the pre-
viously described increase in its prevalence [14]. When
BMI is in the range of overweight or obese or there is a
nents in a sample of 173 120 workers, by body mass index (BMI) range.

8.5e24.9
g/m2

25e29.9
Kg/m2

30e34.9
Kg/m2

35e39.9
Kg/m2

�40
Kg/m2

Total p-valueb

.0 7.7 28.4 44.0 46.1 8.8 <0.001

.2 6.5 14.6 20.9 24.7 6.2 <0.001

.5 21.9 34.1 38.2 34.4 17.7 <0.001

.8 19.0 28.2 34.6 38.8 16.7 <0.001

1.2 42.7 58.9 68.3 69.3 36.2 <0.001

.4 12.0 57.5 87.3 87.5 16.0 <0.001

orkers.



Table 3 Incidence of sickness absence during 1-year follow-up in a sample of 173 120 workers, by body mass index (BMI) range and metabolic
phenotype (metabolically healthy vs. unhealthy).

Body Mass Index n All-causes sickness absence Non-work-related sickness absence Work-related sickness absence

Number of workers
with at least 1
sickness absence
episode

%a p-valueb Number of workers
with at least 1
sickness absence
episode

%a p-valueb Number of workers
with at least 1
sickness absence
episode

%a p-valueb

Overall sample
<18.5 Kg/m2 2324 140 6.0 <0.001 128 5.5 <0.001 19 0.8 <0.001
18.5e24.9 Kg/m2 73 459 5017 6.8 4243 5.8 976 1.3
25e29.9 Kg/m2 68 509 5472 8.0 4305 6.2 1410 2.1
30e34.9 Kg/m2 22 684 1908 8.4 1473 6.5 553 2.4
35e39.9 Kg/m2 4916 513 10.4 414 8.4 136 2.8
�40 Kg/m2 1228 126 10.3 112 9.1 22 1.8
Total 173 120 13 176 7.6 10 675 6.2 3116 1.8
Metabolically healthy
<18.5 Kg/m2 2322 140 6.0 <0.001 128 5.5 <0.001 19 0.8 <0.001
18.5e24.9 Kg/m2 72 692 4944 6.8 4193 5.8 947 1.3
25e29.9 Kg/m2 63 262 4986 7.9 3929 6.2 1284 2.0
30e34.9 Kg/m2 16 252 1333 8.2 1034 6.4 380 2.3
35e39.9 Kg/m2 2751 300 10.9 237 8.6 86 3.1
�40 Kg/m2 662 62 9.4 55 8.3 9 1.4
Total 157 941 11 765 7.4 9576 6.1 2725 1.7
Metabolically unhealthy
<18.5 Kg/m2 2 0 e 0.454 0 e 0.035 0 e 0.283
18.5e24.9 Kg/m2 767 73 9.5 50 6.5 29 3.8
25e29.9 Kg/m2 5247 486 9.3 376 7.2 126 2.4
30e34.9 Kg/m2 6432 575 8.9 439 6.8 173 2.7
35e39.9 Kg/m2 2165 213 9.8 177 8.2 50 2.3
�40 Kg/m2 566 64 11.3 57 10.1 13 2.3
Total 15 179 1411 9.3 1099 7.2 391 2.6
a Incidence: Percentage of workers with at least one sickness absence episode during follow-up among workers in each Body Mass Index

Group.
b Chi-squared test.

Table 4 Total count of sickness absence days associated with episodes initiated during the 1-year follow-up in a sample of 173 120 workers, by
body mass index (BMI) range and metabolic phenotype (metabolically healthy vs. unhealthy).

Body Mass Index All-causes sickness absence Non-work-related sickness absence Work-related sickness absence

Mean Standard deviation p-valuea Mean Standard deviation p-valuea Mean Standard
deviation

p-valuea

Overall sample
<18.5 Kg/m2 23.91 39.10 <0.001 22.95 39.27 <0.001 21.58 22.32 0.251
18.5e24.9 Kg/m2 38.88 79.52 38.32 82.38 33.25 53.64
25e29.9 Kg/m2 44.41 88.84 44.52 92.39 36.41 63.77
30e34.9 Kg/m2 48.34 93.41 47.99 96.58 38.97 67.26
35e39.9 Kg/m2 46.49 93.63 43.18 95.57 43.90 67.65
�40 Kg/m2 42.55 61.88 40.51 58.09 37.45 50.55
Total 42.72 85.77 42.18 88.60 36.12 61.38
Metabolically healthy
<18.5 Kg/m2 23.91 39.10 <0.001 22.95 39.27 <0.001 21.58 22.32 0.524
18.5e24.9 Kg/m2 38.86 79.58 38.31 82.39 33.27 53.79
25e29.9 Kg/m2 43.62 87.85 43.36 90.71 36.69 65.40
30e34.9 Kg/m2 46.17 94.11 45.22 95.96 38.92 70.38
35e39.9 Kg/m2 39.39 73.49 35.66 74.22 39.13 55.35
�40 Kg/m2 41.89 63.21 40.24 61.66 42.67 58.24
Total 41.56 84.39 40.87 86.78 35.80 61.83
Metabolically unhealthy
<18.5 Kg/m2 0.699 0.707 0.402
18.5e24.9 Kg/m2 40.26 76.06 39.88 81.92 32.59 49.48
25e29.9 Kg/m2 52.53 98.12 56.65 107.81 33.57 43.90
30e34.9 Kg/m2 53.37 91.65 54.50 97.81 39.08 60.01
35e39.9 Kg/m2 56.49 115.70 53.26 117.76 52.12 84.76
�40 Kg/m2 43.19 61.05 40.77 54.98 33.85 46.66
Total 52.41 96.02 53.66 102.38 38.32 58.19
a One-way analysis of variance (ANOVA).

Estimating the impact of obesity on sickness absence 387
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significant increase in a worker’s BMI, a more detailed
evaluation of the case is recommended, with the purpose
of finding a successful strategy to prevent further
disability [17]. In relation to this, a trial aimed to test the
impact of an intervention program to reduce obesity and
its associated consequences among Danish healthcare
workers has been performed [28]. In this occupational
group, obesity could be an important mediator of SA, as it
may produce relevant limitations for jobs with high
physical workload [26]. However, despite the fact that the
intervention program was able to reduce obesity inci-
dence, the authors did not find any positive effects on
attendance and absenteeism [29]. Health promotion at
work programs could be essential to diminish obesity
epidemics among workers and the resulting impact on
SA; however, there is a need for new high-quality rand-
omised clinical trials to accurately determine the effec-
tiveness of these programs [30].

The main strengths of current study are its prospective
design and the fact that the variables under consideration
were objectively assessed. To our knowledge, this
research is the first to include metabolic phenotype as a
moderating factor for the association between obesity
and SA. In contrast with prior studies, which estimated
weight and height by subjects’ self-reporting, we used
objective and standardised anthropometric measure-
ments, and SA was evaluated from official registers
[4,5,7,8]. In addition, contrary to the studies that focussed
exclusively on specific occupational groups [9], the ICA-
RIA cohort widely represented all occupations, activity
sectors and demographic groups that represent the
Spanish working population [15]. Finally, the current
study considered all types of SA, without focusing
uniquely on a limited group of illnesses [10,11].

Our analysis was also subject to certain limitations,
including the fact that there are large geographical and
cultural differences in relevant variables that affect health
(e.g. low cardiovascular risk countries or Mediterranean
diet); therefore, the results obtained are not generalisable
to the global working population. In addition, our study
did not include all the variables potentially involved in
the association between obesity, metabolic phenotype
and SA (e.g. physical activity) [25].

In conclusion, our results suggest that obesity is
associated with an increase in SA incidence. Furthermore,
metabolic phenotype is also relevant with regard to this,
although cardiometabolic risk does not seem to be a
unique factor involved in such an association. Future
research should delve deeper into the mechanisms un-
derlying the observed increase in SA in patients with a
high BMI, and more importantly, it should facilitate the
design of successful interventions to reduce obesity
incidence and the associated SA among the working
population.
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