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Chapter 1 
 

GENERAL INTRODUCTION 
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Obesity and depression are major public health problems, posing enormous challenges 

for the decades to come. Although the direction of the association between obesity and 

depression remains unclear, their co-occurrence in an individual may have negative 

consequences on work and health. The aims of this thesis were to examine the 

association between obesity and depression, and to examine their separate and 

combined effects on long-term sickness absence, work performance, health-related 

quality of life and health care utilization and costs. This chapter presents the key concepts 

of the thesis, and provides the rationale for studying obesity and depression together in 

relation to work and health outcomes. It also describes the aims, introduces the research 

questions within a conceptual framework, and provides an outline of this thesis.  

 

Definition of obesity  

The World Health Organization (WHO) defines obesity as an abnormal or excessive fat 

accumulation in adipose tissue, to the extent that health may be impaired (1). Obesity is 

recognized as a disease according to the International Classification of Diseases 10th 

Revision (ICD-10) code E66 (2). The pathology of obesity involves a regional distribution of 

adipose tissue, often accompanied by profound changes in physiological function (3). An 

accumulation of adipose tissue around and inside the abdominal organs, called intra-

abdominal obesity, is associated with a higher risk of morbidity and mortality (4,5).  

The most common method used to assess obesity is the body mass index (BMI), 

which is calculated as [(weight in kg)/ (height in m)2]. BMI measurement is a simple, rapid, 

and inexpensive method that can be applied generally to adults in clinical practice and 

research. BMI is significantly correlated with total body fat as well as morbidity and 

mortality. According to the WHO, a state of having a BMI of ≥ 30 kg/m2 is defined as 

obesity, while a BMI of > 25 kg/m2 is overweight. A BMI of 18.5–25 kg/m2 is normal, and 

by definition a BMI of > 25 kg/m2 is abnormal (1). Waist circumference (WC) is an 

alternative measure for obesity, relating both to total fatness and specifically to intra-

abdominal adiposity (6). Having a WC of ≥102 cm for men and ≥88 cm for women is 

defined as abdominal obesity (1, 7). Although the most common causes of obesity are 

overeating and physical inactivity, there is no single cause that can explain all cases of 

obesity. There is general agreement that the etiology of obesity is multifactorial and 

involves genetics, metabolism, environment, behavior and culture (8-11).  
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Global and national burden of overweight and obesity  

Obesity is currently a global health threat, and its prevalence has reached epidemic levels 

(13). Since the 1980s the number of overweight and obese people in the world has more 

than doubled, increasing from about 850 million people to over 2 billion (12). Obesity 

burden projections indicate that by 2030 up to 57.8% of the world’s adult population (3.3 

billion people) could be either overweight or obese (13). In high-income countries, the 

prevalence of obesity ranges from 10% to 30%, highest in the WHO regions of the 

Americas (62% for overweight, and 26% for obesity) and lowest in the WHO region for 

Southeast Asia (14% overweight in both sexes and 3% for obesity)(14). About 3.4 million 

adults die each year as a result of being overweight or obese, and an estimated 35.8 

million (2.3%) of global disability adjusted life years (DALYs) are caused by overweight or 

obesity (1,12). The risk of coronary heart disease, ischemic stroke and type 2 diabetes 

grows steadily with increasing body weight. The WHO estimates that globally  44% of the 

diabetes burden, 23% of the ischemic heart disease burden, and 7% to 41% of certain 

cancer (e.g. breast, colon and prostate) burdens are attributable to overweight and 

obesity. Currently, 52% of the European adult population is considered overweight or 

obese (1). In 2012, Statistics Netherlands reported that 48% of the Dutch adult population 

was overweight, including 12% obese, which costs the nation around 887 million Euro per 

year (15,16).  

 

Definition of major depression   

Major depression, also called major depressive disorder (MDD) or clinical depression 

(both further referred to as depression) is a serious medical condition that affects one’s 

thoughts, feelings, behavior, mood and physical health. Most people occasionally feel 

blue or sad, but these feelings usually go away within a couple of days. When a person 

has a depressive disorder, it interferes with daily life and normal functioning and affects a 

person’s loved ones (17).  

Depression is widely diagnosed using the criteria from the Diagnostic and 

Statistical Manual of Mental Disorders version IV (DSM-IV) of the American Psychiatric 

Association (17). According to these criteria, persons who suffer from depression must 

have at least one of the core depressive symptoms (i.e., either depressed mood or 

diminished interest or pleasure in daily activities) and a total of 5 or more depressive 
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symptoms, such as significantly diminished interest or pleasure in all, or almost all 

activities; significant weight gain, or weight loss when not dieting, or decrease or increase 

in appetite; body agitation or retardation; tiredness or  loss of energy; trouble falling 

sleep or sleeping too much; feelings of worthlessness or excessive guilt, recurrent 

thoughts of death, recurrent suicidal ideation or a suicide attempt. These symptoms need 

to be present most of the day, nearly every day, for at least two weeks and must cause 

clinically significant distress or impairment in social, occupational, or other important 

areas of functioning (17).  

Depression is in its manifestation and etiology a heterogeneous disease (18). The 

depressive episode may occur only once in a person's lifetime, better known as major 

depressive disorder-single episode (MDD-S) or it may recur throughout a person's life, 

better known as major depressive disorder-recurrent episode (MDD-R) (17). This 

heterogeneous clinical feature of depression makes the disease more challenging to 

understand (19). The general scientific understanding is that depression does not have a 

single cause but arises from multiple factors. A person’s life experience, genetic 

inheritance, age, sex, hormone changes, substance use and other illnesses can all play 

significant roles in the development of depression (20-32). In spite of this heterogeneity, 

however, research on depression is most often monodisciplinary. Research that crosses 

boundaries between disciplines (e.g. Psychiatry and Bariatrics) is limited, a fact which 

precludes an integrated understanding of depression. 

 

Global and national burden of depression 

The Global Burden of Disease analyses of the WHO showed that depression is worldwide 

the third leading cause of disability at all ages and takes the first place in middle- and 

high-income countries. By 2030, depression is even expected to rank first in disease 

burden in the high-income countries (18). The average lifetime and 12-month prevalences 

of MDD are 14.6% and 5.5% in high-income and 11.1% and 5.9% in low- to middle-income 

countries (33). In the general US population, the lifetime incidence of MDD is 16% (34). 

Antidepressant medication (ADM) is currently one of the most commonly prescribed 

classes of medication in outpatient medical practices in the US (35). In the Netherlands, 

the average lifetime and 12-month prevalences of MDD are 17.9% and 5%, respectively. 

The Netherlands ranked third out of the ten high-income countries included in the survey: 
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France, the United States, the Netherlands, New Zealand, Belgium, Israel, Spain, 

Germany, Italy and Japan (33). The average age of onset was 25.7 years in high-income 

and 24.0 years in low-to middle-income countries (33).  

 

Obesity and depression 

As indicated earlier, both obesity and depression are widespread problems with major 

public health implications. Although research is less advanced in understanding the 

relationship between obesity and depression, recent studies suggest that the two may be 

bi-directionally linked (36,37). Data from the National Health and Nutrition Examination 

Surveys, 2005–2010 showed that 43% of US adults with depression were obese, and 

adults with depression were more likely to be obese than adults without depression (38). 

Body image dissatisfaction, weight-related stigma and discrimination, and emotional 

eating are the proposed underlying mechanisms linking obesity and depression (39). 

When a person is under sustained stress or depression, he/she may use food as a primary 

coping strategy for emotion regulation, which may in turn lead to obesity (40-42). Grenon 

et al showed that one third of obese women with binge eating problems had a current 

depressive disorder and two thirds had a lifetime depressive disorder (40). The 

Hypothalamic–Pituitary–Adrenal (HPA) Axis is another possible mechanism linking 

depression and obesity. The HPA axis is a part of the nervous system which excretes a 

variety of hormones and keeps body chemicals balanced. It releases cortisol to counteract 

the effects of distress or depression (43,44). The resulting high blood level of cortisol may 

decrease insulin sensitivity and raise fat deposits around the waistline. Cortisol is also 

involved in promoting differentiation and proliferation of human adipocytes, which have 

been shown to be positively associated with an increased risk of BMI and abdominal 

obesity (43-45). However, despite efforts to explore the complicated psychological and 

physiological links between obesity and depression, the direction of the association is as 

yet unclear. Prospective studies may help to disentangle this direction of association.  

 

Why is it important to study obesity and depression together?  

Obesity and depression often coexist, and both can affect an individual’s health and 

productivity. We examine in this thesis the combined or joint effects of obesity and 

depression on work and health outcomes for several reasons. First, obesity and 
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depression are prevalent health problems nationally and globally (1,13,34,46). Second, 

both problems are major risk factors for common chronic diseases including diabetes II, 

cardiovascular diseases, chronic kidney disease and cancer, and they are also associated 

with disability and premature death (13,34,47). Third, obesity and depression often co-

occur and are inter-related (36,37). Growing evidence indicates that inflammation may 

play a significant role in the potential relationship between these two conditions (47-50). 

Fourth, studies have found a modest overlap in the genetic risk factors that increase 

liability to both obesity and depression (51-53). It seems that the two may have a 

common etiology or triggering mechanisms, which make them valuable to examine. Fifth, 

treatment for obesity has been found to actually exacerbate depression, and vice versa. 

For example, obesity treatments such as dieting may worsen mood in general, and 

particularly if there is repeated failure. This may lead to depression and suicidality (54). 

Conversely, some pharmacological treatments for depression have obesogenic effects 

(weight gain), e.g. Fluoxetine, Sertraline, Citalopram (55).  

Despite all these facts, obesity and depression have mostly been treated as two 

independent conditions and research fields, and their potential synergistic effect on 

adverse work and health outcomes has not been considered. This hampers an integrated 

understanding of obesity and depression, and until now may even have contributed to 

the low success rates in prevention and management of obesity and depression. Some 

advanced efforts have been made to identify important risk factors for obesity and 

depression, but in the past three decades no national success stories have been reported, 

especially for obesity (12).  

 

How to study obesity and depression together?  

The relationship between obesity and depression is complex, and neither one solely 

surpasses the other in its effect on work and health outcomes. Therefore, the two 

conditions should best be assessed simultaneously to explore the effects of their 

interaction on outcomes of work and health. In terms of their interaction effects on the 

risk of adverse outcomes, obesity and depression may augment or reduce the effect of 

one another. If obesity and depression exacerbate a shared pathway, we expect to 

observe substantially elevated risks in people with both exposures.  
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Two exposures of interest on a certain outcome can be assessed by statistical 

interaction on the additive scale using measures such as the Synergy Index (SI), the 

relative excess risk due to interaction (RERI) and the attributable proportion (AP) (56,57). 

Statistical interaction on the additive scale is relevant to disease prevention and 

workplace health promotion programs for vulnerable workers. It indicates whether the 

joint effect of two risk factors on the outcome is larger or smaller than the sum of the 

separate effects. If the joint effect of obesity and depression is larger than the sum of 

individual effects on a certain outcome, this will indicate whether intervening in either 

obesity or depression would be more beneficial than intervening in both conditions; this 

knowledge may in turn have public health and economic implications. Especially in 

resource-limited settings, it would help to identify the vulnerable subgroup of individuals 

for whom intervening on a certain exposure would have the largest effect. Even in 

settings with unlimited resources a particular intervention that is beneficial for some 

individuals could be harmful for others. Hence, the effects of potential interactions 

between obesity and depression on work and health outcomes warrant detailed 

investigation in the working and general population.  

 

Effects of obesity and depression on work 

Given the deleterious effects of obesity and depression on health, they are also likely to 

have negative consequences for work. A healthy and productive workforce is critical for 

economic success and general well-being. Health-related productivity loss arises from two 

sources: absenteeism and presenteeism (58-60). Absenteeism refers to an employee’s 

time away from work due to health conditions, also known as sickness absence (58). 

Presenteeism refers to being present at work, but impaired in some aspects of job 

performance by a health problem, implying hidden costs for employers (59). Absenteeism 

and presenteeism are increasing problems in aging workforces and have enormous cost 

implications for individuals, companies and society as a whole (61,62). The rapid 

worldwide rise of obesity and its frequent co-occurrence with depression have prompted 

recent evaluations of the extent of their burden on work productivity.  

Long-term sickness absence  

Long-term sickness absence (LTSA) is an important negative work outcome and has in 

recent years received considerable scientific and political attention in many European 
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countries. It is also a public health risk marker for morbidity and mortality, and an 

economic risk marker for disability pensioning (63,64). In the Netherlands, sickness 

absence, particularly of more than 2 consecutive weeks, costs almost €20 billion annually 

(65).  

Overweight, obesity and psychological distress can contribute to LTSA. Increased 

medical problems such as musculoskeletal disorders, osteoarthritis, rheumatoid arthritis, 

carpal tunnel syndrome and mobility restrictions associated with obesity can have a direct 

impact on psychological well-being, leading to clinically significant distress or depression 

(41,54). Attempts to control weight are also challenging and distressing, and repeated 

failure of attempts to lose weight may lead to clinically significant distress (54), which may 

in turn result in more excess weight. Such psychological difficulties combined with being 

overweight can increase the risk of LTSA among employees. However, most studies have 

considered overweight and distress separately without taking into account the potential 

synergy in their impact on LTSA.   

 

Work performance impairment  

Work performance impairment (WPI) is another important work outcome. WPI refers to 

the reduction of performance at work because of physical health or emotional problems 

(66). It is an increasing problem in aging workforces and has enormous societal 

implications because a large proportion of individuals with health problems remain at 

work. Earlier cross-sectional studies showed that depression is associated with high WPI 

(67,68), and accounts for the majority of  economic costs of productivity loss due to 

presenteeism. A review by Schultz et al showed that the percentage of these total costs 

ranged from 27% to 81% (59). More severe depressive symptoms were associated with 

more work limitations, while poor clinical improvement was related to a reduction in 

work productivity (69). Higher body weight and excessive visceral fat were similarly 

associated with productivity loss (70-72).  

Obesity and depression can impair work performance and reinforce each other. 

Obese persons have a higher risk of developing depression over time and vice versa (36). 

Obesity and depression are also associated with risks of other adverse health conditions 

(13,34). Therefore, it would seem that employees suffering simultaneously from obesity 
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and depression are at greater risk of high WPI than those with only obesity or only 

depression. However, evidence regarding this combined effect is lacking.  

 

Effects of obesity and depression on health-related quality of life  

Health-related quality of life (HR-QoL) refers to an individual's subjective perception of 

both positive and negative aspects of life as influenced by his health status (73). It 

indicates the person’s sense of well-being and ability to perform social roles including the 

work-role. HR-QoL has gained increasing interest as an outcome measure in clinical 

medicine and public health settings. As HR-QoL measures elucidate patients’ overall sense 

of well-being and perception of their own health status, they can be considered as 

adjuvant to healthcare services and outcome assessment for many chronic conditions 

including obesity and depression (74). They may also help to identify specific and general 

health needs and guide public health policy.  

Previous studies have shown that obesity and depression have a negative impact 

on HR-QoL (75,76). As obesity and depression also have an earlier age of onset than other 

chronic conditions, their cumulative long-term effect on HR-QoL could be substantial. 

Moreover, the two conditions affect each other and can lead to poorer HR-QoL. This 

suggests that persons with both obesity and depression may have poorer HR-QoL than 

persons with only one of the conditions. However, to date, little is known about the 

potential combined effects of the two on poor HR-QoL, especially in the general 

population. Such knowledge would be a valuable contribution to that currently offered by 

traditional medical and clinical measures.  

 

Effects of obesity and depression on health care utilization and costs  

The obesity epidemic is responsible for over one-fourth of the spiraling growth of US 

healthcare costs in the past two decades (77). By 2030, obesity is projected to affect 50% 

of the US population, and account for 16% to 18% of total healthcare expenditures (78). 

Having a BMI of greater than 30 and 40 has been associated respectively with 50% and 

100% increases in health care costs per capita (79,80). Obesity is also consistently 

associated with high health care utilization (HCU), such as use of primary and specialized 

care, and hospitalization (79-81).  
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Higher incidences of depressive and anxiety disorders and their comorbid somatic 

conditions (9,82-84) can lead to increased service use and costs in the health care system. 

Earlier studies showed that one in three adult primary care patients has a full or 

subclinical depressive disorder (85,86). Depression is also associated with a 50 to 75% 

increase in health care costs per capita (87).  

Both obesity and depression can increase HCU and impose large and increasing 

health care costs on society. Both conditions are tied to health risks like diabetes and 

heart diseases, and being obese may increase patients' risk of depression and vice versa 

(36). This suggests that one condition exacerbates the other, thereby increasing HCU and 

associated costs of care. Thus, persons suffering from both obesity and depression are 

more likely to consume more health care resources compared to those suffering from 

either condition alone. It is, therefore, important to examine over time the effect of these 

two factors on high HCU and costs and to estimate to what extent their combined effect 

differs from their separate effects. Such research will help to identify cost drivers and 

provide some explanation for the observable increases in total health care costs in the 

Dutch population.  

 

Aim of the thesis and research questions  

The aims of this thesis were to examine the direction of the association between obesity 

and depression, and to examine their separate and combined effects on long-term 

sickness absence, work performance impairment, health-related quality of life, and health 

care utilization and costs. The conceptual model of the thesis is shown in Figure 1. Six 

main research questions, listed below, were formulated based on the overall aim of the 

thesis.  
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Figure 1: Conceptual model about the examined relationships  

 

 

 

 

 

 

 

 

 

 

 

 

Research question 1:  

What is the direction of the association between obesity and depression? Does single or 

recurrent episode matter? (Chapter 2) 

Research question 2:  

Is there a joint association between overweight and distress with long-term sickness 

absence? If yes, is this joint association greater than the sum of the separate associations 

of overweight and distress with long-term sickness absence?  (Chapter 3) 

Research question 3:  

Is obesity associated with work functioning? And what role do working-time 

arrangements play in this association? (Chapter 4) 

Research question 4:  

Are obesity and depression longitudinally associated with an increased risk of high work 

performance impairment? Is the joint association of obesity and depression greater than 

the sum of the separate associations of obesity and depression with high work 

performance impairment? (Chapter 5)  

Research question 5:  

Are obesity and depression or anxiety associated with poorer health-related quality of life 

in the general population compared to obesity alone and depression or anxiety alone?  

(Chapter 6) 
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Research question 6:  

Does obesity along with depression or anxiety lead to higher health care use and costs 

compared to obesity alone and depression or anxiety alone? (Chapter 7)  
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Data sources and measures  

To answer the research questions we used several data sources with cross-sectional and 

longitudinal design across different population groups. Table 1 provides a brief overview 

of the data sources, design, core variables and measures by chapter.  

 

Table 1: Overview of the data sources, design, core variables and measures in this thesis  

Data 
source 

Study design  Core variables  Measure Role in analysis  Chapters  Way of 
measurement  

PREVEND  Prospective Obesity BMI  Independent 
and dependent  

2  Objectively 
measured 

Depression  CIDI Independent 
and dependent 

2 
 

Interview 

ArboNed-
client 
records  

Cross-
sectional  

Overweight/ 
Obesity 

BMI  Independent  3 Self-reported  

  Distress  4DSQ  Independent 3 Self-reported 
  LTSA  Item Dependent 3 Self-reported  

Shift your 
work-
study 

Cross-
sectional 

Overweight/ 
Obesity 

BMI  Independent  4 Self-reported  

WF WRFQ Dependent 4 Self-reported 

NESDA 
 

Prospective/ 
Longitudinal  

Obesity  BMI and WC Independent 5 and 7 Objectively 
measured 

Depression CIDI  Independent  5 and 7 Interview 

WPI  Tic-P Dependent 5 Self-reported 

HCU Tic-P Dependent 7 Self-reported 

LifeLines Cross-
sectional 

Obesity  BMI and WC Independent 6 Objectively 
measured 

Depression MINI Independent 6 Interview 
HR-QoL RAND-36 Dependent 6 Self-reported 

Note: PREVEND: Prevention of renal and vascular end stage diseases; BMI: Body Mass Index; CIDI: Composite 
International Diagnostic Interview; LTSA: long-term sickness absence; 4DSQ: Four-dimensional Symptom 
Questionnaire; WF: Work functioning; WRFQ: work-role functioning questionnaire; NESDA: Netherlands study of 
depression and anxiety; WPI: work performance impairment; HCU: health care utilization; WC: Waist 
circumference; Tic-P: Questionnaire for costs associated with illness; HR-QoL; Health-related quality of life; MINI: 
Mini-International Neuropsychiatric Interview; RAND-36: RAND 36-item medical outcomes survey.  
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Outline of the thesis  

This thesis consists of eight chapters, including this general introduction. In Chapter 2 we 

examine the prospective association between obesity and depression and whether 

depression subtypes have different effects on obesity or vice versa. In Chapter 3 we 

assess the separate and joint associations of overweight and distress with long-term 

sickness absence among Dutch employees. In Chapter 4 we examine the association of 

overweight and obesity with work functioning, and whether these associations differ 

between workers with different working-time arrangements (i.e. day workers, on call 

workers and shift workers). In Chapter 5 we investigate the longitudinal joint effect of 

obesity and depression at a given point in time on high work performance impairment 

during a 6-year follow-up period in the Netherlands study of depression and anxiety. We 

also examine whether the joint effect of obesity and depression on high work 

performance impairment is greater than the sum of their separate effects. In Chapter 6 

we examine the combined effects of obesity and depression/anxiety on health-related 

quality of life in a large population-based cohort study, the LifeLines cohort study. In 

Chapter 7 we examine the separate and joint longitudinal associations of obesity and 

depression/anxiety with high health care utilization and costs in the Netherlands study of 

depression and anxiety. In Chapter 8 we provide a general discussion of the research 

findings in a broader context, give extensive treatment of related methodological issues, 

and explore directions for future research and implications for clinical practice. 
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ABSTRACT 

Background:  Obesity and major depressive disorder (MDD) are important public health 

problems. MDD is a heterogeneous disorder and the direction of its association with 

obesity remains unclear. Evidence grows that recurrent MDD (MDD-R) differs in etiology 

and prognosis from single episode MDD (MDD-S), which could affect associations with 

obesity. However, evidence on this differential effect is lacking. The aim of this study was 

to examine the direction of the association between obesity and MDD, single or recurrent 

episode. 

Methods: A longitudinal study was performed in a cohort of 1094 participants of the 

PREVEND study, on whom data were collected at baseline and at an average 2-year 

follow-up. MDD-S and MDD-R were assessed by the Composite International Diagnostic 

Interview (CIDI 2.1). Obesity was defined as Body Mass Index ≥ 30 kg/m2. Binary logistic 

regression analyses were conducted to examine whether obesity predicts MDD-S/MDD-R 

or vice versa, adjusted for potential confounders. 

Results: Prospective analyses showed that BMI at baseline was associated with the onset 

of MDD-R (Odds ratio, OR = 1.32; 95% confidence interval, 95%CI: 1.11; 1.57) during 2-

year follow-up, but not with the onset of MDD-S (OR = 0.98; 95%CI: 0.89; 1.07). Obesity at 

baseline was not associated with the onset of MDD-S during follow-up (OR = 0.75; 95%CI: 

0.25; 2.30), but associated with the onset of MDD-R during follow-up (OR = 11.63; 95%CI: 

1.05; 128.60). Neither MDD-S nor MDD-R were associated with the development of 

obesity during 2-year follow-up (OR = 1.67, 95%CI: 0.64; 4.29 and OR = 2.32, 95%CI: 0.82; 

6.58, respectively). 

Conclusions: Our findings add to the available evidence that obesity might specifically be 

associated with the onset of multiple episodes of major depression (MDD-R). Although 

the reverse association was not found, MDD-R tends to be also associated with 

subsequent development of obesity, but larger studies are needed to fully assess this 

issue. The heterogeneity of MDD should be considered when examining the effect of 

obesity on MDD. 
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BACKGROUND 

Obesity and major depressive disorder (MDD) have been recognized as major public 

health problems (1,2). Both obesity and MDD increase the risk of adverse health 

outcomes, such as diabetes II, cardiovascular diseases and premature death (3). Notably, 

depression is expected to rank first in disease burden in developed countries by 2030 (2). 

The lifetime incidence of major depression is about 16% in the US general population (4). 

Furthermore, antidepressant medication (ADM) is currently one of the most commonly 

prescribed classes of medication in outpatient medical practices in the US (5). The 

prevalence of obesity has tripled concurrently with the rate of depression in many 

countries of the World Health Organization (WHO) European Region since the 1980s, and 

continues to rise at an alarming rate (1,6). 

Obesity and depression often co-occur in cross-sectional studies (7-12). To date, 

the direction of the association between obesity and depression is not clearly established, 

though a meta-analysis and several longitudinal studies have been conducted (13-18). The 

meta-analysis suggested a bidirectional association between obesity and depression even 

though only 8 studies were included (16). In addition, a systematic review of primarily 

cross-sectional studies showed a weak association between obesity and depression (18). 

Two longitudinal studies suggested that obesity was associated with depression at 1 and 

5-year follow-up (17,19); one also assessed whether depression predicted obesity, but did 

not find such an association (19). A recent prospective study among 65,595 female nurses 

in the US showed bidirectional associations between obesity and depression (20). It is 

questionable, however, whether these findings can be generalized to the general 

population. Finally, a Canadian study suggested that obesity had a protective effect 

against depression during 12-year follow-up (14). 

Overall, the direction of the association between obesity and depression remains 

unclear. The inconclusive results could stem from the use of different methods to assess 

depression and most of the studies used self-reported measures (9-11,14,17,19-21). Self-

reported measures will increase measurement error and could introduce information 

bias. The use of inadequate time frames for measuring depression could be another 

reason (14). For instance, the Alameda County study in the US and the Canadian study 

(14,17,19), used past month or past two weeks’ time frames, which could classify 

individuals with past year or lifetime depression as non-depressed. This could lead to an 
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underestimation of the association between depression and obesity. Furthermore, 

differences in the study setting could have contributed to the inconsistencies in findings. 

For instance, the association between obesity and depression was more marked in US 

than European populations (10,16,22). 

To our knowledge, no study has yet investigated the associations between obesity 

and major depressive disorder single (MDD-S) versus recurrent episode (MDD-R). The 

distinction may be important because one of the challenges in understanding depression 

is the heterogeneity of the disorder (21), with growing evidence that MDD-R differs in 

etiology and prognosis from MDD-S (23-28). MDD-R patients have been shown to have 

longer durations of episodes, more somatic symptoms and poor responses to treatment 

relative to MDD-S patients (23-28). In addition, new episodes of major depression (MDD-

S) are often triggered by stressful life events, whereas MDD-R seems to be mostly due to 

stable risk factors (i.e., obesity) (23-28). Moreover, MDD-R patients have been shown to 

have a chronic exposure to an unhealthy life style and psychological problems including 

emotional eating compared to MDD-S (27). Chronic exposure to these life events may 

result in fluctuation and stronger neural or endocrine responses, which may cause an 

increase in appetite, hypersomnia and lack of coping (27,28). The physiological 

mechanism that could link MDD-R and obesity is the repeated activation of hypothalamic 

pituitary adrenal (HPA) axis (29,30). This chronic activation of the HPA axis is associated 

with inflammation and glucocorticoid signaling, where the glucocorticoids have been 

shown to promote deposition of fat by impairing the insulin activity (31). Glucocorticoids 

are also involved in promoting the differentiation and proliferation of human adipocytes 

and have been shown to be positively associated with all indices of obesity such as 

elevated body mass index and an increased abdominal fat (29-31). Therefore, these 

mechanisms suggest that MDD subtypes could have a different effect on obesity; but to 

date, evidence supporting this differential effect is lacking. 

The aim of this study was therefore to examine whether obesity was a risk factor 

for the onset of either MDD-S or MDD-R and vice versa. The study was performed in a 

longitudinal general population cohort. 
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METHODS 

Study population and procedure 

The study was performed in a cohort derived from the longitudinal PREVEND (Prevention 

of REnal and Vascular ENd stage Diseases) study, a Dutch population-based cohort study 

at the University Medical Center Groningen that investigates risk factors for renal and 

cardiovascular disease (32). In 1997, all the inhabitants of the city of Groningen aged 

between 28 and 75 years (N = 85,421 subjects) were asked to send a morning urine 

sample and a demographic history. A total of 40,856 subjects (47.8%) responded. After 

exclusion of subjects with insulin dependent diabetes mellitus and pregnant women, all 

subjects with an elevated urinary albumin concentration of > =10 mg/l (N = 7768) along 

with a randomly selected control group with a urinary albumin concentration of <10 mg/l 

(N = 3395) were invited for further investigation (total N = 11,163). Finally, 8592 subjects 

completed the whole screening programme, forming the PREVEND baseline sample (32). 

The selection of subjects for the present study was aimed at recruiting a 

representative sample of the general population of Groningen, while simultaneously 

rectifying PREVEND’s oversampling for albuminuria. Albuminuria negative participants 

were combined with a random sample of albuminuria positive participants until a 

population representative ratio was achieved. Research assistants approached 2554 

PREVEND participants during their visit to the out-patient clinic during follow-up. 

Questionnaires were completed by a total of 1094 PREVEND participants. There were no 

significant differences in age and gender between PREVEND participants who agreed or 

refused to participate in the present study. We have computed the minimum sample size 

required a priori for both depression and obesity as an outcome, using assumptions that 

have been derived from the results of the US Alameda County study (17). We took the 

incidence of depression in the obese group (p1) as 13.5%, and in the non-obese group 

(p2) as 7%, and set the probability of a type I error (α) and a type II error (β) as 0.05 and 

0.2, respectively. The total sample size required for this was N = 682 subjects. For obesity, 

we took the incidence of obesity in depressed group (p1) as 31.2%, and in the non-

depressed group (p2) as 19.1% based on the results of the Alameda County Study (17), 

and set the probability of a type I error (α) and a type II error (β) as 0.05 and 0.2, 

respectively. The total sample size required for this was N = 402 subjects. 
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The baseline measurement for the present study among 1094 PREVEND 

participants took place in 2002/ 2003, the follow-up measurement between 2004 and 

2006, and were completed by a total of 964 participants (88%). The study was approved 

by the Medical Ethics Committee of the University Medical Center Groningen and was 

conducted in accordance with the guidelines of the Declaration of Helsinki. Written 

informed consent was obtained from all participants. 

 

Measurements 

Obesity 

Body mass index (BMI) at baseline and follow-up was derived from the information 

collected on height and weight. After removal of shoes and heavy clothing, weight was 

measured to the nearest 0.5 kg using a single scale. Height was measured to the nearest 

0.5 cm. The Body Mass Index (BMI) was calculated as weight (kg) divided by height 

(metres) square. In the analyses, BMI was used both as a continuous variable and as a 

dichotomized variable. BMI was dichotomized based on World Health Organization 

(WHO) criteria as <30 kg/m2 (non-obese) and ≥30 kg/m2 (obese) (1). We took a 2-year 

period between measurements as this is the average time period needed to detect MDD-

R and to detect clinically relevant changes in BMI (20). 

 

Major Depressive Disorder  

Major Depressive Disorder (MDD) was assessed by the Composite International 

Diagnostic Interview (CIDI 2.1). The CIDI is a structured clinical interview and diagnoses 

according to definitions and criteria of the fourth edition of the American Psychiatric 

Association's Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). The CIDI 

contains questions directly corresponding to the symptoms of axis I psychiatric disorders 

listed in the DSM-IV. It translates the criteria of DSM-IV into questions that could be 

readily and reliably answered by the general population. For example, ‘In the past 12 

months, have you had two weeks or longer when nearly every day you felt sad or 

depressed for most of the day?’, and ‘In the past 12 months, have you had two weeks or 

longer when you lost interest in most things like work or social activities you usually 

enjoyed?’ The participant was asked to answer the questions with yes or no. The 

questions each describe a criterion for a diagnosis to be made. Responses to these 
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questions are put together by computer algorithms ─ first to assess each criterion, and 

then to combine criteria into diagnoses. 

At baseline, participants first completed the CIDI lifetime version to assess if a 

respondent sufficed the criteria for a lifetime MDD diagnosis. At 2-year follow-up, 

participants were interviewed and completed the 12-month CIDI version. We also used 

the lifetime interview information collected at baseline to make a diagnosis of depressive 

episodes in the past 12 months, and to determine whether such an episode during the 

preceding 12 months was a first episode or a recurrent episode, depending on the 

outcomes of the lifetime part of the baseline interview. We did the latter because the 

respondents sometimes forget their previous episode and report as a new episode. In the 

CIDI 12-months version, age of onset or recency (time since last depressive episode or 

being in remission) was recorded, which helps to assess episode changes during follow-

up. The participants were asked to indicate the recency or remission: less than a month 

ago, between one and 6 months ago, between 6 and 12 months ago and over 12 months 

ago retrospectively. The interview was conducted by CIDI- trained interviewers (e.g. 

graduate students, clinicians, postdocs etc.) under the supervision of clinicians. All 

interviews were recorded to enable periodic checks on consistency and quality. 

MDD-S was defined, following the DSM-IV, as the presence of a single major 

depressive episode, which was characterized by the presence of five or more symptoms 

during a 2-weeks’ period and by symptoms causing problems in social interactions, work 

and functioning; at least one of the symptoms is either feelings of sadness or lack of 

interest or pleasure for most of the day or nearly every day, along with other symptoms 

such as poor appetite, difficulty sleeping, feelings of worthlessness or guilt, decreased 

energy, and thoughts of death. These symptoms, however, should not be due to the 

direct physiological effects of a substance or general medical condition; or else accounted 

by bereavement to be diagnosed as major depressive episode. 

MDD-R was defined, following the DSM IV, as the presence of two or more major 

depressive episodes within 2 years (34). To be considered as separate episodes, there 

must be an interval between episodes of at least two consecutive months in which the 

criteria for a major depressive episode are not met. A new diagnosis of MDD-R during 

follow-up was made by comparing the findings from the CIDI lifetime interview with those 

of the 12-months version. To confer major depressive disorder as the most likely 
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diagnosis, other potential diagnoses were excluded, including dysthymia, which is a 

milder mood disturbance in which a person reports a low mood almost daily over a span 

of at least two years and additional symptoms such as hopelessness and loss of self-

esteem. To be considered dysthymia, the depressive episodes must not have occurred in 

the first 2 years (DSM-IV). 

 

Potential confounders 

Demographic factors such as age, sex, marital status, level of education, frequency of 

exercise per week and smoking were included as confounders because these were 

reported to have an association with both obesity and major depression 

(3,7,14,16,20,33,35). Age (measured in years), sex, marital status (never 

married/widowed/divorced/separated and married/living together), level of education 

(high, middle, low level and not applicable), frequency of exercise (do not exercise/hardly 

per week, once per week and twice or more per week), and smoking status (yes or no) 

were assessed at baseline. 

 

Statistical analyses 

First, we described the characteristics of the cohort using means, proportions and 

standard deviations. Second, we assessed the association between baseline sample 

characteristics and sex. Differences in means and proportions were tested by Student’s t-

tests and chi-square tests, respectively. Third, binary logistic regression analyses were 

used to examine the association of baseline obesity with the diagnosis of MDD-S during 

follow-up, participants who had a prior history of MDD at baseline were excluded. Then, 

to examine the association between obesity and a new diagnosis of MDD-R at follow-up, 

we excluded participants who had a lifetime MDD diagnosis at baseline because we were 

interested in new cases of MDD-R and because the lifetime history of a major depressive 

episode is a well-known risk factor for persistence of MDD (27). There were no 

differences in sociodemographic characteristics (i.e. sex, income, and education) and BMI 

(mean BMI =26.1 vs. 26.5, P > 0.05) between included and excluded individuals. Fourth, to 

assess the association of MDD-S/MDD-R with the subsequent development of obesity, we 

used binary logistic regression analysis. Participants who were obese at baseline were 

excluded from analyses (19). There were no significant differences in sociodemographic 
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characteristics and in lifetime prevalences of MDD between included and excluded 

individuals. To assess the effect of body weight across its entire range on MDD-S/MDD-R 

and vice versa, we repeated the analyses with BMI as a continuous variable. All analyses 

were adjusted for age, sex, marital status, level of education, frequency of exercise and 

smoking. Interactions between the main exposures and sex were checked by entering 

their interaction terms to the models for each outcome. We also checked any potential 

relationship between BMI and MDD by including BMI and BMI-squared in the models. 

Crude odds ratios (OR), adjusted odds ratios (aOR) and regression coefficients (B) were 

presented with 95% confidence intervals (95%CI) for all analyses. All p values less than 

0.05 were considered statistically significant. Analyses were performed using the 

Statistical Package for Social Sciences version 20.0 (SPSS Inc., Chicago, IL, US). 
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RESULTS 

Baseline characteristics 

The study population consisted of 1094 subjects aged 33 to 79 years. The mean age of the 

participants was 53.1 (SD = 11.4) years. At baseline, the lifetime prevalence for MDD-S 

and MDD-R was 13% and 8%, respectively. The prevalence of obesity at baseline was 17% 

(Table 1). The prevalence of MDD-S and MDD-R among obese individuals was 9% and 

10%, respectively. The prevalence of MDD-S and MDD-R among non-obese individuals 

was 13% and 8%, respectively. 

 

Table 1 Baseline sample characteristics by gender 

N = 1094 Total Males (n = 506) Females (n = 588) χ2 

Age, mean (SD) 53.1(11.4) 53.8(11.6) 52.5(11.1)  

Marital status (% married /living together) 54.6 61.1 49.0 p < 0.05 

Level of education (%)     

High 41.7 41.1 41.9 p >0.05 

Middle 27.1 28.4 26.0  

Low 26.5 25.2 27.5  

Not applicable 4.7 5.0 4.6  

Frequency of exercise     

Do not exercise/hardly 10.6 12.7 8.7 p >0.05 

Once per week 10.2 10.3 10.1  

Twice or more per week 79.2 76.9 81.2  

Smoking (%)     

No 76.1 74.4 77.5 p >0.05 

Yes 23.9 25.6 22.5  

Obesity (BMI ≥ 30 kg/m2) (%) 16.9 15.2 18.4 p >0.05 

MDD-S# (%) 12.5 10.0 14.7 p < 0.05 

MDD-R# (%) 8.2 5.4 10.6 p < 0.05 

MDD-S/MDD-R, major depressive disorder- single/recurrent episode - Statistically significant if p < 0.05; 
#
 16 

(1.5%) individuals had no information available on MDD-S/MDD-R at baseline; SD: Standard deviation. 

 

As shown in Table 1, the prevalence of MDD-S was 10% in males and 15% in females (χ2, p 

<0.02). The prevalence of MDD-R among males was 5% and 11% in females (χ2, p < 0.001). 
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No difference was found in the prevalence of obesity in male (15%) versus female (18%) 

participants (χ2, p < 0.17). 

 

BMI/Obesity as a risk factor for MDD-S/MDD-R 

The mean follow-up time was 2.17 (SD = 0.48) years. The incidence rates of MDD-S and 

MDD-R were 24.5 and 1.9 per 1000 person-years, respectively. As shown in Table 2, BMI 

at baseline was not associated with the onset of MDD-S during follow-up (OR = 0.98; 

95%CI: 0.89; 1.07), but associated with the onset of MDD-R during follow-up (OR = 1.32; 

95%CI: 1.11; 1.57) (Table 2). Obesity (BMI ≥ 30) at baseline was also not associated with 

the onset of MDD-S during follow-up (OR = 0.75; 95%CI: 0.25; 2.30), but associated with 

the onset of MDD-R during follow-up (OR = 11.63; 95%CI: 1.05; 128.60) (Table 2). We 

found no significant interaction between sex and the determinants, and no significant U- 

or otherwise shaped relationship between BMI and MDD. 

 

Table 2 Baseline BMI/obesity and rate of MDD-S/MDD-R at follow-up (N = 964) 

Parameter Major depressive disorder (MDD) 

MDD-S OR (95%CI)(N = 772)a MDD-R OR (95%CI)(N = 886)b 

Body Mass Index (BMI)   

Crude model 0.97 (0.88; 1.07) 1.36 (1.17; 1.59) 

Adjusted Model c 0.98 (0.89; 1.07) 1.32 (1.11; 1.57) 

Obesity (BMI ≥ 30 kg/m2)   

Non obese Ref. Ref. 

Obese (Crude) 0.75 (0.26; 2.20) 15.17 (1.57; 146.98) 

Obese (adjusted) c 0.75 (0.25; 2.30) 11.63 (1.05; 128.60) 

OR: odds ratio; CI: confidence interval; OR of BMI represent the effect of an increase of ‘1’ of the 

BMI; ; MDD-S/MDD-R, major depressive disorder- single/recurrent episode; a: During prospective 

analyses, 192/964 (20%) individuals with a lifetime diagnosis of MDD-S/MDD-R at baseline were 

excluded; b: 78/964 (8%) individuals with MDD-R at baseline were excluded during analysis. c: 

Adjusted for age, sex, marital status, education, exercise and smoking status. 
 

MDD-S/MDD-R as a risk factor for BMI/Obesity 

The incidence of obesity was 19.8 per 1000 person-years during an average 2-year follow-

up. There was no significant association between MDD-S/MDD-R and the subsequent 

increase of BMI during 2-year follow-up (B = −0.37, 95%CI: −1.19; 0.44 and B = 0.45, 
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95%CI: −0.51; 1.41, respectively). There was also no significant association between MDD-

S/MDD-R and the subsequent development of obesity during 2-year follow-up (OR = 1.67, 

95%CI: 0.64; 4.29 and OR = 2.32, 95%CI: 0.82; 6.58, respectively) (Table 3). We found no 

significant interaction between sex and the determinants. Furthermore, at baseline, 8% 

and 17% of individuals had increased appetite and decreased appetite problems during 

their depressive period, respectively. An increased appetite during a depressive period 

was associated with the incidence of obesity during a 2-year follow-up (OR = 1.93, 95%CI: 

1.14; 3.24), but after adjustment for baseline obesity, this association became non-

significant (OR = 1.24; 0.49; 3.11). 

 

Table 3 Baseline MDD-S/MDD-R/Dysthymia and onset of obesity during follow-up 

(N=964) 

Parameter Body Mass Index (BMI) Obesity (N = 849)b 

B (95% CI) Ba (95% CI) OR (95%CI) aORa (95%CI) 

No MDD-S Ref. Ref. Ref. Ref. 

MDD-S −0.51 (−1.27; 0.25) −0.37 (−1.19; 0.44) 1.83 (0.78; 4.32) 1.67 (0.64,4.29) 

No MDD-R Ref. Ref. Ref. Ref. 

MDD-R 0.22 (−0.70; 1.13) 0.45 (−0.51; 1.41) 2.19 (0.82; 5.87) 2.32 (0.82,6.58) 

B: regression coefficient; aOR: adjusted odds ratios; a: adjusted for age, sex, marital status, 

education, exercise and smoking; b: 115/964 (12%) obese individuals at baseline were excluded 

during prospective analysis; MDD-S/MDD-R, major depressive disorder- single/recurrent episode. 
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DISCUSSION 

This longitudinal study showed that obesity was associated with the onset of MDD-R but 

not MDD-S at 2-year follow-up. With regard to the reverse association, neither MDD-S nor 

MDD-R was associated with the subsequent development of obesity during 2-year follow-

up. 

Our finding that obesity was associated with the onset of MDD-R but not of MDD-

S is in line with the findings of a recent meta-analysis (16), the Alameda study in the US 

(17,19) and the US nurse study (20), all of which found that baseline obesity had 

increased odds of depression. However, these studies did not distinguish MDD subtypes. 

The present study suggests that this association was particularly due to one subtype of 

MDD, which could also explain some of the heterogeneity in findings to date. Our findings 

contrast with those of a Canadian study (14), which revealed that obesity was not 

associated with the onset of major depression during 12-year follow-up in women, but 

negatively (protective) associated with major depression in men. This discrepancy could 

result from the methodological differences between the Canadian study and our study. 

The shorter time frame (i.e. the past 2 weeks and 2 months) and the method of 

diagnosing depression in the Canadian study could explain why it did not show an 

association between obesity and subsequent development of major depression. 

We found no association of MDD-S or MDD-R with subsequent development of 

obesity. This finding is in accordance with the Alameda county study in the US, which 

revealed that depression at baseline was not associated with an increased risk of obesity 

during 5-year follow-up (17). In contrast, our finding was not in line with earlier studies 

performed by Pan et al. and Luppinno et al., which reported that depression at baseline 

was significantly associated with future obesity during follow-up (16,20). The study by Pan 

et al. was based on 65,955 US female nurses and measured depression as medication use 

and physician-diagnoses (16), which raise questions regarding generalizability and validity 

(36). In contrast, we had a full general population sample and used standardized 

psychiatric interviews. 

Overall, obesity was associated with experiencing one or more episodes of 

depression (MDD-R), but not with a single episode (MDD-S). An explanation for the 

association of obesity specifically with MDD-R could be related to structural changes in 

the brain that occurred among obese and recurrently depressed people, particularly in 
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the hippocampus where emotions are regulated (37-39). Lower hippocampus volume and 

obesity have been found to co-occur in middle-aged adults (37), perhaps obesity as a low 

grade inflammatory state results in a decreased microstructural integrity in the brain 

(31,40). These structural deformities, specifically lower hippocampal volume, have been 

observed in individuals with MDD-R as compared to individuals with MDD-S in a single 

study that systematically compared first episode and recurrently depressed patients (39). 

Therefore, the association between obesity and MDD-R could be related to structural 

changes in the brain. 

Moreover, the association between obesity and MDD-R could also be explained in 

terms of their onset (etiology) and the triggering mechanisms (24,26). The dynamic-

stress-vulnerability and kindling hypotheses state that new episodes of major depression, 

i.e. MDD-S, are triggered by stressful life events, whereas MDD-R are triggered relatively 

more by stable risk factors (24,25). Essentially, multiple episodes indicate that the brain 

has become desensitized to further stressful events (24), and stable factors like obesity 

could contribute to the development of recurrent depression. 

In contrast, we did not observe an association of either MDD-S or MDD-R with the 

development of obesity. However, lifetime diagnosis of MDD tended to be associated 

with the subsequent development of obesity during follow-up, though without statistical 

significance. To our knowledge, only two studies revealed significant associations 

between depression and subsequent development of obesity (16,20). Both of these 

studies showed the bidirectional associations between obesity and depression (20). 

However, the significant associations between depression and development of obesity 

could be due to the use of anti-depressant drugs or the higher power of the studies 

(20,22,41). Zimmermann et al. found that long-term treatment with most antidepressant 

medications results in significant weight gain among depressed patients (42). In a large, 

nested case–control study with 4-year follow-up, the users of different types of anti-

depressant medication gained significantly more weight than non-users (43,44). 

 

Strengths and limitations 

A major strength of our study was that we assessed major depressive disorder using the 

CIDI, whereas most studies so far relied on self-reported questionnaires. Furthermore, we 

were able to discriminate between single major depressive disorder (MDD-S) and 
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recurrent episodes (MDD-R), which enabled us to assess their separate contributions in 

relation to obesity. In addition, using lifetime depression as the time frame for major 

depression assessment in the present study provided the opportunity to consider a 

cumulative effect of major depression on obesity. The prevalence of obesity in our study 

(16.9%) was lower than that in the US, but slightly higher than that reported earlier for 

the Netherlands (10-12%) (41), and within the range of the WHO European region 

prevalence (10-30%) (1). Our findings are likely to be generalizable to most European 

countries, but the findings should be replicated in countries with a higher prevalence rate 

of obesity such as the US. 

The main limitation of the study was that data on the use of antidepressants was not 

available and we were therefore not able to analyse the potential confounding effect of 

this variable on the onset of obesity. Further studies are needed to assess the potential 

role of these factors. Moreover, when depressed persons were excluded, we did not find 

a statistically significant difference between included and excluded persons regarding 

BMI. Also for lifetime prevalences of MDD, we did not find a statistically significant 

difference when obese persons were excluded. 

 

Implications of the study 

Our findings may have major public health importance and add to the available evidence 

that obesity may be specifically associated with the onset of multiple episodes of major 

depression (MDD-R). For clinical practice, obese patients deserve particular attention 

because obesity is associated with new onset of MDD-R. Accordingly, monitoring 

depressive symptoms in obese individuals is important. This finding strongly supports a 

subtyping of the heterogeneous depression diagnosis of depression in future research. As 

weight reduction in depressed patients is evidently hard to reach, there is also a need for 

further studies examining whether weight loss interventions are effective in reducing the 

recurrence of major depression. 

 

Conclusions 

This prospective study provides suggestive evidence that obesity is associated with the 

subsequent onset of MDD-R but not of MDD-S among adults in the general population. 

Although the reverse association was not found, MDD-R tends to be also associated with 
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subsequent development of obesity, but larger studies are needed to fully assess this 

issue. The heterogeneity of MDD should be considered when examining the effect of 

obesity on MDD. 
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ABSTRACT  

Objective: To examine separate and joint associations of overweight and distress with 

long-term sickness absence (LTSA). 

Methods: We included N=2724 Dutch employees participating in occupational health 

checks between 2008 and 2012. Overweight was defined as BMI ≥ 25kg/m2, distress 

concerned a score of ≥10 on the Four-Dimensional Symptom Questionnaire. LTSA was 

defined as sickness absence lasting >2 consecutive weeks. Synergy was estimated from 

logistic regression models using the synergy index (SI). 

Results: The joint association of overweight and distress with LTSA was significant in 

women (odds ratio, OR=2.35; 95%-confidence interval, CI: 1.31; 4.24), but not in men 

(OR=1.58; 95%-CI 0.74; 3.37). In women, we found an SI=1.04 (95%-CI 0.34; 3.15). 

Conclusions: The joint association of overweight and distress with LTSA was not 

synergistic. Addressing co-morbid overweight and distress may help to reduce the burden 

of LTSA in women. 
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INTRODUCTION 

Overweight and obesity are major public health problems in western societies, and their 

physical and functional health costs have become enormous (1). In the Netherlands, the 

annual costs attributable to obesity amount up to 887 million Euros (2). For the Dutch 

working population, Robroek et al. reported prevalences of 34 % for overweight and 8% 

for obesity (3). Besides affecting physical and functional health, overweight has been 

found to be a source of distress (4,5). Overweight individuals are often subject to stigma 

and discrimination in their everyday lives (4). Moreover, attempts to control one’s weight 

can be distressing, particularly when attempts to lose weight have repeatedly failed, 

which ultimately may lead to clinically significant distress (6).  

 Distress and overweight can both contribute to sickness absence. Sickness 

absence has received considerable scientific and political attention in many European 

countries. In the Netherlands, sickness absence and particularly long-term sickness 

absence (LTSA) of >2 consecutive weeks costs almost 20 billion Euros annually (7). 

Comorbidity is associated with an increased risk of LTSA and decreased return to work (8).  

Previous studies have considered overweight and distress as separate conditions 

in relation to LTSA (9-12). Contemporary developments in epidemiology suggest that the 

potential synergy between two exposures of interest is best measured by statistical 

interaction on the additive scale using measures such as the synergy index (SI) (13). The SI 

reflects whether the joint association of two exposures is larger (or smaller) than the sum 

of the individual associations of the two exposures (13). The main objective of the present 

study was to examine the separate and joint associations of overweight and distress with 

LTSA. The SI was used as a measure to test the hypothesis that the joint association of 

overweight and distress with LTSA is greater than the sum of the separate associations of 

overweight and distress. As overweight and distress often co-occur and may be 

interrelated, assessing their synergistic association may have public health implications 

with regard to prevention strategies. 
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METHODS 

Study population  

This cross-sectional study included N=2724 Dutch employees (46% women) aged 35.2 

(standard deviation 9.1) years who participated in occupational health checks in the 

period between 2008 and 2012. Dutch law obliges employers to offer a health check to 

their personnel every four years, but for employees it is not mandatory to participate in 

health checks. ArboNed is a nationwide Dutch occupational health service (OHS) that 

offers different types of health checks to employees of contracted companies, ranging 

from brief check-ups to extended health checks including physical examinations and 

blood tests. Employers decide on the type of health check in dialogue with the works 

council or employee representatives. Employees were working for different employers, 

predominantly in the financial (75%) and healthcare (17%) sector, but they all had similar 

sick leave benefits (i.e., 100% compensation in the first year of sickness absence and 70% 

in the second year).  All employees except those with temporary employment were 

invited for occupational health checks, irrespective of age and job tenure. Approximately 

66% of employees participated in the health checks. The health checks consisted of a 

health check questionnaire with items on perceived health status, including a history of 

medical conditions and sickness absence, as well as perceived work environment 

characteristics. Depending on the questionnaire results, employees were invited for 

preventive consultations with an occupational health nurse or physician.  

Ethical approval for this study was granted by the Medical Ethical Committee of 

the University Medical Center Groningen, the Netherlands (reference METc2012/105). 

 

Measurements 

Overweight 

The Body Mass Index (BMI) was calculated from the body weight (kilograms, kg) and 

height (meters, m) employees reported on the health check questionnaire. Health check 

participants were classified into three categories according to the standard international 

classification (WHO 2013): normal weight (BMI <25.0 kg/m2), overweight (BMI 25.0–29.99 

kg/m2), and obese (BMI ≥30.0 kg/m2). We combined overweight and obesity together as 

overweight (BMI ≥25.0 kg/m2) to increase the power of the study during regression 

analyses. 
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Distress  

Distress was assessed by the Four-Dimensional Symptom Questionnaire (4DSQ) (14). The 

distress scale consists of 16-items (e.g., during the past week, did you suffer from worry? 

During the past week, did you feel tense?), which were scored on a 5-point response scale 

(‘no’= 0, ‘sometimes’=1, ‘regularly’ =2, ‘often’ =2, and ‘very often or constantly’=2). The 

item scores were summed up to a scale score ranging between 0 and 32. A score >10 was 

defined as distress (14).   

 

Socio-demographic and work-environment characteristics  

Age, gender, level of education, job demands, job resources and lifestyle factors (i.e. 

leisure-time physical activity) were included as confounders, because these factors have 

been reported to be associated with either overweight or distress, and LTSA without 

being on the causal pathway (15). Age (in years) was categorized into <35, 35-44, 45-54, 

and ≥ 55 years and educational level into low (primary and lower secondary education), 

middle (higher secondary education) and high (tertiary or higher education). The 

frequency of physical activity was assessed by two items about performing daily activities 

(e.g., walking stairs, vacuum cleaning) for at least 30 consecutive minutes (moderate 

exercise), and practicing sports for at least 20 consecutive minutes (vigorous exercise). 

Both items were dichotomized according to Dutch national recommendations: For 

insufficient moderate exercise, a cut-off point of less than 5 times a week for 30 minutes, 

and for insufficient vigorous exercise, a cut-off point of less than 3 times a week for 20 

minutes were used (3). Data on smoking habits and alcohol intake were also available 

from the health check questionnaires, but were missing in more than 90% of the health 

check participants. 

Work environment characteristics were measured by using the job demand-

resources (JD-R) model as a framework. The JD-R model integrates aspects of both the job 

demand–control and effort–reward imbalance models, and is commonly used to 

characterize the work environment (16). Principal component analysis revealed two 

components, corresponding to job demands and job resources. The job demands 

component (Eigen value=2.4 and Cronbach’s alpha = 0.72) included physical demands, 

work pressure and work-family interference. The sum score of job demands component 
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was calculated by multiplying scale scores by component loadings (17), and higher scores 

indicated higher job demands. The job resources component (Eigen value=4.7) included 

nine scales on participation in decision-making, feedback, supervisor support, co-worker 

support, communication, independence at work, role clarity, job skills, and work variation, 

with an internal consistency (Cronbach’s alpha = 0.86). The sum score of job resources 

component was calculated by multiplying the scale score by component loadings (17). A 

higher score indicated more job resources.  

 

Long-term sickness absence  

Sickness absence was defined as paid absence from work because of any (work-related 

and non-work-related) illness. Absences from work for longer than two consecutive 

weeks were defined as long-term sickness absence (LTSA). LTSA was assessed by the 

health check questionnaire with the item: ‘In the past 12 months, did you have one or 

more sickness absence episodes lasting more than 2 consecutive weeks?’ with response 

categories ‘no’ (=0) and ‘yes’ (=1). Voss et al. reported that 70% of men and 71% of 

women with 15 or more recorded sickness absence days also reported 15 or more 

sickness absence days in a year (18). 

 

Statistical analysis  

We first described socio-demographic, lifestyle factors and work environment 

characteristics for four categories i.e., no overweight and no distress, overweight only, 

distress only and both overweight and distress. Differences in proportions were tested by 

chi2-tests and differences in means were tested by analyses of variance (ANOVA). 

Binary logistic regression analyses were used to examine the cross-sectional associations 

of overweight, distress, and their combination with LTSA. All analyses were adjusted for 

age, gender, educational level, job demands and job resources. The analyses were 

conducted separately for men and women, after checking the significance of interaction 

terms overweight, distress and their combination by gender with LTSA.  

To examine the hypothesis that the joint association of overweight and distress 

was greater than the sum of associations of overweight and distress, we used the 

algorithms to compute odds ratios (OR) as suggested by Andersson et al.(19). If 

overweight is present, then i=1 otherwise i=0. If distress is present, then j=1 otherwise 
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j=0. ORij represents the OR in the exposure category i, j; three odds ratios (i.e., OR11, OR10, 

OR01) are estimated by logistic regression analyses (19).  Synergy in the joint association 

of overweight and distress with LTSA was assessed by the SI. The SI was calculated with 

the formula: SI = (OR11-1)/ [(OR10 +OR01)-2] and confidence intervals (CIs) for the SI were 

calculated using Andersson et al’s algorithm (19). SI =1 indicates that there is additivity, 

but no synergy in the association of overweight and distress with LTSA (19).A positive 

synergistic association of overweight and distress with LTSA is reflected by SI >1, while SI 

<1 represents a negative synergistic (antagonistic) association of overweight and 

distress.Crude ORs and adjusted ORs (aORs) were calculated with 95%CIs for all analyses. 

Statistical analyses were performed in the Statistical Package for Social Sciences (SPSS) 

version 20.0 (SPSS Inc., Chicago, IL, US), and statistical significance was concluded for p< 

0.05. 
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RESULTS 

Sample characteristics  

A total of N = 1754 (64%) employees had normal body weight, N=811 (30%) overweight 

and N = 159 (6%) obesity. Distress was reported by N= 868 (32%) employees; N = 

258(10%) employees had joint overweight and distress; N=53 (2%) employees had joint 

obesity and distress (Table 1). Here after, overweight and obesity are combined together 

as ‘overweight’ for the rest of the analyses. LTSA was reported by 224 employees of 

whom 49% was aged <35 years, 34% 35-44 years, 9% 45-54 years and 8% ≥55 years. Of 

the employees reporting LTSA, 41 (13%) had joint overweight and distress, 57 (10%) 

distress only, 47 (7%) overweight only, and 79 (7%) neither had distress nor overweight 

(χ2, p<0.001). Most employees had LTSA due to mental disorders (38%); 30% had LTSA 

due to musculoskeletal disorders and 32% due to other somatic disorders. Of employees 

with mental LTSA, 35% was aged <35 years, 42% 35-44, 16% 45-54 years and 7% ≥55 

years. Of employees with musculoskeletal LTSA, 23% was aged <35 years, 43% 35-44 

years, 30% 45-54 years and 4% ≥ 55 years, and for other somatic LTSA 48%, 33%, 15% and 

4%, respectively.  
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Table 1: Socio-demographic, lifestyle and work environment characteristics of the 

employees by bodyweight and distress status 

 

Overweight and LTSA 

As presented in Table 2, overweight was associated with LTSA in women (OR =1.70; 95%-

CI 1.17; 2.45), but not in men (OR = 0.93; 95%-CI 0.59; 1.45). After adjustment for age, 

education, physical exercise, job demands and job resources, the association of 

overweight with LTSA attenuated and became non-significant in women with aOR=1.48 

(95%-CI 0.98; 2.22). 

 

Distress and LTSA 

Distress was associated with LTSA in both women (OR = 1.59; 95%-CI 1.11; 2.75) and men 

(OR=1.70; 95%-CI 1.09; 2.67), but after adjustment for potential confounders remained 

significant only in women (aOR = 1.71; 95%-CI 1.14; 2.35) as is shown in Table 2. 

 

Characteristics 

Non-overweight 

and non-distressed   

n=1197 

Overweight 

only 
a
 

n= 659  

Distress 

only 

n=557 

Overweight 

and distressed 

n=311 

Total sample  

N=2724 

Age, n (%)      

<35 713 (59.6) 285 (43.2) 389 (69.8) 164 (52.7) 1551 (60.0) 

35-44 306 (25.5) 191 (29.0) 105 (18.9) 88 (28.4) 690 (25.3) 

45-54 115 (9.6) 125 (19.0) 43 (7.7) 39 (12.5) 322 (11.8) 

≥ 55 63 (5.3) 58 (8.8) 20 (3.6) 20 (6.4) 161 (5.9) 

Gender, Female n (%) 569 (47.5) 219 (33.2) 333 (59.8) 138 (44.4) 1259 (46.2) 

Educational status, n (%)
b
     

  Low   7 (0.6) 7 (1.1)  6 (1.1) 4 (1.3) 24 (0.9) 

  Middle  267 (22.8) 153 (24.2) 128 (23.5)  105 (34.5) 653 (24.6) 

  High  895 (76.6) 473 (74.7) 411 (75.4) 195 (64.2) 1974 (74.5) 

Frequency of physical activity (PA)     

<5times/week moderate PA 510 (42.6) 336 (51.0) 275 (49.4) 178 (57.2) 1299 (47.7) 

<3times/week vigorous PA 589 (49.2) 353 (53.6) 302 (54.2) 209 (67.2) 1453 (53.3) 

LTSA, n (%) 79 (6.6) 47 (7.1) 57 (10.2) 41 (13.2) 224 (8.2) 

Job demands, mean (SD) 6.56 (1.3) 6.59 (1.3) 7.09 (1.5) 7.12 (1.4) 6.74 (1.4) 

Job resources, mean (SD) 22.03 (3.2) 22.04 (3.4) 20.35(3.3) 20.44 (3.5) 21.50 (3.4) 

LTSA: Long-term sickness absence; aBMI ≥ 25 kg/m2; b3% of individuals had no information available on 

the educational status; SD: Standard deviation 
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Joint association of overweight and distress with LTSA 

Joint overweight and distress was associated with LTSA in women (OR=2.64; 95%-CI 1.55; 

4.49), but not in men (OR=1.73; 95%-CI 0.93; 3.20). After adjustment for age, education, 

physical exercise, job demands and job resources, the association was attenuated but 

remained significant in women (aOR=2.35; 95%-CI 1.54; 4.47) (Figure). However, the 

synergistic association of overweight and distress with LTSA was non-significant in women 

SI=1.04 (95%-CI 0.34; 3.15). We calculated no SI for men because the joint association of 

overweight and distress with LTSA was not significant in men (Table 2). 
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Table 2: Association of overweight, distress and their combination with long-term sickness absence stratified by gender  

Long-term sickness absence  

 Women (N=1259) Men (N=1465) 

 

Prev. 

Model-1  

OR (95%CI) 

Model-2 

OR (95%CI) 

Model-3 

OR (95%CI) Prev. 

Model-1 

OR (95%CI) 

Model-2 

OR (95%CI) 

Model-3 

OR (95%CI) 

Bodyweight 

Normal weight 84/902 1.00  (reference) 1.00  (reference) 1.00 (reference) 52/852 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Overweight 53/357 1.70 (1.17; 2.45) 1.68 (1.15; 2.44) 1.48 (0.98; 2.22) 35/613 0.93 (0.59; 1.45) 0.86 (0.55; 1.35) 0.84(0.50; 1.42) 

Distress 

Non-distressed 72/788 1.00 (reference) 1.00 (reference) 1.00 (reference) 54/1068 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Distressed 65/471 1.59 (1.11; 2.75) 1.64 (1.14; 2.35) 1.71 (1.14; 2.56) 33/397 1.70 (1.09; 2.67) 1.79 (1.14; 2.81) 1.72 (0.99; 2.98) 

Bodyweight and distress 

Non-overweight 

and non-distressed 

 

44/569 

 

1.00 (reference) 

 

1.00 (reference) 

 

1.00 (reference) 

 

35/628 

 

1.00 (reference) 

 

1.00 (reference) 

 

1.00  (reference) 

Overweight only 28/219 1.75 (1.06; 2.89) 1.70 (1.02; 2.83) 1.54 (0.88; 2.68) 19/440 0.76 (0.43; 1.36) 0.69 (0.39; 1.24) 0.72(0.37; 1.39) 

Distressed only 40/333 1.63 (1.04; 2.56) 1.65 (1.05; 2.60) 1.76 (1.08; 2.88) 17/224 1.39 (0.76; 2.54) 1.46 (0.80; 2.66) 1.48 (0.74; 2.96) 

Overweight and  distressed 25/138 2.64 (1.55; 4.49) 2.62 (1.54; 4.47) 2.35(1.31; 4.24) 16/173 1.73 (0.93; 3.20) 1.68 (0.90; 3.12) 1.58 (0.74; 3.37) 

Prev.: Prevalence of LTSA; OR: crude odds ratio; Model-1: crude model; Model-2: age adjusted model; Model-3: adjusted for age, educational status, moderate and vigorous physical exercise, 

job demands and job resources. Bold figures reflect statistically significant estimates (p<0.05).  
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Figure:  The association of overweight, distress and their combination with long-term 

sickness absence (LTSA) measured by odds ratios (ORs) in women and men  
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DISCUSSION  

To our knowledge, this is the first study investigating synergy in the association of 

overweight and distress with long-term sickness absence (LTSA). In women, but not in 

men, the combination of overweight and distress was significantly associated with LTSA. 

Although the SI was in the expected direction (i.e., indicative of a synergistic effect), the 

hypothesis of synergy in the joint association of overweight and distress with LTSA was 

not confirmed as the SI was non-significant.  

Our finding that distress was associated with LTSA in women only is in line with 

Foss et al (20), whereas Virtanen et al (9) and Bültmann et al (22) found that distress was 

associated with higher incidence of LTSA in both genders (9). The association between 

distress and LTSA might be confounded by work environment characteristics in those 

studies. In men, it has been shown that longer duration of work and high job strain are 

associated with absenteeism (14). Another explanation for the different findings could be 

the use of different instruments to assess distress. Virtanen et al (21) and Bültmann et al 

(9) used the General Health Questionnaire-12 to assess distress, while the present study 

used the 4DSQ.The main advantage of the 4DSQ is that it is designed to distinguish 

distress from other types of mental problems, such as depression and anxiety (14).  In line 

with Harvey et al (11) and Van Duijvende et al (22), we found no associations between 

overweight and LTSA. Janssens et al (24), however, reported that overweight was 

associated with an increased risk of high sickness absence (23). These different findings 

may be due to the differences in study population, setting, and definition of sickness 

absence. Janssens et al (24) included older adults (mean age 43 years) in their study and 

defined high sickness absence as having more than ten sick leave days (23).  

The joint association of overweight and distress with LTSA may be explained by 

the fact that being thin is considered an ideal beauty in western societies. Overweight 

might impact on an individual’s body image and self-esteem, which may lead to 

dissatisfaction and distress, particularly in women (4). Furthermore, women with 

overweight may face more stigma and prejudice in social activities including work relative 

to men (5). As indicated in the present study, overweight and distressed individuals report 

higher job demands and lower job resources. As a consequence, they might experience 

higher job strain and lower motivation for work (16). High job strain might lead to ill-

health and, eventually, absenteeism (25). In addition, lower motivation as a result of low 
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job resources (e.g., lower job support, role clarity, skills might decrease work 

engagement, which may also lead to absenteeism (16,25).  

Another possible explanation for the joint association of overweight and distress 

with LTSA is that overweight and mental disorders share neuroendocrine processes and 

pathways. Distress might increase the risk of overweight by activating the production of 

stress-induced hormones that increase appetite and blunt the satiety (i.e. feeling of 

having had enough) system, increasing fat retention and food intake (24). For example, 

Bornstein et al (26) found a dysregulation of the hypothalamic–pituitary–adrenocortical 

system in individuals with overweight and individuals with depressive complaints. In 

addition, it is well known that overweight and distress are independent risk factors for 

chronic somatic conditions, such as cardiovascular disease, diabetes, and musculoskeletal 

disorders (27,28). These co-morbidities could also explain the joint association of 

overweight and distress with LTSA. 

Our present results showed that the joint association of overweight and distress 

with LTSA was only significant in women, which might be due to the stronger relationship 

between overweight and distress in women than in men (29,30). This joint association 

was close to additivity, i.e., equivalent to the sum of the separate associations of 

overweight and distress, as indicated by SI = 1.04. The fact that SI was >1 implies that the 

joint association was slightly greater than could be expected based on the sum of the 

estimated separate associations of overweight and distress. For the joint exposures 

overweight and distress, the additional risk of LTSA was 135%, while the risk attributable 

to overweight and distress was 130% (54% to overweight and 76% to distress). These 

additional risks are not statistically different. The possible reasons for the absence of 

supra-additive (synergistic) association of overweight and distress with LTSA could be: 1) 

the cross-sectional design of the study and potential common method bias, 2) distress 

might have been caused by factors other than overweight, 3) overweight might not 

bother employees as much as, for example, obesity, 4) overweight might be less of a risk 

factor for disorders (e.g., cardiovascular disease, diabetes, musculoskeletal disorders) 

with a need for sick leave. The SI may be significant when investigating the joint 

association of obesity and distress. The prevalences of obesity (6%) and joint obesity and 

distress (2%) were low in the present study. As a consequence, our study lacked the 

statistical power to analyze the joint association of obesity and distress with LTSA. 
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Strengths and limitations  

The strength of our study was that we used data of a large sample of employees who 

participated in occupational health checks. In the present study, we used the 4DSQ to 

measure distress. The main advantage of the 4DSQ is that it is designed to distinguish 

distress from other types of mental problems. We assessed joint associations of 

overweight and distress with LTSA by calculating the synergy index, which has not been 

used previously in working populations to study additive interactions of two exposures.  

The main limitation of our study is its cross-sectional design. Thus, conclusions about 

causality and directions of associations between overweight, distress, and LTSA are not 

possible. Furthermore, our sample predominantly included employees from financial and 

public healthcare sectors, probably due to the type of health check (so-called ‘vitality 

scan’) that was performed. We did not also adjust our findings for some lifestyle factors 

(e.g. alcohol and smoking) due to non-random missing data on these variables. Our 

findings thus should be confirmed for other sectors by including lifestyle variables as 

potential confounders. Finally, LTSA, weight and length were all self-reported and 

particularly self-reported weight might have been affected by social desirability bias. As a 

consequence the prevalence of overweight or obesity may have been underestimated in 

our study population. Furthermore, it is well known that the number of self-reported 

sickness absence days is generally lower than the number of recorded sickness absence 

days (18,31). Underreporting of sickness absence may have weakened (joint) associations 

of overweight and distress with LTSA. We dealt with this problem by asking for episodes 

of sickness absence >2 consecutive weeks instead of the number of sickness absence 

days. Voss et al. (18) concluded that such self-reported sickness absence data can be used 

in epidemiological studies. Joint associations of overweight with LTSA may also have been 

attenuated if healthy employees were over-represented in the occupational health 

checks, a phenomenon known as ‘healthy volunteer effect’ (32). 

 

Practical implications and directions for future research 

We found that distress and the combination of overweight and distress are associated 

with LTSA in women, but not in men. Addressing distress might reduce the public health 

burden of LTSA among women with overweight. The joint effect of overweight and 

distress may have implications for prevention and sickness absence intervention if it is 
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confirmed in prospective studies. Furthermore, we expect that the burden of overweight 

and distress on LTSA could be significant in extreme conditions, such as obesity and 

depression. Therefore, the joint effect of obesity and depression on LTSA deserves further 

prospective investigation.  

 

Conclusions  

Distress and the combination of overweight and distress were associated with LTSA in 

women, but the joint association of overweight and distress with LTSA was not 

synergistic. As the joint association of overweight and distress with LTSA was stronger 

than separate associations, addressing co-morbid overweight and distress may help to 

reduce the burden of LTSA in women. 
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ABSTRACT  

Background: Obesity is associated with productivity loss, but little is known about how 

obese workers function at work and also the role of working-time arrangements on this 

association is lacking. Therefore, the aim of this study was to examine the association of 

overweight and obesity with work functioning (WF), and to determine whether the 

associations differ between workers with different working-time arrangements.  

Methods: A cross-sectional study was conducted within the sampling frame of the ‘Shift 

Your Work’ study that examined the effect of irregular working-times in relation to health 

and functioning at work. We included N=622 Dutch employees, of which N= 384 (62%) 

were shift-workers, N=171 (27%) on-call workers and N=67 (11%) day-workers. 

Overweight and obesity were defined as BMI 25–30 and ≥ 30, respectively. WF was 

assessed using the Work-Role Functioning Questionnaire.  

Results: The prevalences of overweight and obesity were 48 % and 10% in all workers, 

49% and 11 % in shift-workers, 45% and 10% in on-call workers, and 49% and 6% in day 

workers, respectively. In all workers, obesity was associated with lower WF scores for 

physical demands (adjusted estimate, aB=-5.5). In shift-workers, obesity was associated 

with lower WF scores for output and physical demands (aB=-8.8 and -6.8, respectively). In 

day and on-call workers, overweight and obesity were not associated with WF. 

Conclusions: Overweight and obesity are highly prevalent in the working population. 

Obesity might reduce the executive function performance beyond physical limitations, 

and limit the ability to accomplish tasks successfully, especially in shift workers.   
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INTRODUCTION  

Obesity is one of the major public health challenges of the 21st century. The prevalence of 

obesity has tripled in many countries of the World Health Organization (WHO) European 

Region since the 1980s (1). Currently, 52% of the European adult population is considered 

overweight or obese (2,3). In 2011, 48% of the Dutch population was overweight, 

including 11% obese (3). In the Netherlands, the annual costs attributable to obesity 

amount up to 887 million Euros (2). These costs include direct health care costs and 

indirect costs, of which most are related to presenteeism (lost productivity at work) (2). It 

is also known that the major occupational health problems such as musculoskeletal 

disorders, mental disorders and cardiovascular diseases, are directly or indirectly 

associated with obesity (4), and thus could negatively affect productivity or functioning at 

work. 

Work functioning (WF) refers to the ability of a person to meet all work demands 

(i.e. work scheduling, output, physical, mental-interpersonal demands) for a given state of 

health (5). Given the increasing prevalence of overweight and obesity in the aging working 

population, overweight and obesity could influence the ability to meet these work 

demands.  Previous studies suggested that obesity is associated with impaired physical, 

psychosocial and cognitive functioning (6). The association of overweight and obesity with 

productivity loss and sickness absence is also documented (7-10). For instance, Neovius et 

al revealed that obesity is associated with almost twice as high productivity losses to 

society as for normal weight over life time (8), and that obesity is associated with longer 

episodes of sick leave (7). Gates et al also examined the impact of obesity on workplace 

productivity using the Work Limitations Questionnaire (WLQ) (10), but did not take 

working time arrangements into account.  In the present study, the Work Role 

Functioning Questionnaire (WRFQ), a similar instrument as the WLQ, was used to 

measure work functioning. The WRFQ is a cross-culturally adapted and validated 

instrument with good psychometric properties (11). More studies are needed regarding 

the association of overweight and obesity with work functioning (i.e. productivity loss at 

work for a given state of health).  

Furthermore, growing evidence suggests that working time arrangements (i.e. odd 

or irregular working times) negatively affect productivity at work and health via disruption 

of normal diurnal biological rhythms, lifestyle changes and social isolation (12,13). In 
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modern society, working times are no longer fixed and strictly limited to normal diurnal 

working days as working hours are extended to evening and night hours, and are 

becoming more and more variable (14). According to an EU survey on working conditions, 

around 20% of the European working population is involved in some form of shift work 

(15). It has been shown that overweight and obesity are more prevalent in shift-workers 

compared to day workers (13). It is possible that shift work increases weight gain or 

exacerbate the effect of obesity on WF through poor sleep quality and short sleep 

duration, which are the prevailing problems reported by shift workers(16). Increased 

fatigue is among the negative consequences of reduced sleep length, disturbed patterns 

of sleep and impaired sleep quality among shift-workers, thereby affecting the ability to 

meet the work demands (13,16). Moreover, sleep disturbances have been associated with 

an imbalance in appetite hormones that increase feelings of hunger and metabolic 

changes (12).   

Hence, the aim of this study was to examine the association of overweight and 

obesity with WF, and to determine if the associations differ for workers with different 

working-time arrangements (i.e. shift workers, on-call workers and day workers). We 

hypothesized that overweight and obesity are associated with poor WF and the 

associations may be stronger in shift workers compared to on-call and day workers. The 

findings could help identify working time arrangements with high-risks regarding WF.  
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METHODS  

Study design and procedures 

This cross-sectional study was conducted within the sampling frame of the ‘Shift Your 

Work’ study, which was established in 2011 to examine the effects of irregular night and 

shift work on health, work functioning and social life. Questionnaires were sent to 

N=1235 workers (N=730 shift-workers, N=280 on-call workers and N=225 day workers). 

Shift workers were blue-collar workers of four industrial companies in the process and 

chemical sector in the Netherlands. Job tasks comprised process and quality monitoring, 

repairing and logistics. On-call workers were employed by a company taking care of the 

gas distribution infrastructure in the Netherlands. Day workers were sampled from one of 

the four shift work companies and presented a mixture of blue-collar (technical 

assistance) and white-collar workers (office). A total of N=793 (64%) workers responded. 

Out of these, 622 (78%) workers with a mean (SD) age of 44.7 (9.1) years had complete 

data and constituted the final study sample. The prevalences of overweight and obesity 

were 48% (N=300) and 10% (N= 63), respectively. There was no significant difference in 

socio-demographic characteristics, lifestyle factors, health status and working conditions 

between in- and excluded participants.  

With respect to working-time arrangements (WTA), our sample included N= 384 

(62%) shift-workers, N=171 (27%) on-call workers and N=67 (11%) day workers. Shift-

workers were rotating shift-workers, with a 3-shift, 5- shift or 6-shift schedule. Day 

workers had working times mostly covering 09:00 –17:00h and on-call workers had a 

normal daytime job, and were once every 4 weeks 1-week on-call. The sample 

characteristics of the participants by WTA are presented in Table 1. 

All workers were informed about the design and aim of the study by the human 

resource departments during recruitment. Web-based and paper versions of the 

questionnaire were used. Oral and written informed consent were obtained from all 

workers. Ethical approval for this study was granted by the Medical Ethical Committee of 

the University Medical Center Groningen, Groningen, the Netherlands. 
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Table 1: Sample characteristics by working-time arrangements  

*: For 30 (4.8%) and 14 (2.3%) information on educational status and age were not available; NS: not 

statistically significant.  

 

 

  

Characteristics  Total 

n=622 

Day 

workers 

n=67 

On-call 

workers 

n=171 

Shift-

workers 

n=384 

 

Chi2-test 

/F-test 

Age, n (%)*      

< 45 years 274 (45.1) 21 (32.8) 91 (54.2) 162 (43.1) P <0.01 

≥ 45 years  334 (54.9)  43 (67.2) 77 (45.8) 214 (56.9)  

Educational status, n (%)*       

Low 81 (13.7) 3 (4.5) 13 (7.7) 65 (18.3) P <0.001 

Middle  443 (74.8) 30 (44.8) 143 (84.6) 270 (75.8)  

High 68 (11.5) 34 (50.7) 13 (7.7) 21 (5.9)  

Smokers, n (%) 143 (23.0) 13 (19.4) 21 (12.3) 109 (28.4) P <0.001 

No/hardly exercise, n (%) 47 (7.6) 3 (4.5) 12 (7.1) 32 (8.3) NS 

High alcohol consumption, n (%)  95 (12.0) 20 (18.3) 26 (12.7) 49 (10.2) NS 

Body weight, n (%)      

Normal weight (BMI<25kg/m2)   259 (41.6) 30 (44.8) 77 (45.0) 152 (39.6) NS 

Overweight (BMI: 25-29.99kg/m2) 300 (48.2) 33 (49.3) 77 (45.0) 190 (49.5)  

Obesity (BMI ≥30 kg/m2) 63 (10.1) 4 (6.0) 17 (9.9) 42 (10.9)  

Work family interference, mean (SD) 3.0 (0.5) 3.3 (0.5) 3.1 (0.5) 2.9 (0.4) P <0.001 

Supervisor support, mean (SD) 11.5 (2.2) 11.6 (1.7) 11.4 (2.2) 11.5 (2.3) NS 

Coworker support, mean (SD) 12.1 (1.8) 12.3 (1.8) 12.4 (1.5) 11.9 (1.9) P <0.01 

Mental health , mean (SD) 50.8 (8.9) 52.6 (7.1) 51.3 (8.1) 50.3 (8.9) NS 

Physical health , mean (SD) 50.7 (7.2) 52.5 (5.3) 51.5 (6.0) 49.9 (7.8) P <0.01 

Work functioning, mean (SD) 86.9 (13.7) 90.2 (9.9) 87.1 (13.1) 86.3 (14.5) NS 



65 
 

Measurements 

Overweight/obesity 

The Body Mass Index (BMI) was calculated using self-reported body weight (kg) and 

height (m). Participants were classified into three BMI categories according to the 

standard international classification (WHO 1998): normal weight (BMI <25 kg/m2), 

overweight (BMI 25.0–29.99 kg/m2), and obese (BMI ≥30.0 kg/m2) (1).   

 

Work functioning  

Work functioning (WF) was assessed with the Dutch version Work Role Functioning 

Questionnaire (WRFQ) (17). The WRFQ measures the perceived difficulties in meeting 

work demands among workers given their physical health or emotional problems. It has 

been translated and cross-culturally adapted to the Dutch context with promising 

psychometric properties (Cronbach’s alphas for the subscales between 0.70 and 0.91, and 

good content validity (17). The WRFQ consists of 27 items in five subscales: work 

scheduling demands (five items), output demands (seven items), physical demands (six 

items), mental demands (six items), and social or interpersonal demands (three items). 

Work scheduling demands (WSD) capture the worker’s needs to manage the workday 

from beginning to end. Physical demands (PD) measure a range of dynamic and static 

physical loads required in the conduct of work duties. Mental demands (MD) assess the 

jobs’ cognitive requirements, such as concentration and thinking. Social demands (SD) 

assess the interaction of people in the workplace and with clients. Output demands (OD) 

are those activities related to completing work on time, with high quality and to 

everyone’s (including the worker’s) satisfaction (17).  

All items of the WRFQ have to be answered on a five-point scale from 0=difficult all the 

time (100%), 1=difficult most of the time, 2=difficult half of the time (50%), 3=difficult 

some of the time, 4=difficult none of the time (0%). Another response option ‘Does not 

apply to my job’ has been added to enable workers to answer, even though a particular 

demand is not part of their job. The total and subscale scores were summed up separately 

by adding all answers and the answers in the subscale, respectively. The total and 

subscale scores were divided by the number of items and then multiplied with 25 to 

obtain percentages between 0 and 100, with higher scores indicating better work 

functioning. 
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Covariates  

Age, educational status, lifestyle factors (smoking, alcohol consumption and exercise), job 

support (supervisor and co-worker support), work family interference (WFI), physical and 

mental health were included as potential confounders. These factors have been reported 

to be associated with either overweight or obesity, and WF, or reported as confounders in 

previous studies without being on the causal pathway except physical and mental health 

status (7,8,18,19). Age was dichotomized as < 45 years and ≥ 45 years. Educational level 

was categorized into low (lower secondary education or less), middle (higher secondary 

education) and high (tertiary or further education). Smoking was dichotomized as current 

smoker and non-smoker. Alcohol consumption was defined according to the National 

Institute on Alcohol Abuse and Alcoholism guidelines (20). Drinking ≥ 14 glasses and ≥7 

glasses of alcohol per week for men and women, respectively, was considered as high 

alcohol consumption (binge drinking). Physical exercise was measured with the frequency 

of exercise of at least 30 minutes per week and was dichotomized as “not or hardly any 

exercise per week” and “once or more per week”.  

Supervisor social support (SS) (range 0-16) and coworker social support (CS) (range 

0-16) were measured using the Job Content Questionnaire (11), with higher scores 

indicating better support. Work family interference was measured with 10 items from the 

Survey Work-home Interaction Nijmegen (SWING) (21), with a Cronbach’s alpha of 0.80. 

The scale ranges from 0 to 4, with higher scores indicating less work family interference. 

The physical and mental health status of the workers was assessed with the short-form 12 

(SF-12). The physical component summary (PCS) and mental component summary (MCS) 

subscales were derived from the SF-12 summary scores, with higher scores indicating 

better physical and mental health status. 

 

Statistical analysis  

First, we described the socio-demographics, lifestyle factors, body weight, health status, 

work environment characteristics and WF of the workers by working-time arrangements 

(i.e. day workers, on-call workers and shift-workers). Data were presented as means and 

standard deviations (SD) for continuous variables and as percentages for categorical 

variables and differences in proportions were tested by chi2-tests and differences in 

means were tested by analyses of variance (ANOVA).  
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Second, we compared WF total and WF subscale scores of overweight and obese 

employees with normal weight employees stratified by working-time arrangements. We 

checked the presence of interaction by comparing the estimates (B) for the total 

population and the stratum-specific (i.e. WTA) estimates. Third, we examined the 

association between BMI classes (normal weight, overweight and obesity), which were 

dummy-coded variables, and WF total and WF subscale scores using multiple linear 

regression models. Model 1 tested the crude association of overweight and obesity 

categories with WF total and WF subscale scores compared with the normal weight 

group. Model 2 repeated these analyses with adjustment for age, educational status, 

lifestyle factors (smoking, alcohol consumption and exercise), job support (supervisor and 

co-worker support), and work family interference. Crude (B) and adjusted regression 

coefficients (aB) with standard error (SE) were presented for all analyses. Statistical 

analyses were performed using Statistical Package for Social Sciences (SPSS) version 22.0 

(SPSS Inc., Chicago, IL, US).  
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RESULTS  

Overweight, obesity and work functioning  

The WF total score was significantly lower in obese workers (84.1, SD=17.2) as compared 

to overweight (86.9, SD=13.9) or normal weight workers (87.7, SD=12.6) (Table 2). WF 

subscale scores for physical demands were significantly lower in obese workers (82.1, 

SD=23.8) as compared to overweight (88.1, SD=16.2) and normal weight workers (90.0, 

SD=13.3).  Other WF subscales were not significantly different between overweight, 

obese and normal weight workers (Table 2). As shown in Table 3, obesity was associated 

with lower WF subscale scores for output demands (B=-5.0, p<0.05) and physical 

demands (B=-7.7, p< 0.05) as compared to normal weight counter parts. After adjustment 

for age, education, smoking, alcohol consumption, exercise, co-worker and supervisor 

support and work family interference, the association of obesity with lower WF scores for 

output demands attenuated and became non-significant, but the association of obesity 

with physical demands remained significant (aB=-5.5, p<0.05). Overweight was not 

significantly associated with WF total and WF subscale scores (Table 3).     

 

Overweight, obesity and work functioning by working-time arrangements 

The prevalences of overweight and obesity were 49% (N=190) and 11% (N=42) in shift-

workers, 45% (N=77) and 10% (N=17) in on-call workers, and 49% (N=33) and 6% (N=4) in 

day workers, respectively. The WF total score was significantly lower in overweight (86.2, 

SD=14.3) and obese shift-workers (81.9, SD=20.3) compared with normal-weight shift-

workers (87.7), SD=12.5, p<0.05. WF subscale scores for physical demands were 

significantly higher in day workers (94.5, SD= 11.9) as compared to on-call workers (89.3, 

SD=14.2) and shift-workers (86.7, SD=17.3), but other WF subscales did not significantly 

differ between the working time arrangements. As shown in Table 2, the WF subscales 

scores for output demands and physical demands were significantly lower in obese shift-

workers as compared to normal weight shift-workers (78.1 vs. 86.1 and 78.6 vs. 88.4, p< 

0.001), respectively. As shown in Table 3, in shift-workers obesity was associated with 

lower WF total scores (B=-5.7, p<0.05), lower WF subscales scores for output demands 

(B=-7.9, p<0.05) and for physical demands (B=-9.8, p<0.05) as compared to normal weight 

workers. After adjustment for age, education, smoking, alcohol consumption, exercise, 

co-worker and supervisor support and work family interference, the association of obesity 
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with lower WF total scores was attenuated and became non-significant, but the 

association of obesity with lower WF subscale scores for output demands (aB=-6.8, 

p<0.05) and physical demands (aB=-8.8, p<0.05) remained significant. In day and on-call 

workers, both overweight and obesity were not associated with WF total and WF subscale 

scores (Table 3).   

 



70 

 

Table 2: Work functioning (WF) total and WF subscale scores and overweight and obesity by working time arrangements  

 

 

 

 

 

 

Working-time arrangements  WF total, mean 
(SD) 

WSD, mean 
(SD) 

OD, mean 
 (SD) 

PD, mean 
 (SD) 

MD, mean 
(SD) 

SOD, mean  
(SD) 

Total population (n=622)       
Normal weight  87.7 (12.6) 88.0 (15.1) 85.6 (16.1) 90.0 (13.3) 85.9 (17.2) 91.2 (13.8) 

Overweight  87.0 (13.9) 87.6 (15.5) 84.6 (18.3) 88.1 (16.2) 86.0 (16.6) 91.3 (14.5) 

Obese  84.1 (17.2) 85.4 (18.8) 80.6 (21.7) 82.1 (23.8) 85.6 (16.3) 91.3 (15.6) 
Day workers (n=67)       

Normal weight  89.4 (9.4) 88.9 (10.9) 85.7 (13.6) 96.2 (6.0) 86.4 (13.8) 92.2 (14.0) 
Overweight  91.3 (10.8) 92.6 (12.7) 88.5 (12.9) 92.9 (15.8) 90.4 (12.9) 94.7 (11.6) 
Obese  87.6 (5.7) 80.0 (24.5) 81.2 (21.1) 95.2 (4.1) 89.6 (9.9) 97.9 (4.2) 

On call workers (n=171)        
Normal weight  87.0 (13.8) 86.7 (17.3) 84.7 (17.4) 90.9 (11.6) 85.0 (18.8) 89.9 (15.4) 
Overweight  86.9 (13.6) 88.1 (15.6) 83.9 (20.7) 88.0 (16.8) 86.9 (14.2) 89.5 (15.1) 

Obese  88.6 (6.6) 90.0 (8.7) 86.5 (10.3) 88.0 (12.2) 87.5 (10.4) 94.6 (8.3) 
Shift-workers (n= 384)       

Normal weight  87.7 (12.5) 88.5 (14.7) 86.1 (15.9) 88.4 (14.8) 86.3 (17.0) 91.7 (12.9) 
Overweight  86.2 (14.3) 86.5 (15.8) 84.2 (18.1) 87.2 (15.9) 84.9 (17.9) 91.4 (14.7) 
Obese  81.9 (20.3) 83.9 (21.1) 78.1 (24.8) 78.6 (27.4) 84.4 (18.6) 89.3 (18.1) 

Note: WSD: Work scheduling demands; OD: output demands; PD: physical demands; MD: mental demands; SOD social demands; Bold figures 

reflect statistically significant differences in estimates across body weight categories (p<0.05).  
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Table 3: The association of overweight and obesity with total work functioning (WF) and WF subscale scores by working-time arrangements 

 
 WF total WSD OD PD MD SOD 

B(SE) aB(SE) B(SE) aB(SE) B(SE) aB(SE) B(SE) aB(SE) B(SE) aB(SE) B(SE) aB(SE) 

Total population (n=622)           

Normal weight   Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Overweight  -0.7 (1.2) -0.8 (1.1) -0.4 (1.3) -0.2 (1.3) -0.9 (1.5) -1.4 (1.5) -1.9 (1.4) -2.1 (1.3) 0.1 (1.4) 0.2(1.4) 0.1 (1.2) -0.2 (1.2) 

Obese  -3.6 (1.9) -1.4 (1.8) -2.6 (2.2) -1.0 (2.1) -5.0 (2.5) -2.8 (2.5) -7.7 (2.2) -5.5 (2.1) -0.3 (2.4) 2.4 (2.3) 0.1 (2.0) 1.9 (2.0) 

Day workers (n=67)            

Normal weight   Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Overweight  1.9 (2.5) 2.2 (2.6) 3.6 (3.2) 3.7 (3.6) 2.8 (3.5) 2.6 (3.7) -3.3 (3.0) -2.6 (2.8) 4.0 (3.3) 4.2 (3.6) 2.5 (3.1) 3.9 (3.3) 

Obese  -1.8 (5.3) 2.9 (5.6) -8.9 (6.8) -6.4 (7.8) -4.5 (7.3) -0.1 (7.9) -0.9 (6.4) 3.7 (6.1) 3.2 (7.0) 8.6 (7.7) 5.7 (6.6) 13.9 (6.9) 

On call workers (n=171)           

Normal weight   Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Overweight  -0.2 (2.1) 0.3 (2.0) 1.4 (2.6) 2.0 (2.6) -0.7 (2.9) -0.4 (2.8) -2.9 (2.3) -2.6 (2.3) 1.8 (2.6) 2.7 (2.6 -0.4 (2.4) -0.2 (2.4) 

Obese 1.5 (3.5) 5.7 (3.5) 3.3 (4.3) 7.0 (4.5) 1.8 (4.9) 8.0 (4.9) -2.9 (3.8) 0.5 (3.9) 2.5 (4.3) 6.5 (4.5) 4.7 (3.9) 6.3 (4.2) 

Shift-workers (n=384)            

Normal weight   Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Overweight  -1.4 (1.6) -1.6 (1.5) -2.0 (1.7) -1.7 (1.7) -1.8 (1.9) -2.1 (1.9) -1.1 (1.9) -1.5 (1.8) -1.4 (1.9) -1.3 (1.8) -0.2 (1.6) -0.8  (1.5) 

Obese  -5.7 (2.5) -4.3 (2.3) -4.5 (2.8) -3.9  (2.7) -7.9 (3.2) -6.8 (3.1) -9.8 (2.9) -8.8 (2.8) -1.8 (3.1) 1.0 (2.9) -2.4 (2.5) -1.1 (2.4) 

WSD: Work scheduling demands; OD: output demands; PD: physical demands; MD: mental demands; SOD: social demands; #: Reference (Ref.): Normal weight (BMI < 25 kg/m2); B 

(SE): crude association with a regression coefficient and standard error; aB: adjusted regression coefficient for age, educational status, smoking, alcohol, exercise, co-worker and 

supervisor support and work-family interference; se: standard error; Bold figures reflect statistically significant differences in estimates across body weight categories (p<0.05). 
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DISCUSSION  

To our best knowledge, this is the first study examining the association between 

overweight, obesity and WF in workers with different working time arrangements (i.e. 

shift-workers, on-call workers and day workers). In shift-workers, obesity was associated 

with lower WF total scores, lower WF subscales scores for output demands and for 

physical demands as compared to normal weight workers. After adjustment for age, 

education, smoking, alcohol consumption, exercise, co-worker and supervisor support, 

and work family interference, the association of obesity with lower WF total scores was 

attenuated and became non-significant. However, the association of obesity remained 

significant with lower WF subscale scores for output demands and physical demands. 

Overweight in all workers and obesity in day and on-call workers were not associated with 

WF total and WF subscale scores.   

Our finding that obesity was associated with the lower WF total scores and lower 

WF scores for physical demands is in line with earlier studies (8-10,22,23). ). In particular, 

Gates et al showed that job limitations most affected by obesity were those with time and 

physical demands (10). In the adjusted model, the association between obesity and lower 

WF scores was explained by lifestyle factors and the ability of the employee to balance 

their work and family roles. Jagielski et al also showed that an increase of 1 BMI unit was 

associated with a decrease of 1.93 in physical well-being, which might affect physical 

demanding tasks (24). This suggests that the association between obesity and WF for 

physical demands might be through physical impairment. Earlier studies showed a 

significant reduction of body joint motions (e.g. shoulder, knee joints among others) and 

postures (25,26), postural sway and control (27) in obese workers. These obesity-

associated reductions of motions and postural stress may cause physical incapability to 

perform work and daily activities. Obese individuals may be more prone to balance loss 

and falling than non-obese individuals during a prolonged standing task (28-30). Although 

Strigel et al did not consider specific work demands in relation to overweight and obesity, 

the authors reported the association between obesity and work impairment and they 

assessed WF by the Work Productivity Activity Impairment questionnaire (9). In contrast, 

Robroek et al reported no association between obesity and productivity loss at work (31). 

Possible explanations for the discrepancy are the differences in study population, 

instruments used to assess WF, and the type of confounding variables. In Robroek et al’s 
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study, productivity loss at work was assessed by a single item of productivity loss of the 

quantity scale of the Quantity and Quality (QQ) method, while the present study used the 

27-item WRFQ covering the five different domains of work demands.  

The finding that overweight and obesity were not associated with WF total scores 

and WF subscale scores for mental demands and social or inter-personal demands is 

consistent with earlier studies (10,22,31,32). All these studies showed that overweight 

and obesity may be related to poor WF for specific work demand (i.e. physical demands), 

but not for social and inter-personal demands in working population. Working in 

manufacturing companies requires workers to be able to adapt to the work environment 

and to engage in various physical movements, including bending, stretching, squatting, 

pushing and walking. Obese people often experience difficulties in these movements 

because of their body size and weight. It is also well known that obesity is associated with 

the development of musculoskeletal disorders, osteoarthritis, rheumatoid arthritis and 

carpal tunnel syndrome (33,34). Workers with these health conditions are more likely to 

have physiological and respiratory strains during performance of hard physical work, have 

accidents during work, and consequently a decrease in productivity.  

The finding that obesity is associated with lower WF subscale scores for physical 

and output demands in shift-workers is in line with Caruso’s finding, which showed that 

the association between obesity and lower productivity was stronger in shift workers than 

day workers (35). The occupational hazard of shift work has been documented in a 

multitude of studies (13,14,16). Two systematic reviews have shown that shift working is 

associated with poor health and well-being, and increases the risk of weight gain in 

employees (36,37). A review by Folkard et al showed that this negative influence of shift 

work systems on productivity is underlined by psychosocial work conditions and physical 

health (38). From their review, they conclude that a clear understanding of these 

underlining factors can help to cope properly, and to minimize the possible risks 

associated with shift work.  

A possible explanation for the association of obesity with lower WF for physical 

and output demands in shift-workers is that obesity and shift work interact through sleep-

wake cycles, body temperature, energy metabolism and hormone secretion, which are 

regulated by the circadian clock (36).  For instance, sleep disturbance promotes an 

imbalance in appetite hormones and increase feelings of hunger and metabolic changes 
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(14). Another possible explanation is that obese workers might not be able to meet a 

range of dynamic and static physical loads required in the conduct of work duties 

(5,13,14). High physical work demands may increase the risk for musculoskeletal pain and 

may decrease work ability. This is reflected by the higher relative workload and increased 

rate of perceived physical exertion during manual work. The extra fat mass in the obese 

body also increases biomechanical and physiological stresses during physical demanding 

activities (39). Shift work was associated with deleterious lifestyle changes, poorer lipid 

profile, lower cognitive tasks (40,41), reduced professional performance and judgment 

(42,43), thereby possibly exacerbating the effect of obesity on lower WF. The combination 

of poor lifestyle, high perceived physical exertion and musculoskeletal pain may increase 

the risk for decreased work ability and performance on the job for physical and output 

demands in obese shift workers. 

In addition, it has been repeatedly shown that overweight and obese people suffer 

from a higher incidence of chronic diseases, including musculoskeletal disorders and 

mental disorders (2). Furthermore, an elevated body mass index is characterized by a 

reduced tolerance to effort and lack of satisfaction (6,27), a reduced executive function 

performance (44), a reduced muscle strength normalized per body weight and lower 

tolerance to prolonged postures and sleep disturbances (4,13,16,27,45) ,which could 

explain the underlying mechanisms between obesity and lower WF in the working 

population, especially in shift-workers.    

   

Strengths and limitations  

The strength of our study is that we used work functioning data of workers with different 

working time arrangements; i.e., shift-workers, on-call workers and day workers. We used 

the WRFQ to measure specific work demands. To our knowledge, this study is the first 

study to assess overweight and obesity in relation to WF in workers with different 

working time arrangements using the validated WRFQ.   

The main limitation of our study is the cross-sectional design. Thus, data must be 

interpreted with caution and no causality or direction of associations between obesity 

and WF can be inferred. Furthermore, our sample is relatively small and comprised mostly 

male and shift-workers. In particular, the obese day worker group comprised a relatively 

smaller number of respondents. Although findings should be interpreted with caution, the 
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prevalence of obesity in day workers (6%) is comparable with previous findings among 

Dutch workers (46). Nevertheless, the findings should be confirmed in prospective studies 

with larger samples. Future studies should also shed light on whether the differences in 

working-time arrangements as observed in this study reflect basic differences or were due 

to sleep patterns and other lifestyle changes that were not considered. Finally, as many 

researchers have been criticizing the BMI for its inadequate reflection of body 

composition, using BMI to define overweight and obesity might be a limitation, but it has 

been found that BMI is a valid anthropometric indicator of body weight and the best 

predictor of weight-related risks to work ability among Finnish employees (47). 

 

Implications 

Our findings may have implications for ergonomics and public health interventions. 

Irregular working time arrangements are becoming more and more common and obesity 

is a growing epidemic in working population. Our findings demonstrated a stronger 

association of obesity with lower WF for physical and output demands in shift-workers. 

Therefore, workplace health promoting activities are warranted by providing information, 

activities, and social support, and by organizational structures that can help guide certain 

behaviors and discourage others. For example, workplaces can engage in the promotion 

of physical activity (i.e. walking stairs and standing desk) at work, inform shift workers 

about proper sleep hygiene in such a way that the shift schedules minimize circadian 

disruption and provide adequate time to recover. Organizational interventions may be a 

good strategy to reduce the burden of obesity in shift workers. Previous studies suggested 

that work place health promotion can improve workers health, employee satisfaction, 

organizational atmosphere and total organizational costs (48,49). 

 

Conclusions  

In conclusion, the present study indicates that overweight and obesity are prevalent in 

the working population, mainly in shift workers. Associations between obesity and WF 

total and WF for physical and output demands were found in shift-workers, but not in on-

call and day workers. There was no association between overweight and WF total and WF 

subscale scores. Hence, it seems likely that obesity may lead to decreases in WF scores in 

workers especially in shift-workers. Longitudinal studies are needed to examine the 
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temporal relationship between obesity and subsequent decrease in WF scores, and the 

role of working-time arrangements.  
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ABSTRACT  

Objectives: We examined the longitudinal effect of obesity, major depression (MD) and 

their combination on work performance impairment (WPI). 

 Methods: We collected longitudinal data (2004-2013) on 1726 paid employees selected 

from the Netherlands Study of Depression and Anxiety at baseline and 2-, 4-, and 6-year 

follow-up. We defined obesity with body mass index and waist circumference. We 

diagnosed major depression with the composite international diagnostic interview (CIDI 

2.1). We assessed work performance impairment with a questionnaire for costs 

associated with illness. We used generalized estimating equations for modeling, and 

estimated interaction on the additive scale.   

Results: Obesity, abdominal obesity and major depression were longitudinally associated 

with increased risk of high WPI. The combinations of obesity and major depression, and of 

abdominal obesity and major depression were associated with increased risk of high WPI, 

odds ratios (95%-confidence intervals): 2.36 (1.61; 3.44) and 1.88 (1.40; 2.53), 

respectively, but the relative excess risks due to interaction were non-significant.  

Conclusions: The longitudinal joint effect of obesity and major depression on high WPI 

implies that intervening on obesity may be more beneficial for individuals with major 

depression than those without regarding risk of high WPI, if confirmed in a large, 

representative sample.  
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INTRODUCTION  

Obesity and major depression are major public health problems, posing enormous 

challenges in the decades to come (1,2). Both obesity and MD increase the risk of adverse 

health outcomes, such as diabetes II, cardiovascular diseases, premature death and 

disability (1,2). Major depression is even expected to be one of the top leading causes of 

disability adjusted life years by 2030 in high-income countries (1). In the European Union 

area, the costs of depression were estimated at 92 billion Euro in 2010, with lost 

productivity due to absenteeism (being off work due to sickness) and presenteeism (being 

present at work while ill) representing over 50% of all costs related to depression (3). It 

has been shown that a broad range of occupational health problems including depression 

is strongly associated with obesity, making obesity a prevailing problem in the working 

population (4-6). Previous studies that examined obesity in working populations are 

mainly focused on absenteeism (7,8), less is known about productivity loss at work due to 

obesity.  

Both obesity and major depression can impair work performance. Work 

performance impairment (WPI) refers to productivity loss at work due to health 

problems. WPI is an increasing problem in aging workforces and has enormous cost 

implications for individuals, companies and society as a whole (9,10). Earlier, cross-

sectional studies showed that major depression is associated with high WPI (11,12). 

Higher body weight and an excess of visceral fat are also associated with productivity loss 

(5-7). However, it is not known whether obesity and major depression jointly affect high 

WPI and if the risk of major depression on high WPI further increases in obese individuals 

or not.  

There are 3 main reasons to examine their interaction or joint effect on WPI. First, 

obesity and depression are bidirectionally related, and neither obesity nor major 

depression fully precedes the other regarding the effect of WPI (i.e., no sole mediation). 

Then, it would be interesting to examine the joint effect of these two risk factors on high 

WPI and to estimate to what extent their joint effect differs from the sum of their 

separate effects on high WPI. Second, obesity and major depression share around 12 to 

20% pleiotropic genes, and it seems that they might have a common etiology which make 

them valuable to examine (13-17). Third, both obesity and depression are associated with 

a global burden of disease and disability (1,2). In terms of their effects on the risk of high 
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WPI, obesity and major depression may interact thereby augmenting or reducing the 

effect of one another. If obesity and major depression exacerbate a common pathway, we 

expect to observe a substantially elevated risk of WPI in people with both exposures.  

The interaction between 2 exposures of interest on a certain outcome can best be 

measured by statistical interaction on the additive scale using measures such as the 

relative excess risk due to interaction (RERI) and attributable proportion (AP) (18,19). A 

statistical interaction on the additive scale is more relevant to disease prevention and 

workplace health promotion programs in vulnerable workers than an interaction on the 

multiplicative scale, which is relevant in disease etiology (18). For example, if the joint 

effect of obesity and major depression surpasses the sum of their separate effects, then a 

reduction of either obesity or major depression would also reduce the risk of the other 

factor regarding high WPI. In terms of clinical decision making, then someone with major 

depression can reduce his/her risk regarding high WPI even more by losing weight than 

someone without major depression.  

The main objective of the present study was to examine the longitudinal separate 

and joint effects of obesity and major depression on WPI. We used the RERI and AP as 

measures to test the hypothesis that the joint effect of obesity and major depression on 

high WPI is larger than the sum of the separate effects of obesity and major depression 

on high WPI. To our knowledge, there is no study to date that investigated this 

hypothesis.  
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METHODS  

Study design and population  

We derived data (2004-2013) from an ongoing longitudinal cohort study, the Netherlands 

Study of Depression and Anxiety (NESDA). This study examines the etiology, course, and 

consequences of depressive and anxiety disorders (20). A total of N=2,981 persons were 

included, aged 18 through 65 years, with a current depressive or anxiety disorder, with 

subthreshold symptoms, and controls without lifetime diagnoses of depressive or anxiety 

disorder. Recruitment took place in the community, primary care, and secondary care. 

Exclusion criteria were 1) a primary clinical diagnosis of another psychiatric disorder (i.e. 

psychotic disorder, obsessive-compulsive disorder, bipolar disorder, or severe addiction 

disorder), and 2) not being fluent in Dutch. The NESDA study protocol was approved by 

the Ethical Review Board of the VU University Medical Center and subsequently by local 

review boards of each participating center. After full verbal and written information about 

the study, written informed consent was obtained from all participants. The study was 

conducted in accordance with the Declaration of Helsinki. 

Out of the NESDA population (N=2981), we selected 1726 respondents who had a 

paid job for 8 or more hours per week at baseline. We took this cutoff because the 

employee should have been at work at least 1 day a week to be able to report the WPI 

information and to be consistent with previous NESDA studies (11-12). This constituted 

the final study sample. After the baseline measurement, we conducted extensive face-to 

face and questionnaire-based assessments were conducted at 2-year, 4-year and 6-year 

follow-up. The loss to follow-up regarding WPI measurements (availability of less than 

two measurements) was 27% and was associated with higher age, lower educational 

status, depressive disorder, but not with gender, weight status and anxiety disorder.  

 

Measurements  

General and abdominal obesity   

We assessed general obesity with the body mass index (BMI; weight in kilograms divided 

by the square of height in meters). We calculated BMI from body weight (kg) and height 

(m) measured at baseline (t0), at 2-year (t1), 4-year (t2) and 6-year (t3) follow-up. We 

classified the participants into two BMI categories according to the standard international 

classification of the World Health Organization (WHO): non-obese < 30 kg/m2, and obese 
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≥ 30.0 kg/m2.  We defined abdominal obesity as having a waist circumference (WC) of 

≥102 cm and ≥88 cm for males and females, respectively (21, 22). 

 

Major depression  

We assessed major depression by the Composite International Diagnostic Interview (CIDI 

2.1), a highly reliable and valid instrument for assessing depressive and anxiety disorders. 

The CIDI is a structured clinical interview and diagnoses according to definitions and 

criteria of the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-IV) (23). The CIDI contains questions directly corresponding to the symptoms of axis 

I psychiatric disorders listed in the DSM-IV. It translates the criteria of DSM-IV into 

questions that can be readily and reliably answered by the general population. 

Participants were diagnosed at baseline (t0), at 2-year (t1), 4-year (t2) and 6-year (t3) 

follow-up. The interview was conducted by CIDI-trained interviewers (e.g. graduate 

students in psychology) under the supervision of clinicians. As remitted major depression 

was not associated with obesity (24), we dichotomized current major depression into 

individuals who were diagnosed positive and negative for the DSM-IV criteria of major 

depression in the past six months (25).  

 

Work performance impairment  

We measured work performance impairment (WPI) with the Trimbos/Institute for 

Medical Technology Assessment Questionnaire for Costs Associated with Psychiatric 

Illness (26). We used the following questions/items to assess WPI: ‘On how many days in 

the last six months have you been working while hindered by health problems?’ and ‘How 

efficient have you been working on the days that you were at work but were also 

hindered by health problems?’(11). The scores range between 0 (inefficient) and 1 

(efficient). We computed WPI with the following formula, in which a higher rate indicates 

more impairment.   

 

WPI = 
# days hindered during last half year∗ (1−efficiency)∗ # working hours per day    

# working hours per week 
 

For example, the WPI rate of someone working 8 hours per day, 40 hours a week, who 

reported 25 days hindered, and a score of 0.8 at the efficiency scale, is 25 x (1-0.8) x 

8/40=1. The variable ranged from 0 to 39 and did not meet normality assumptions. 
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Therefore, we dichotomized WPI (low; high) by taking the highest quartile (> 1.60) as 

cutoff point (11). 

 

Covariates 

Covariates concerned sociodemographic characteristics (age, gender, educational status 

and working hours). Age was used as a continuous variable. Educational level was 

categorized into low (primary and lower secondary education), middle (higher secondary 

education) and high (tertiary or higher education). Anxiety disorders were assessed by the 

CIDI 2.1 and defined as having a diagnosis of anxiety disorders at least once during their 

lifetime.  

 

Statistical analysis  

We analyzed data in 3 steps. First, we described the characteristics of the cohort using 

means and proportions by obesity and major depression status.  

Second, we examined the separate effects of general obesity, abdominal obesity 

and major depression on high WPI using Generalized Estimating Equations (GEE). GEE 

allows correlated observations over time and missing values at different measurement 

points (27). We used an exchangeable correlation structure to take within subject 

dependencies into account. In this structure the correlations between subsequent 

measurements were assumed to be the same, irrespective of the length of the time 

interval. The goodness of fit was checked by Quasi likelihood under Independence model 

Criterion (QIC) in time-lag models. In these models, the value of the outcome WPI at tx+1 

(x= 0, 1,…) was longitudinally associated with obesity or/and major depression at time-

point tx over 6-years (28). The odds ratios (OR) resulting from GEE logistic regression 

analyses can be interpreted as the longitudinal relationships between the predictors 

(obesity or depression or their combination) with high WPI (28). All analyses were 

adjusted for age, gender and educational status. We adjusted for any potential 

relationship between age and the determinants and outcome by including age and age-

squared in the models. Interactions between obesity and major depression x gender and 

obesity and major depression x time were checked by entering the centered interaction 

terms in the gender or time-adjusted models for the outcome variable.  
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Third, we examined whether the joint effect of obesity and major depression on 

high WPI is larger than the sum of separate effects of obesity and major depression on 

high WPI. We created a 4-category variable, non-obese and non-depressed, obese, 

depressed, and both obese and depressed. If obesity is present, then i=1 otherwise i=0. If 

major depression is present, then j=1 otherwise j=0. Then, ORij represented the OR in 

both obese and depressed category i, j. The three OR estimates [(i.e.OR11, OR10, OR01), 

and OR00 (reference category)] were computed from the GEE analyses. We assumed that 

obesity and major depression modify each other regarding the risk of high WPI, and that 

neither of them fully precedes the other. We also assumed that the effects of both 

exposures on high WPI were unconfounded. The presence of interactions on the additive 

scale was assessed by using the RERI and the AP. RERI was defined as: RERI=OR11-OR10-

OR01+1, and AP=RERI/ OR11. CIs for the RERI and AP were calculated using Andersson et 

al’s algorithm with covariances of parameter estimates from GEE models (18,19). A 

positive interaction of obesity and major depression with high WPI is reflected by a RERI 

or AP >0, while a RERI or AP < 0, represents a negative interaction of obesity and major 

depression; RERI or AP=0 indicates that there is no interaction (additivity) in the 

association of obesity and major depression with WPI. The presence of interaction on the 

multiplicative scale was assessed by including the product term (obesity x major 

depression) in the obesity and major depression adjusted model, and defined as OR11/ 

OR10 xOR01 , which reflects whether the joint effect of obesity and major depression was 

larger than the product of the separate effects of obesity and major depression on high 

WPI. 

All statistical analyses were performed using SPSS version 20.0. Effects were 

considered significant when 95%-CI of OR and RERI did not contain one and zero, 

respectively.   
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RESULTS  

Characteristics of the sample  

Table 1 shows the baseline characteristics of the 1,726 respondents by obesity and major 

depression status. At baseline, the prevalences of general obesity and abdominal obesity 

were 14% and 32%, respectively. A total of 555 employees (32%) was diagnosed with 

major depression in the past six months. The prevalences of general and abdominal 

obesity in participants with major depression were 18% and 34%, respectively. Out of 

those participants diagnosed with major depression, 72% were diagnosed with anxiety 

disorder at least once during their lifetime. Most workers (80%) were white collar (non-

manual) workers. High WPI at baseline was significantly correlated with WPI at 2-year 

(kappa, k=0.20), 4-year (k=0.18) and at 6-year (k=0.13) follow-up (p<0.001), indicating 

stability of WPI over time.  

 

Table 1: Baseline characteristics of sample by obesity and major depression status: 

Netherlands study of depression and anxiety, 2004-2007 

  

 

Characteristics  

Total 

population 

(N=1726)  

Non-obese 

and no MD 

(n=1024)  

Obese 

without MD  

(n=147) 

MD without 

obesity  

(n=457)  

Both obesity 

and MD 

(n=98)  

ANOVA/ 

χ2 

Age, mean (SD) 41.0 (11.7) 40.7 (11.9) 46.5 (11.0) 39.4 (11.3) 43.3 (10.0) p<0.001 

Females, (%)  64.6 64.6 59.2 68.1 57.1 p<0.05 

Educational status, (%)       

 Low   4.2 2.6 7.5 5.5 10.2 p<0.001 

 Middle   53.1 47.8 62.6 57.8 73.5  

 High  42.7 49.6 29.9 36.8 16.3  

Working hours, mean (SD) 31.1 (10.7) 30.8 (10.1) 33.1 (13.5) 30.8 (10.5) 32.5 (12.9) p<0.05 

Abdominal obesity
a
, (%) 31.7 21.7 95.2 20.1 95.9 p<0.001 

Anxiety disorder, (%)  55.8 47.9 49.0 71.6 75.5 p<0.001 

High WPI, (%) 24.7 14.9 24.5 42.2 44.9 p<0.001 

a: Waist circumference (WC) ≥ 102 cm for male and 88 cm for  female; MD: major depression; Obesity 
(BMI ≥30kg/m2); WPI: work performance impairment  
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Longitudinal relationship between obesity and WPI 

We found longitudinal associations between general and abdominal obesity at tx and high 

WPI at tx+1 (OR (95%-confidence interval, CI)): =1.45 (1.16; 1.80) and 1.34 (1.12; 1.59), 

respectively. Adjustment for age, gender and educational status slightly attenuated the 

estimates for the longitudinal association between general and abdominal obesity and 

high WPI (Table 2). No significant interactions between gender x obesity and time x 

obesity on high WPI were found.  

 

Table 2: The longitudinal relation between obesity at tx and major depression at tx with 

high WPI at tx+1: Netherlands study of depression and anxiety, 2004-2013  

 

 

Longitudinal relationship between major depression and WPI 

We found a longitudinal association between major depression at tx and high WPI at tx+1  

OR= 1.66 (1.38; 2.00). After adjustment for age, gender and educational status, the 

association attenuated but remained statistically significant (Table 2). No significant 

interactions between gender x major depression, and time x major depression on high 

WPI were found. 

 

Longitudinal joint effect of obesity and major depression on WPI 

We found a longitudinal joint association of general obesity and major depression at tx 

and high WPI at tx+1 was found as compared to non-obese and non-depressed 

counterparts OR= 2.57 (1.77; 3.74) (Table 3). After adjustment for age, gender and 

Predictors  c High work performance impairment (WPI) 

 OR (95%-CI) aORb (95%-CI) 

Non-obese  Reference  Reference  

Obesity (BMI≥30kg/m2) 1.45 (1.16; 1.80) 1.35 (1.08; 1.69) 

No abdominal obesity Reference Reference 

Abdominal obesity a 1.34 (1.12; 1.59) 1.23 (1.03; 1.48) 

No major depression  Reference Reference 

Major depression  1.66 (1.38; 2.00) 1.63 (1.35; 1.96) 

OR: Odds ratio; 95%-CI: 95%-confidence interval; b Adjusted for age, gender and educational 
status. a: Waist circumference (WC) ≥ 102 cm for male and 88cm for female; c reference: low 
WPI.  Bold figures reflect statistically significant estimates (p<0.05) 
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educational status, the association attenuated but remained statistically significant 

OR=2.36 (1.61; 3.44). The joint association of general obesity and major depression on 

high WPI was additive RERI= 0.57 (-0.46; 1.60) and AP= 0.22 (-0.11; 0.55). The interaction 

on the multiplicative scale was OR=1.15 (0.71; 1.85) (Table 3 and Figure 1). Similarly, the 

joint association of abdominal obesity and major depression on high WPI was additive 

RERI= -0.09 (-0.46; 0.61) and AP= -0.04 (-0.39; 0.30). The interaction on the multiplicative 

scale was OR=0.84 (0.57; 1.24). 

  

Table 3: The longitudinal separate and joint associations of obesity tx and major 

depression tx with high WPI tx+1: Netherlands study of depression and anxiety, 2004-

2013 

 

 

 

 

 

 

 

 

Predictors  

c 
High work performance impairment (WPI)

 

OR  

(95%-CI) 

aOR
a
  

(95%-CI) 

Additivity  

RERI (95%-CI)
§
 

Multiplicativity  

OR (95%-CI)
Ψ

 

General obesity and major depression     

Non-obese and non-depressed  Reference  Reference   

Obesity (BMI≥30kg/m2)  1.39 (1.07; 1.80) 1.31 (1.01; 1.70)   

Major depression  1.62 (1.31; 1.99) 1.59 (1.29; 1.96)   

Both obese and depressed 2.57 (1.77; 3.74) 2.36 (1.61; 3.44) 0.57 (-0.46; 1.60) 1.15 (0.71; 1.85) 

Abdominal obesity and major depression  

Non-obese and non-depressed Reference  Reference     

Abdominal obesity 
b
 1.39 (1.14; 1.70) 1.29 (1.05; 1.58)   

Major depression  1.77 (1.40; 2.24) 1.74(1.37; 2.20)   

Both obese and depressed 2.07 (1.55; 2.78) 1.88 (1.40; 2.53) -0.09 (-0.79; 0.61) 0.84 (0.57; 1.24) 

OR: Odds ratio; 95%-CI: 95%-confidence interval; RERI: Relative excess risk due to interaction; 
a 

adjusted for 

age, gender and educational status at baseline. 
b
: Waist circumference (WC) ≥ 102 cm for male and 88cm for 

female;
 c
 reference: low WPI.

  §
: departure from additivity; RERI=OR11-OR10-OR01+1= 2.57-1.39- 1.62+1=0.57.

 Ψ
: 

Departure from multiplicativity; OR11/ OR10 OR01=2.57/1.62*1.39=1.15. Bold figures reflect statistically 

significant estimates (p<0.05) 
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Figure 1: Cumulative risk of high work performance impairment associated with the 

separate and joint exposures to obesity and major depression: Netherlands study of 

depression and anxiety, 2004-2013 
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DISCUSSION  

To our best knowledge, this is the first study examining the longitudinal effects of general 

and abdominal obesity, major depression and their combination on high WPI over 6-year 

follow-up. Obesity and major depression were independently associated with an 

increased risk of high WPI. Moreover, the combination of obesity and major depression 

was also associated with an increased risk of high WPI. The interactions between obesity 

and major depression on high WPI on the additive and the multiplicative scale were in the 

expected direction (i.e. positive interaction), but not statistically significant. This refutes 

the hypothesis that the joint effect of obesity and major depression on high WPI is larger 

than the sum of the separate effects of obesity and major depression on high WPI.  

Our finding that obesity was longitudinally associated with an increased risk of 

high WPI is consistent with a nationwide prospective cohort study in the US (29). That 

study found that obesity among employed women was associated with more self-

reported work limitations when compared with normal-weight employed women (29). 

Dutch and Swedish studies also found associations of obesity with high productivity loss 

at work and work impairment (30-32). These findings across countries suggest that 

obesity is a global public and occupational health problem with a strong relationship with 

WPI.  

The finding that major depression was longitudinally associated with an increased 

risk of high WPI confirms conclusions of a systematic review (33) that showed a robust 

relationship between depressive disorders and work limitations. Several other studies 

have also reported consistent findings regarding the association of major depression and 

productivity loss at work (12,34-37). However, another Dutch study, the Netherlands 

Mental Health Survey and Incidence Study (NEMESIS), found no association between 

major depression/anxiety and impaired work performance (34). Possible explanations for 

this discrepancy are the differences in sampling and in assessment of major depression 

between the NEMESIS and NESDA cohort studies. NEMESIS comprised a representative 

sample of the general population, while NESDA included individuals with anxiety and 

depressive disorders from the community, primary and secondary healthcare (20). The 

prevalence of depression in the NEMESIS study was lower (5.2%) and concerned at 

average milder cases compared to NESDA (34). This might also be due to the different 

DSM versions that were used to assess major depression. The NEMESIS study used DSM-
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III, while NESDA used the updated version, DSM-IV. In the DSM-IV, a clinical significance 

criterion for depression has been included that requires the depressive symptoms to 

cause clinically significant impairment in social activities, or occupational or other 

functioning (23).  

We found that the observed joint effect of obesity and major depression on high 

WPI was slightly larger than would have been expected on the additive scale. For the joint 

exposures obesity and major depression, the additional risk of high WPI was 157%, while 

the risk attributable to obesity and major depression was 101% (39% to obesity and 62% 

to major depression), leading to a RERI=0.57. However, the RERI was not statistically 

significant. A possible explanation for the non-significant interaction between obesity and 

major depression on high WPI is that there is a tendency that patients with major 

depression or anxiety show clinical recovery over time even though residual symptoms of 

depression or anxiety often persist (38,39). This characteristic of major depression might 

influence the interaction effect on high WPI. It has also been shown that obesity is more 

strongly associated with more severe and chronic forms of major depression as opposed 

to a current and a broader diagnosis of major depression (25,40). Moreover, the interplay 

between obesity and major depression may need more time to lead to an actual 

interaction effect beyond additive effects. Another, more pragmatic explanation why the 

RERI is not significant is the rather small sample size for the subgroup analysis of obesity 

and major depression status categories with WPI.  

It is possible that major depression shares genetic and complex biologic etiologic 

substrates with obesity (13, 41, 42), which could explain the observed joint effect of 

obesity and major depression on high WPI (i.e. positive direction on the additive and 

multiplicative scale). For instance, gene-environment interactions may have activated the 

hypothalamic-pituitary-adrenal axis, which subsequently has led to depression and 

aggravation of obesity. Moreover, the alteration of neurotransmitters’ function and 

hormonal disturbances play an important role in the development and maintenance of 

both obesity and depressive disorders (41,42). Obesity and major depression are also 

independent risk factors for chronic conditions such as cardiovascular diseases, diabetes, 

and musculoskeletal disorders (1,2). These mechanisms and comorbidities could explain 

the observed joint effect of obesity and major depression on high WPI in our study 

population.  



95 
 

Strengths and limitations  

The major strength of our study is its prospective design. We were able to examine 

longitudinal associations of obesity and major depression at one point in time with high 

WPI two years later over a 6-year follow-up period using time-lag models (i.e. the 

temporal association was maintained). This supports assumptions on causality, though 

not conclusive ones. Moreover, we used psychiatric interviews to diagnose major 

depression instead of self-reports as often used before. We assessed obesity using two 

anthropometric measurements i.e. BMI and WC, as many researchers have been 

criticizing the BMI for its inadequate reflection of body composition, which does not 

differentiate between fat mass and lean body mass, or between abdominal adiposity and 

general fatness. We have estimated interactions on additive and multiplicative scales. 

We should also keep some limitations in mind. First, the NESDA study is a 

representative sample of a population with common mental disorders (i.e. depressive and 

anxiety disorders). Due to this, a rather large proportion of the participants had prevalent 

depressive or anxiety disorders, implying that non-depressed obese employees may be 

underrepresented. Nevertheless, we expect that the resulting study cohort is 

representative and generalizable to other settings in high income countries because the 

prevalence of obesity in our study (14%) is comparable with that in the Dutch population 

(12%) (44), and within the range of the WHO European region prevalence (10-30%) (1). 

Furthermore, large-scale epidemiological studies have shown that the prevalence of both 

depression and anxiety disorders in the Netherlands is in the range of other high income 

countries such as the US, Germany or Canada (45). The structure of the Dutch Health Care 

System is also comparable to that of several other European countries (e.g. UK, Germany) 

in which the general practitioner serves as the gatekeeper. In NESDA, 50% of the 

participants were recruited via general practices.  

Another limitation with respect to the outcome might be that the WPI measure 

which was based upon self-report and not on employer-reported data may have been 

biased by depressive or anxiety symptoms. However, it has been shown that self-reported 

decreased work performance is highly correlated with employer payroll records (43). 

Finally, we used the number of days the respondent worked while hindered by health 

problems to compute WPI. It is not known explicitly whether the impairment was caused 

by depressive or anxiety disorders or by any other specific disease.  
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Implications of the study  

The findings demonstrate that obesity and major depression are important public and 

occupational health problems. Both obesity and major depression are separately and 

jointly associated with an increased risk of high WPI. Probably, more severe and/or 

recurrent forms of major depression might further increase the risk of high WPI in obese 

employees, as obesity is more strongly associated with recurrent or chronic depression 

than single or short episodes of major depression (40). If the RERI is confirmed in further 

studies, the joint effect of obesity and major depression on high WPI could have public 

and occupational health implications. Intervening on obesity may be more beneficial for 

individuals with major depression compared to those without major depression regarding 

the risk of high WPI. Hence, further research is needed to reexamine the joint effect of 

obesity and major depression in relation to high WPI in larger sample sizes and in the 

general population.   

 

Conclusions  

In conclusion, our study suggests that there is a longitudinal relationship of obesity, 

abdominal obesity and major depression with an increased risk of high WPI. The 

longitudinal joint effect of obesity and major depression on high WPI implies that 

intervening on obesity may be more beneficial for individuals with major depression 

compared with those without major depression regarding the risk of high WPI, if 

confirmed in a large representative sample.   
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ABSTRACT 

Background: Obesity and major depressive disorder (MDD)/anxiety disorders often co-

occur and aggravate each other resulting in adverse health-related outcomes. As little is 

known about the potential  effects of interaction between obesity and MDD/anxiety 

disorders on health-related quality of life (HR-QoL), this study was aimed at examining 

these combined effects. 

Methods: We collected data among N=89,332 participants from the LifeLines cohort 

study. We categorized body weight using body mass index (kg/m2) as normal weight 

(18.5- 24.99), overweight (25-29.9), mild obesity (30-34.9) and moderate/severe obesity 

(≥ 35); we measured abdominal obesity using a waist circumference of ≥102 and ≥ 88 cm 

for males and females, respectively. MDD and anxiety disorders were diagnosed with the 

Mini-International Neuropsychiatric Interview. HR-QoL was assessed using the RAND-36 

questionnaire to compute physical and mental quality of life scores. We used binary 

logistic and linear regression analyses.  

Results: The combined effect of obesity and MDD/anxiety disorders on physical and 

mental QoL was greater than the sum of their separate effects; regression coefficients, B 

(95%-confidence interval, 95%-CI) were: -0.81 (-1.01; -0.62) and -0.32 (-0.53; -0.11), 

respectively. With increasing body weight, participants report poorer physical QoL; when 

they also have MDD/anxiety disorders participants reported even poorer physical QoL. In 

persons without MDD/anxiety disorders, obesity was associated with a better mental 

QoL.  

Conclusions: Obesity and MDD/anxiety disorders act synergistically on physical and 

mental QoL. The management of MDD/anxiety disorders and weight loss may be 

important routes to improve HR-QoL. 
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INTRODUCTION  

Obesity, major depressive disorder (MDD) and anxiety disorders are major public health 

problems, posing enormous challenges for decades to come (1,2). Obesity and 

MDD/anxiety disorders are associated with long-term disability, morbidity and mortality, 

and enormous economic costs (3-5). Since the 1980s the prevalence of obesity has tripled 

in many countries of the World Health Organization (WHO) European Region, and 

continues to rise at an alarming rate. The rate of MDD/anxiety disorders has also 

increased in the past decade. For instance, in the UK the incidence of depressive 

symptoms rose threefold from the baseline of 5.11/1000 person years in 1996 to 

15.5/1000 person years in 2006 (4,6). MDD is even expected to be one of the top leading 

causes of disability-adjusted life years in 2030 (7). Obesity and MDD/anxiety have become 

the most serious health risks today, and are associated with major chronic diseases such 

as cardiovascular diseases, type 2 diabetes, orthopedic problems and certain kinds of 

cancer (8,9).  

 Coexistence of chronic physical conditions with MDD/anxiety disorders may have 

even worse consequences, including a poorer health-related quality of life (HR-QoL) (10). 

HR-QoL has gained increasing interest as an outcome measure in clinical practice and 

public health settings (11). Alley et al showed that obesity is associated with poor QoL, 

especially due to its earlier age of onset and long-term exposure (12). MDD/anxiety 

disorders are also associated with significant reductions in HR-QoL (4). During a 

depressive episode, a patient’s level of HR-QoL is the same as that of a patient with a 

severe stroke (13).  

 Several studies have reported that obesity and MDD/anxiety disorders often co-occur 

and are bidirectionally inter-related (14-16). However, obesity and MDD/anxiety disorders 

have more often been considered separate conditions without taking into account their 

potential interaction on HR-QoL. For example, the effect of general and abdominal 

obesity on HR-QoL may further increase in persons with MDD/anxiety disorders as 

compared to those without such disorders. Abdominal obesity in particular is more 

important than general obesity in reflecting body composition and obesity-related 

consequences. However, little is known about the potential interaction effects between 

both kinds of obesity and MDD/anxiety disorders on poor HR-QoL. The main reasons to 

examine their interaction or combined effect on HR-QoL are: 1) obesity and MDD are 
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bidirectionally related and overlapping risk factors for major chronic diseases (14-18); 2) 

patients with obesity and MDD share pleiotropic genes (12-20%) and have many common 

features that make them valuable to examine as a distinct population of interest (14-

16,19,20); and 3) both obesity and MDD/anxiety disorders lead to an enormous individual 

and global burden of disease and disability (1,2). Therefore, obesity and MDD/anxiety 

disorders may interact, thereby augmenting one another’s effect on HR-QoL and 

substantially reducing the HR-QoL in people with both exposures.   

 The interaction between obesity and MDD/anxiety disorders on HR-QoL can best be 

measured by statistical interaction on the additive scale (21). On the one hand, 

knowledge on interaction effects on the additive scale could provide useful empirical 

evidence for public health interventions in vulnerable groups; on the other hand, 

knowledge on interactions on the multiplicative scale would be more relevant in disease 

etiology (22). For instance, if the combined effect of obesity and MDD/anxiety disorders 

surpasses the sum of their separate effects, then intervening on obesity might also reduce 

the effect of MDD/anxiety disorders on poor HR-QoL and vice versa.  

 Therefore, the aim of this study was to examine the combined effect of obesity and 

MDD/anxiety disorders on HR-QoL and to determine whether the effect of obesity on HR-

QoL further increases in persons with and without MDD/anxiety disorders. Interaction on 

the additive scale was used as a measure to test the hypothesis that the combined effect 

of obesity and MDD/anxiety disorders on HR-QoL was larger than the sum of their 

separate effects.  
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MATERIAL AND METHODS 

Study design and population  

Data were collected in the ongoing LifeLines Cohort Study, a multi-disciplinary prospective 

population-based cohort study examining in a unique three-generation design the health 

and health-related behaviors of 167,729 persons living in the north of The Netherlands. 

The study employs a broad range of investigative procedures to assess the biomedical, 

socio-demographic, behavioral, physical and psychological factors which contribute to the 

health and disease of the general population, with a special focus on multi-morbidity and 

complex genetics. The design of the LifeLines Cohort Study has been described elsewhere 

(23). For our study we included N=89,332 persons, who were enrolled between 

November 2006 and June 2013. Inclusion criteria for the present study were: age 18 years 

and older, psychiatric diagnosis, anthropometric measurements, and complete data on 

HR-QoL. 

 The LifeLines study protocol was approved by the Ethical Review Board of the 

University Medical Center Groningen. After receiving full verbal and written information 

about the study, all participants gave written informed consent. The study was conducted 

in accordance with the Declaration of Helsinki.  

 

Measurements  

General and abdominal obesity   

General obesity was assessed using the body mass index (BMI). The BMI was calculated 

from measured body weight (kg) and height (m). Participants were classified into four BMI 

classes according to the standard international classification of the World Health 

Organization (WHO): normal weight (BMI: 18.5- 24.99 kg/m2), overweight (BMI 25.0–

29.99 kg/m2), mild obesity (BMI 30.0-34.99 kg/m2) and moderate/severe obesity (BMI ≥ 

35.0 kg/m2). Abdominal obesity was defined using objectively measured waist 

circumference (WC) of ≥102 cm and ≥88 cm for males and females, respectively (24). 

Because the use of BMI has been criticized for its inadequate reflection of body 

composition we included abdominal obesity to make our analyses robust. Anthropometric 

measurements were conducted by nurses during a visit at the LifeLines test location.  
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Major depressive disorders (MDD) and anxiety disorders  

MDD and anxiety disorders (generalized anxiety disorder (GAD), social phobia, panic and 

agoraphobia) were assessed by using the Mini-International Neuropsychiatric Interview 

(MINI) (25). The MINI is a short structured diagnostic interview. It is compatible with 

international diagnostic criteria, including the International Classification of Diseases (ICD-

10) and the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-IV) (25). The MINI was designed to meet the need for a short (15 minutes) but 

accurate structured psychiatric interview for epidemiological studies. The MINI has an 

excellent inter-rater reliability (Kappa, k > 90), and high retest reliability (k=0.87 for MDD, 

k=0.78 for anxiety disorders) (25). The MINI interview was conducted by trained 

interviewers. Although MDD and anxiety disorders differ regarding symptoms and 

treatment, they frequently co-exist and are both regarded as internalizing disorders, and 

represent overlapping variations of emotional distress in response to life stressors and 

difficulties(26). As the prevalence of MDD (2.3%) was relatively low for subgroup analysis 

we therefore combined MDD with anxiety disorders, as MDD/anxiety disorders. 

 

Health-related quality of Life (HR-QoL) 

HR-QoL was assessed with use of the RAND-36 questionnaire. The RAND-36 is a generic 

and widely applied measure of HR-QoL, designed for use in clinical practice and research, 

health policy evaluations, and general population surveys (19). It has been adapted for 

use in various countries, including the Netherlands (27,28). The questionnaire covers 

eight dimensions: Physical Functioning, Role Limitations due to Physical Functioning (Role-

Physical), Bodily Pain, General Health, Vitality, Social Functioning, Role Limitations due to 

Emotional Functioning (Role-Emotional), and Mental Health. Two summary scores of QoL 

can be calculated: the physical component summary (PCS) and the mental component 

summary (MCS) scores. reflecting physical and mental QoL, respectively. These summary 

scores provide information on the patient’s physical and mental QoL in just two values, 

thereby reducing the number of statistical analyses needed and offering easier 

interpretation of the data (29). The PCS- and MCS-scores have good discriminant validity 

for identifying differences between clinically meaningful groups (30). The eight domains 

and two summary scores range from 0 to 100, with higher scores indicating better HR-

QoL. PCS- and MCS-scores were computed using recommended scoring algorithms (31), 
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and standardized by linear z-score transformation to have a mean of 50 and standard 

deviations of 10 in the general US population.  

 

Covariates 

Covariates concerned sociodemographic characteristics (age, sex and educational status), 

lifestyle factors (smoking, alcohol consumption and physical exercise) and common 

chronic conditions (cardiovascular diseases, hypertension, diabetes, rheumatoid arthritis 

and cancer). Age was measured in years. Educational level was categorized into low 

(primary and lower secondary education), middle (higher secondary education) and high 

education (tertiary or higher education). Physical exercise was defined as the frequency 

per week in which the respondent typically engaged in moderate physical activities (e.g. 

walking, bicycling, gardening and household work) for at least half an hour; it was then 

categorized into high (twice or more per week), medium (once per week) and low (do not 

exercise/ hardly per week). Smoking status was dichotomized into current smokers and 

non-smokers. Alcohol intake was assessed based on intake frequency and the average 

number of units consumed on a drinking day. The number of alcoholic drinks per week 

was determined by multiplying the number of drinking days per week by the average 

number of units consumed on a drinking day. The number of alcoholic drinks/week was 

then divided by 7 to obtain the average number of alcoholic drinks per day. High alcohol 

consumption was defined as drinking more than an average of 2 drinks of alcohol per day 

(32). Common chronic illnesses were assessed by taking the current and/or past history of 

chronic physical conditions (i.e. cardiovascular diseases, hypertension, diabetes, 

rheumatoid arthritis and cancer) (27,33). 

 

Statistical analysis  

First we described participants’ sociodemographics, lifestyle factors, psychopathology and 

chronic conditions as frequencies, means and standard deviations, using the four BMI 

categories and abdominal obesity status. The associations of BMI categories and 

abdominal obesity with MDD/anxiety disorders were assessed using binary logistic 

regression. 

 Second, we assessed the average deviation in HR-QoL scores for overweight, obese 

(mild to moderate or severe) persons compared to normal weight persons by 
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MDD/anxiety disorder status, using one-way analysis of variance (ANOVA).  Third, we 

examined the combined effect of obesity and MDD/anxiety disorders on physical and 

mental QoL. We assessed the presence of interactions by testing the significance of the 

increment in squared multiple correlation (ΔR2) by including the product terms 

(overweight/obesity x MDD/anxiety disorders) in the model adjusted for obesity and 

MDD/anxiety disorders, and also by testing whether the coefficient for the product terms 

differs from 0 (34). The regression coefficient of the product term (β) reflects interaction 

as departure from additivity, and is the absolute value difference between the combined 

effect and the separate effects of obesity and MDD/anxiety disorders on physical and 

mental QoL (21). The combined effect of obesity and MDD/anxiety disorders on physical 

or mental QoL as measured on a continuous scale is given by the sum of the separate 

effects of obesity, MDD/anxiety disorders and the product term. A synergistic effect of 

obesity and MD/anxiety on physical and mental QoL is reflected as a B < 0, while B > 0 

represents a negative interaction (antagonistic) of obesity and MDD/anxiety disorders on 

physical and mental QoL; B=0 represents no interaction effect of obesity and 

MDD/anxiety disorders on physical and mental QoL.  

 Fourth, using linear regression models, we examined the association of BMI 

categories with physical and mental QoL in persons with and without MDD/anxiety 

disorders. In these analyses we tested four different models of general and abdominal 

obesity to adjust for other variables potentially affecting the associations of obesity 

and/or MDD/anxiety disorders with physical and mental QoL. Model 1 tested the crude 

association of overweight and obesity categories with physical and mental QoL compared 

to normal weight category, and stratified by MDD/anxiety disorder status. Model 2 

adjusted additionally for socio-demographic factors (i.e. age, sex and education). In Model 

3, lifestyle factors (i.e. physical exercise, smoking and alcohol) were added, and Model 4 

contained all variables from Model 3 plus major chronic conditions (i.e. cardiovascular 

diseases, hypertension, diabetes, rheumatoid arthritis and cancer).  

 All analyses were performed using SPSS statistical software (SPSS version 22.0). A 

two-sided p<0.05 was considered statistically significant. 
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RESULTS  

Sample characteristics 

Table 1 shows the characteristics of participants (N=89,332) by BMI categories and 

abdominal obesity status. The prevalences of overweight, mild obesity, moderate/severe 

obesity and abdominal obesity were 40%, 12%, 4% and 36% respectively, and of 

MDD/anxiety disorders was 11%.  In addition, mild, moderate/severe and abdominal 

obesity were associated with MDD/anxiety disorders (odds ratio, OR (95% confidence 

interval, CI): = 1.20 (1.12; 1.28), 1.81 (1.65; 1.99) and 1.40 (1.34; 1.46)), respectively. 

Overweight was not associated with MDD/anxiety disorders OR = 0.96 (0.91; 1.01). 

In Table 2 and Figure 1 we present the average deviation in HR-QoL domains in 

participants with obesity and MDD/anxiety disorders as compared with normal weight 

counterparts. On all physical health measures and health perceptions overweight and 

obese persons had a significantly poorer HR-QoL than normal weight persons (Table 2). 

However, overweight and normal weight participants showed no difference in 

psychosocial aspects of HR-QoL (social functioning and emotional role) (p<0.01). 
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Table 1: LifeLines cohort characteristics by BMI categories and abdominal obesity  
 

  Body weight categories  Abdominal 
obesitya  

N=32,231 
(36.1) 

 
Characteristics  

Total  
N=89,332 

Normal weight 
N=39960 (44.7) 

Overweight  
N=35,355 
(39.6) 

Mild obesity  
N=10,551 
(11.8) 

Moderate/severe 
obesity 

N=3,466 (3.9) 

Age, mean (SD) 44.4(12.3) 41.8 (12.3) 46.5 (12.0) 47.0 (11.7)  45.3 (11.0) 47.6 (11.8) 
Sex, females, (%) 58.6 65.5 49.3 57.9 75.2 70.7 
Educational status, (%)       

 High  29.7 35.7 27.1 20.2 16.0 22.1 
 Middle   40.2 40.6 39.6 39.7 41.8 39.3 
 Low 30.1 23.7 33.4 40.1 42.2 38.6 

Frequency of exercise, (%)        
High (≥ 2x/wk)  86.8  87.9 87.0 84.0 79.5 84.6 
Medium (1x/wk) 8.6 8.0 8.7 10.0 11.5 9.7 
Low (No or hardly/wk)  4.6 4.1 4.3 6.0 9.0 5.7 

Current smokers, (%)  21.5 22.5 21.1 19.8 18.6 20.3 
High alcohol consumption, (%)  8.0 6.8 9.5 8.7 5.3 7.5 
Major depression/anxiety, (%) 10.6 10.3 10.0 12.2 17.3 12.8 
Common chronic conditions        

Hypertension, (%)  25.3 15.9 28.1 41.8 51.7 37.1 
Cardiovascular diseases, (%) 3.3 2.4 3.6 4.6 6.1 4.6 
Diabetes, (%)  2.3 0.8 2.3 5.4 9.1 4.4 
Rheumatoid arthritis, (%) 3.2 2.4 3.2 5.0 8.5 5.2 
Cancer, (%)  4.4 4.0 4.7 4.6 4.5 5.4 

HR-QoL (PCS, MCS)       
PCS, mean (SD)  51.3 (7.2) 52.3 (6.6) 51.2 (7.1) 49.2 (8.3) 46.8 (9.4) 49.6 (8.1) 
MCS, mean (SD) 52.6 (8.4) 52.2 (8.4) 53.1 (8.1) 52.7 (8.8) 51.8 (9.8) 52.3 (7.2) 

HR-QoL: Health-related quality of life; PCS: physical component summary score; MCS: mental component summary score; Underweight/normal 
weight (BMI<25 kg/m2), overweight (BMI 25.0–29.99 kg/m2), mild obesity (BMI 30.0-34.99 kg/m2) and moderate/severe obesity (BMI ≥ 35.0 
kg/m2); a: Waist circumference (WC) ≥ 102 cm for males and ≥88cm for females. 
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Table 2: Average deviation with standard error in health-related quality of life (HR-QoL) domains in participants by BMI categories and 

MDD/anxiety disorders  

 

HR-QoL domains 

 

No MDD/anxiety disorder (n=79820) MDD/anxiety disorder (n=9,512) 

Under/normal 

weight,  

mean (SD)a 

Overweight 

b(SE) 

 

Mild obesity 

b(SE) 

 

Moderate/severe 

Obesity b(SE) 

Under/norma

l weight,  

mean (SD)a 

Overweight 

b(SE) 

 

Mild obesity 

b(SE) 

Moderate/severe 

Obesity, b(SE) 

Physical function  93.6 (11.2) -2.7 (0.1) -7.2 (0.2)  -13.7 (0.3)  87.6 (15.9) -3.8 (0.4)  -11.1 (0.6) -19.4 (0.8) 

Role-physical 89.7 (25.9) -1.2 (0.2)  -5.3 (0.3)  -9.0 (0.5)  73.9 (38.0) -3.9 (0.9)  -11.5 (1.3) -17.4(1.7) 

Role-emotional  93.9 (20.2) 0.2 (0.2) -1.3 (0.2)  -2.5 (0.4)  64.9 (42.2) 2.0 (1.0) -3.0 (1.4) -9.4 (1.9) 

Social functioning 89.9 (15.5) 0.2 (0.1)  -1.4 (0.2)  -3.6 (0.3)  69.7 (24.7) 0.6 (0.6) -2.7 (0.8) -8.7 (1.1) 

Bodily Pain 86.9 (17.2) -1.6 (0.1)  -4.9 (0.2) -8.7 (0.4)  76.5 (21.7) -2.0 (0.5) -6.9 (0.7) -12.1 (1.0) 

Mental health 81.1 (11.7) 1.1 (0.1)  0.7 (0.1)  -0.5 (0.2)  63.2(17.9) 1.3 (0.4) 0.1 (0.6) -3.8 (0.8)  

Vitality 69.6 (15.4) 0.2 (0.1) -2.2 (0.2) -5.4 (0.3)  52.7 (18.9) -0.2 (0.4) -2.8 (0.6) -7.4 (0.8)  

General health  69.7 (11.6) -0.6 (0.1) -1.8 (0.1)  -4.5 (0.2)  63.2 (14.3) -1.2 (0.3) -3.7 (0.5) -7.5 (0.6)  

PCS  52.4 (6.3) -1.0 (0.1)  -2.8 (0.1)  -5.0 (0.1)  51.1 (8.6) -1.8 (0.2) -4.5 (0.3) -7.0 (0.4)  

MCS 53.4 (6.8) 0.7 (0.1)  0.7 (0.1)  0.6  (0.1)  42.1 (12.4)  1.3 (0.3)  0.8 (0.4) -1.0 (0.5)  

a: Reference group; SD: standard deviation;  b: average deviation with standard error; MDD: major depressive disorder; HR-QoL: Health related quality of life; 
PCS: physical component summary score; MCS: Mental component summary score;  Underweight/normal weight (BMI<25 kg/m2), overweight (BMI 25.0–
29.99 kg/m2), mild obesity (BMI 30.0-34.99 kg/m2) and moderate/severe obesity (BMI  ≥ 35.0 kg/m2); Bold figures reflect statistically significant estimates 
(p<0.05). 
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Figure 1: The average score deviation in RAND-36 dimensions and summary scores 

across BMI categories in persons with and without major depression/anxiety 
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The combined effect of obesity and MDD/anxiety disorders on HR-QoL 

The combined effect of obesity and MDD/anxiety disorders on physical and mental QoL 

was greater than the sum of the separate effects of obesity and MDD/anxiety disorders 

(B=-0.82, 95%CI: -1.01; -0.62 and B=-0.35, 95%CI: -0.56; -0.15), respectively (Table 3). The 

interaction effect sizes of B=0.82 and 0.35 indicated that the combined effect of obesity 

and MDD/anxiety disorders on physical and mental QoL was greater than the additive 

effect.   

 

Table 3: The separate association of obesity, major depression or anxiety and their 

interactions with physical and mental quality of life 

 

Tables 4 and 5 present the associations of physical and mental QoL across BMI categories 

and abdominal obesity stratified by MDD/anxiety disorder status. Overweight, mild, 

moderate/severe and abdominal obesity were associated with a poorer physical QoL in 

persons with MDD/anxiety disorders compared to normal weight persons B (95%-CI) = -

1.24 (-1.74; -0.75),-3.15 (-3.84; -2.47),  -5.53 (-6.46; -4.60) and -1.99 (-2.43; -1.56), 

respectively  (Table 4). There were no associations of mild general obesity and abdominal 

obesity with mental QoL in persons with MDD/anxiety disorders with B (95%-CI) = 0.71 (-

0.21; 1.63) and 0.23 (-0.39; 0.84), respectively (Table 5).

Parameter  
 

Physical QoL (PCS-score)  Mental QoL (MCS-score)  

Crude estimate  
B(95%-CI) 

Adjusted estimate 
B(95%-CI)

a
 

 Crude estimate  
B(95%-CI) 

Adjusted  
B(95%-CI)

a
 

Obesity  -2.84 (-2.98; -2.70) -2.17 (-2.33; 2.01) 0.34 (0.20; 0.50) 0.37 (0.20; 0.54) 
Major 
depression/anxiety  

-0.80 (-0.89; -0.72) -0.64 (-0.74; -0.54) -5.52 (-5.61; -5.43) -5.12 (-5.23; -5.02) 

Obesity x Major 
depression/anxiety  

-0.82 (-1.01; -0.62) -0.70 (-0.92; -0.48) -0.35 (-0.56; -0.15) -0.40 (-0.63; -0.16) 

Constant 
 
 51.91 (51.86; 51.96) 57.28 (56.98; 57.59) 53.74 (53.68; 53.80) 52.98 (52.65; 53.30) 

Note: PCS: physical component summary score; MCS: Mental component summary score; Obesity (BMI ≥ 30.0 
kg/m2) compared to non-obese. 

a
: Adjusted for age, sex, educational status, smoking, exercise, alcohol 

consumption and major chronic conditions (i.e. cardiovascular diseases, hypertension, diabetes, rheumatoid 
arthritis and cancer). For instance, the combined effect of obesity and major depression/anxiety on PCS-score was 
= -2.84 -0.80-0.82= -4.46, while the sum of individual effects of obesity and major depression/anxiety assuming no 
interaction was =-2.84-0.80=-3.64. The departure from additivity is given by= -4.45- (-3.64)=-0.82, by definition, 
the regression coefficient of the product term.   
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Table 4: Crude and adjusted regression coefficients (B) for physical quality of life with general and abdominal obesity categories, stratified 
by major depression/anxiety  
 

 

 
Mental disorder and body weight 
 

 
 
N (%) 

Physical component summary score of HR-QoL 

 
Model 1   
B (95%-CI) 

 
Model 2  
B (95%-CI) 

 
Model 3  
B (95%-CI) 

 
Model 4  
B (95%-CI) 

No major depression/anxiety (n=79,820)     
Normal weight  35854 (44.9) Reference  Reference  Reference  Reference 

Overweight  31833 (39.9) -1.07 (-1.19; -0.95) -0.74 (-0.86; -0.61) -0.73 (-0.85; -0.60) -0.64 (-0.76; -0.52) 

Mild obesity  9266 (11.6) -2.87 (-3.05; -2.69) -2.37 (-2.55; -2.19) -2.34 (-2.52; -2.16) -1.87 (-2.05; -1.70) 
Moderate/severe obesity  2867 (3.6) -5.05 (-5.35; -4.75) -4.49 (-4.79; -4.19) -4.44 (-4.73; -4.14) -3.55 (-3.84; -3.26) 

No abdominal obesity  51708 (64.8) Reference Reference Reference  Reference 

Abdominal obesity  28112 (35.0) -2.36 (-2.48; -2.25) -1.75 (-1.87; -1.64) -1.72 (-1.84; -1.60) -1.37 (-1.49; -1.26) 

Major depression/anxiety (n=9,512)     
Normal weight  4106 (43.2) Reference Reference Reference Reference 
Overweight  3522 (37.0) -1.87 (-2.36; -1.38) -1.40 (-1.89; -0.90) -1.40 (-1.89; -0.91) -1.24 (-1.74; -0.75) 
Mild obesity  1285 (13.5) -4.35 (-5.02; -3.67) -3.64 (-4.32; -2.97) -3.62 (-4.30; -2.95) -3.15 (-3.84; -2.47) 
Moderate/severe obesity 599 (6.3) -6.97(-7.89; -6.05) -6.30 (-7.21; -5.39) -6.20 (-7.11; -5.28) -5.53 (-6.46; -4.60) 

No abdominal obesity  5393 (56.7) Reference Reference  Reference Reference 
Abdominal obesity  4119 (43.3) -3.39 (-3.84; -2.23) -2.68 (-3.13; -2.23) -2.64 (-3.09; -2.19) -1.99 (-2.43; -1.56) 

Note: HR-QoL: Health related quality of life; Normal weight (BMI: 18.5-24.99 kg/m2), overweight (BMI 25.0–29.99 kg/m2), mild obesity (BMI 30.0-34.99 kg/m2) and 
moderate/severe obesity (BMI ≥ 35.0 kg/m2); B; regression coefficient; 95%-CI: 95%-confidence interval; Model 1: Crude estimate; Model 2: Model 1 plus 
sociodemographic factors (i.e. Age, sex, educational status); Model 3: Model 2 plus lifestyle factors (i.e. smoking, exercise, alcohol consumption); Model 4: Model 3 plus 
major chronic conditions (i.e. cardiovascular diseases, hypertension, diabetes, rheumatoid arthritis and cancer); Bold figures reflect statistically significant estimates 
(p<0.05).
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Table 5: Crude and adjusted regression coefficients (B) for mental quality of life with general and abdominal obesity categories stratified by 
major depression/anxiety  
 

 
 

 
 
 

 
Mental disorder and body 
weight  
 

 
 
          
            N (%) 

Mental component summary score (MCS) of HR-QoL 

 
Model 1  
B (95%-CI) 

 
Model 2  
B  (95%-CI) 

 
Model 3  
B (95%-CI) 

 
Model 4  
B (95%-CI) 

No major depression/anxiety (n=79,820)     
Normal weight  35854 (44.9) Reference Reference Reference Reference 
Overweight  31833 (39.9) 0.67 (0.55; 0.79) 0.11 (-0.01; 0.23) 0.12 (-0.01; 0.24) 0.19 (0.07; 0.31) 

Mild obesity   9266 (11.6) 0.66 (0.48; 0.84) 0.19 (0.01; 0.37) 0.20 (0.01; 0.38) 0.38 (0.20; 0.56) 

Moderate/severe obesity  2867 (3.6) 0.58 (0.29; 0.88) 0.49 (0.20; 0.80) 0.48 (0.18; 0.77) 0.77 (0.47; 1.06) 

No abdominal obesity  51708 (64.8) Reference Reference  Reference Reference 

Abdominal obesity  28112 (35.0) 0.22 (0.11; 0.34) 0.19 (0.07; 0.31) 0.20 (0.08; 0.32) 0.34 (0.22; 0.45) 
Major depression/anxiety (n=9,512)     

Normal weight  4106 (43.2) Reference Reference  Reference Reference 
Overweight  3522 (37.0) 1.34 (0.69; 2.00) 0.89 (0.23; 1.55) 0.83 (0.17; 1.49) 0.98 (0.32; 1.64) 

Mild obesity   1285 (13.5) 0.95 (0.05; 1.85) 0.45 (-0.3446; 1.35) 0.31 (-0.60; 1.21) 0.71 (-0.21; 1.63) 
Moderate/severe obesity  599 (6.3) -1.56 (-2.79; -0.59) -1.82 (-3.04;-0.59) -1.90 (-3.12; -0.68) -1.33 (-2.58; -0.09) 

No abdominal obesity  5393 (56.7) Reference  Reference Reference Reference 

Abdominal obesity  4119 (43.3) 0.63 (0.05; 1.22) -0.06 (-0.66; 0.54) -0.11 (-0.71; 0.49) 0.23 (-0.39; 0.84) 

Note: HR-QoL: Health related quality of life; Normal weight (BMI: 18.5-24.99kg/m2), overweight (BMI 25.0–29.99 kg/m2), mild obesity (BMI 30.0-34.99 kg/m2) and 
moderate/severe obesity (BMI ≥ 35.0 kg/m2); B; regression coefficient;95%-CI: 95%-confidence interval; Model 1: Crude estimate; Model 2: Model 1 plus sociodemographic 
factors (i.e. Age, sex, educational status); Model 3: Model 2 plus lifestyle factors (i.e. smoking, exercise, alcohol consumption); Model 4: Model 3 plus major chronic 
conditions (i.e. cardiovascular diseases, hypertension, diabetes, rheumatoid arthritis and cancer ); Bold figures reflect Statistically significant estimates (p<0.05).
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DISCUSSION  

In this large, representative cohort study, we found that the combined effects of obesity 

and MDD/anxiety disorders on physical and mental QoL were greater than the sum of 

their separate effects. Moreover, general and abdominal obesity were significantly 

associated with a poorer physical QoL in persons with and without MDD/anxiety disorders 

after adjustment for potential confounders. General and abdominal obesity were found 

to be associated with better mental QoL in persons without MDD/anxiety disorders. This 

association was not found in persons with MDD/anxiety disorders after adjustment for 

potential confounders.  

The combined effect of obesity and MDD/anxiety disorders on physical QoL was 

significantly greater than the sum of their estimated separate effects. As indicated in the 

interaction model, the average physical QoL for obese persons (BMI≥30) with 

MDD/anxiety disorders was 4.46 points (SD=0.44) lower than that of non-obese non-

depressed persons. With sufficient-cause interaction in mind, obesity and MDD/anxiety 

disorders are component causes that act in concert and are associated with poor physical 

QoL. Obesity may interact with MDD/anxiety disorders, whereby each augments the 

effect of the other on physical QoL. Although this finding is based on cross-sectional data, 

it seems plausible because obesity shares genetic and complex biologic etiologic 

substrates with MDD/anxiety disorders (14,20,35). Obesity and MDD/anxiety disorders 

are also inflammatory states both of which can contribute to morbidity and poorer 

physical conditions (14,20,35). In addition, subtypes of both obesity and MDD/anxiety 

disorders are assumed to be related to stress. The extreme model of stress is Cushing’s 

disease, which is characterized by endogenous overproduction of adrenocorticotrophin 

(ACTH) and cortisol (36). This chronic hypercortisolism induces (abdominal) obesity and 

depressive symptoms, and severely reduced HR-QoL, conditions which are all known to 

improve in the majority of patients after treating the disease by surgery or medication 

(36). Hence, the current study shows that joint exposure of obesity and MDD/anxiety 

disorders decreases physical QoL, and the joint association of obesity and MDD/anxiety 

disorders is greater than the additive effect.   

The combined effect of obesity and MDD/anxiety disorders on mental QoL was 

also significantly greater than the sum of their separate effects. The interaction model 

indicates that mean mental QoL scores were 5.52 points lower in obese persons (BMI≥30) 
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with MDD/anxiety disorders than in those without such disorders. This underlines the 

findings of Atlantis et al (37), who reported  mean mental QoL scores of 39% to 43% 

points lower in all BMI groups with MDD compared to groups with normal weight and 

without MDD. Although the excess reduction of the mental QoL score is expected to be 

related to MDD/anxiety disorders, being obese may further decrease mental QoL. In 

Western societies, where being thin is considered attractive, obesity might impact on an 

individual’s body image and self-esteem, and thus be a source of clinically significant 

distress or depression, thereby reducing the quality of life (38). Hilbert et al have also 

shown that obese persons taking part in social activities face more stigma and prejudice 

than do non-obese persons (39).  

Furthermore, multivariate analyses showed that general and abdominal obesity 

were consistently associated with a poorer physical QoL in persons both with and without 

MDD/anxiety disorders. This finding is in line with a systematic review and several other 

studies (40-43), which found a robust relationship between overweight, obesity and 

poorer HR-QoL. The severity of obesity and treatment-seeking behavior might be 

underlying factors linking obesity and poor physical QoL (41). Higher body weight and an 

excess of visceral fat are associated with higher rates of health care utilization (41). Obese 

persons who had sought treatment or tried to lose weight were significantly more 

impaired on physical measures (e.g. bodily pain, general health and vitality) of HR-QoL 

than those who did not try to lose weight (41). As presented in this study, the physical 

measures of HR-QoL showed significant linear reductions in obese persons, and the 

greatest decline (20 points lower) was observed in obese persons with MDD/anxiety 

disorders (Figure 1). Therefore, all forms of obesity are associated with poorer physical 

QoL, and the associations may even be stronger in obese persons who also have 

MDD/anxiety disorders.  

We did not find associations of general and abdominal obesity with mental QoL in 

persons with MDD/anxiety disorders. The associations were explained by lifestyle factors 

and chronic conditions. However, in persons without MDD/anxiety disorders, both 

general and abdominal obesity were significantly associated with a better mental QoL 

after adjustment for potential confounders. This finding contradicts those of Cameron et 

al (40) and Vetter et al (43), who found that BMI change was associated with a decrease 

in mental QoL. Laaksonen et al and Renzaho et al reported no association between 
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obesity and mental QoL and other mental health domains (42,44). Possible explanations 

for these discrepancies are differences in the assessment of MDD and anxiety disorders, 

the study population and confounding factors. Most of the previous studies used self-

reported measures of MDD/anxiety disorders (37,43), while the present study used a 

psychiatric interview. In previous studies the potential interactions between obesity and 

MDD/anxiety disorders were also not considered. Generally, mental health problems 

could be expected in obese persons because of the stigma associated with excess body 

weight, but some obese persons appear to have essentially normal psychosocial 

functioning. This might be due to several underlying factors such as perceived body 

image, self-esteem, and the level of severity and persistence of depressive disorders in 

obese persons (45-47). Taken together, these results indicate that the joint exposures of 

obesity and MDD/anxiety disorders are associated with poorer physical and mental QoL; 

obesity alone, however, has no effect on mental QoL in the general population. 

 

Strengths and limitations  

The major strength of our study is the nature of the study population, which is derived 

from the general population and both large and well-characterized. The sample size of 

N=89,332 participants allowed us to perform subgroup analysis with different BMI 

categories and MDD/anxiety disorder status. Moreover, a comprehensive assessment of 

chronic conditions, a psychiatric interview, and two anthropometry metrics, i.e. BMI and 

WC, were used. The similar results for BMI and WC suggest that our results are robust.  

The main limitation of our study is its cross-sectional nature; i.e. inferences 

concerning the direction of the observed associations between obesity, MDD/anxiety 

disorders and HR-QoL cannot be made. Moreover, the use of the RAND-36 may be a 

limitation, as it has be criticized by many researchers for its inadequate reflection of HR-

QoL. The RAND-36 may also not cover all essential health aspects pertinent to a particular 

disease. However, it does have the advantage of enabling HR-QoL comparisons across 

different diseases. It has been shown to have a high degree of responsiveness to diseases, 

by which it discriminates between people in different categories of overweight and 

obesity, as presented here. Nevertheless, it is highly important to use a multidimensional 

instrument embracing different health aspects that do not necessarily correlate to each 

other, such as obesity specific measures, like the impact of weight on quality of life 
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(IWQoL-Lite). Furthermore, misclassification may have occurred in the measurements of 

smoking and alcohol consumption, which were based on self-administered 

questionnaires. However, earlier studies have showed that self-reported smoking status 

and alcohol consumption can be used with notable confidence and provide an estimate 

comparable to the actual consumption (32,48). Finally, because data on the binge eating 

disorder was not available we were not able to analyse the potential role of this variable 

in the association of obesity and MDD/anxiety with poor HR-QoL. Further studies are 

needed to assess the potential role of BED.     

 

Practical and policy implications  

In this large, representative study, we showed that in the general population the 

combination of obesity and MDD/anxiety disorders is associated with a poor HR-QoL. This 

combined effect may have implications for prevention and public health measures if 

confirmed in prospective studies. The magnitude of the impact of obesity and 

MDD/anxiety disorders on a range of HR-QoL dimensions indicates that the successful 

management of depression in the primary care setting would result in a significant 

alleviation of suffering in obese adults. In light of this, the weight-increasing side effects of 

many commonly used antidepressants should also be considered. Where possible, a more 

restrained use of those antidepressants with the greatest weight stimulating effects 

would seem advisable, in particular for obese persons (49). Several studies have shown 

that a weight loss program can lead to a significant reduction in depression scores (50). 

Thus, monitoring depressive and anxiety symptoms is important in obese persons, and 

maintaining normal weight or reducing excess weight would be by far the best approach 

to improve the HR-QoL.  

 

Conclusions  

In conclusion, the combined effect of obesity and MDD/anxiety disorders on HR-QoL is 

greater than the sum of the separate effects of obesity and MDD/anxiety disorders on HR-

QoL. Moreover, both general and abdominal obesity are associated with poor physical 

QoL. General and abdominal obesity without MDD/anxiety disorders are associated with 

better mental QoL. Longitudinal studies are needed to explore the causal pathways 

between obesity, MDD/anxiety disorders and HR-QoL.  
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ABSTRACT  

Objectives: We examined the longitudinal associations of obesity, major depression 

(MD)/anxiety, and their combination with health care utilization (HCU) and costs. 

Methods: We collected longitudinal data (2004-2013) among N=2706 persons from an 

ongoing cohort study, the Netherlands Study of Depression and Anxiety at baseline and 2-

, 4, and 6-year follow-up. Obesity was defined as having a body mass index of ≥ 30kg/m2, 

and abdominal obesity was defined as a waist circumference of ≥102 for males and ≥ 88 

cm for females. MD and anxiety were assessed with the Composite International 

Diagnostic Interview. HCU concerned reported primary and specialized care visits, and 

hospitalizations and costs. We used generalized estimating equations for longitudinal 

modeling.  

Results: Obesity and abdominal obesity were longitudinally associated with an increased 

risk of primary care visits and hospitalizations 2 years later over 6-year follow-up. 

MD/anxiety was longitudinally only associated with primary care visits. The combination 

of obesity and MD/anxiety was associated with an increased risk of primary and specialty 

care visits, and of hospitalizations, odds ratios (95%-confidence intervals): 1.83 (1.44; 

2.34), 1.31 (1.06; 1.61) and 1.79 (1.40; 2.29), but the relative excess risks due to 

interaction were non-significant. The primary and specialty care costs were higher in 

persons with obesity and MD/anxiety, mean cost ratios = 1.56 (1.27; 1.91) vs 1.36 (1.15; 

1.61) than in persons without these conditions.   

Conclusions: Obesity along with MD/anxiety leads to higher use of care and costs over 

time. Integrated obesity and depression management efforts may help to reduce the 

overall health care use and costs.  
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INTRODUCTION  

Obesity is the major contributing cause of type 2 diabetes, coronary artery disease, 

stroke, gallbladder disease, musculoskeletal disorders, and certain cancers, as well as all-

cause mortality (1-3). Obesity is consistently associated with increased health care 

utilization (HCU) such as primary and specialized care, and hospitalizations, imposing large 

and increasing health care costs on society (4-6). Bertakis et al showed that obesity 

(BMI≥30) and severe obesity (BMI > 40) have been associated with a 50% and 100% 

increase in per capita health care costs, respectively (4,5). 

MD and anxiety are also major public health problems and are associated with a 

number of physical conditions, such as cardiovascular diseases, type 2 diabetes and 

cancer, among others (3,7). Vogelzangs et al showed that persons with current 

MD/anxiety disorders were 1.37, 3.54, 4.96 and 4.75 times more likely to have stroke, 

coronary heart disease, angina pectoris and myocardial infarction compared to those 

without MD/anxiety, respectively (7). It has also been estimated that one in three adult 

primary care patients has a full or subclinical depressive disorder (8-10).  

Evidence is growing that obesity and MD/anxiety often co-occur and are inter-

related (11-18). The potential vicious cycle between these two conditions is assumed to 

be centered around inflammation (19), since both obese and depressed persons exhibit 

increased inflammatory markers, such as C-Reactive Protein (CRP), interleukin (IL)-6, and 

Tumor Necrosis Factor (TNF)-alpha (19-21). These inflammatory markers are found to be 

associated with an increased risk of chronic diseases (19). Obesity and MD/anxiety also 

share pleiotropic genes, and it seems that they might have a common etiology which 

make them valuable to examine (14,17,22-24). This suggests that obesity and MD/anxiety 

exacerbate each other through a common pathway, i.e. inflammation or genetic 

susceptibility thereby increase chronic diseases morbidity. Thus, we expect that persons 

with both obesity and MD/anxiety have markedly increased HCU and associated costs 

compared to persons with either of the condition alone. This leads to a hypothesis that 

the joint association of obesity and MD/anxiety is stronger than the sum of their separate 

associations regarding HCU and health care costs. Therefore, the main objective of the 

present study is to examine the separate and joint longitudinal associations of obesity and 

MD/anxiety with risks of increased HCU and costs over time.  
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METHODS  

Study design and population  

Data were derived from an ongoing longitudinal cohort study, the Netherlands Study of 

Depression and Anxiety (NESDA). NESDA examines the etiology, course, and 

consequences of depressive and anxiety disorders (25). A total of N=2,981 persons were 

included, aged 18 through 65 years recruited from the community, general practice and 

secondary care. Exclusion criteria were 1) a primary clinical diagnosis of another 

psychiatric disorder (i.e. psychotic disorder, obsessive-compulsive disorder, bipolar 

disorder, or severe addiction disorder), and 2) not being fluent in Dutch. From the original 

cohort of N=2981 subjects, we included N=2706 persons with complete data on the 

variables of interest at baseline. 

After baseline measurement (2004-2007), extensive face-to-face and 

questionnaire-based assessments at 2-year (2006-2009), 4-year (2008-2013) and 6-year 

(2010-2013) follow-up were conducted. The loss to follow-up (i.e. not having at least one 

follow-up) was 19%, and was associated with lower educational status and occurrence of 

depressive/anxiety disorders, but not with age, gender, household income and obesity.  

The NESDA study protocol was approved by the Ethical Review Board of the VU 

University Medical Center and subsequently by local review boards of each participating 

center. After full verbal and written information about the study, written informed 

consent was obtained from all participants. The study was conducted in accordance with 

the Declaration of Helsinki. 

 

Measurements  

General and abdominal obesity  

We assessed general obesity with the body mass index (BMI), calculated from body 

weight (kg) and height (m) measured at each wave. Participants were classified into two 

BMI categories according to the standard international classification of the World Health 

Organization (WHO): non-obese < 30 kg/m2, and obese ≥ 30.0 kg/m2. Abdominal obesity 

was defined as having a waist circumference (WC) of ≥102 cm for males and ≥88 cm for 

females (26,27). 
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Major depression and anxiety  

Major depression and anxiety were assessed using the Composite International Diagnostic 

Interview (CIDI), version 2.1, at each wave. The CIDI is a highly reliable and valid 

structured clinical interview and diagnoses according to definitions and criteria of the 

fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) (28). 

The interview was conducted by CIDI-trained interviewers (e.g. graduate students in 

psychology) under the supervision of clinicians. As remitted MD/anxiety is not associated 

with obesity (29), current MD/anxiety was dichotomized into individuals who were 

diagnosed positive and negative for the DSM-IV criteria of MD/anxiety in the past six 

months (30).  

 

Health care utilization  

Health care utilization (HCU) concerned outpatient visits to primary and specialty care, 

and hospitalizations at each wave. This information was assessed by the Trimbos/iMTA 

questionnaire on healthcare consumption and illness (Tic-P) (31). The following questions 

were used to assess outpatient and inpatient visits for this study: 1) ‘Did you have contact 

with your physician in the last six months?’  If yes, ‘how many times have you been 

contacted your physician during the last six months? And were any of these contacts 

related to mental health problems (yes/no)? ’ 2) ‘Did you have any contact with a medical 

specialist in a general hospital in the last six months? If yes, how many contacts did you 

have with a medical specialist in the last six months?’ 3) ‘Have you been admitted to a 

hospital in the last 6 months?’  

Health care costs for outpatient visits were calculated by multiplying the number 

of General practitioner (GP) contacts/visits by €29, and of specialty care visits by €75 (32). 

The recall period of the questions was 6 months, and the annualized costs were 

calculated by multiplying the estimated costs by two. All costs are expressed in Euro (€). 

As the number of participants admitted to a hospital > 1 was very few during 6 months, 

we did not calculate the hospitalization costs. We assumed that primary and specialty 

care costs can be used as a proxy for hospitalization costs.  
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Statistical analyses 

Data were analyzed in four steps. First, we described the baseline sample characteristics 

by obesity and/or MD/anxiety status. Second, we examined the separate longitudinal 

associations of general obesity tx, abdominal obesity tx, and MD/anxiety tx with HCU tx+1  

using GEE (Generalized Estimating Equations) binary logistic regression (33,34), with tx 

being a given wave and tx+1 being the next wave. All analyses were adjusted for age and 

gender. We also adjusted for any potential relationship between age and the 

determinants and outcome by including age and age-squared in the models. We checked 

interactions between obesity and/or MD/anxiety × gender and obesity and/or 

MD/anxiety × time by entering the interaction terms in the gender or time-adjusted 

models for the outcome variable. 

  Third, we examined whether the joint association of obesity tx and MD/anxiety tx 

with HCU tx+1  is stronger than the sum of separate associations of obesity and MD/anxiety 

with HCU. We created a 4-category variable, non-obese and non-depressed, obese, 

depressed/anxiety, and both obese and depressed/anxiety. If obesity was present, then 

i=1 otherwise i=0. If MD/anxiety disorders was present, then j=1 otherwise j=0. Then, ORij 

represented the OR in both obese and depressed/anxiety category i, j. The three OR 

estimates [(i.e.OR11, OR10, OR01), and OR00 (reference category)] were computed from GEE 

analyses. The RERI was used to assess the additional risk due to joint exposures of obesity 

and MD/anxiety compared to the sum of the separate risks for obesity and MD/anxiety 

regarding higher HCU. Relative excess risk due to interaction (RERI) was defined as: 

RERI=OR11-OR10-OR01+1 (35,36). A positive interaction of obesity and MD/anxiety with 

HCU is reflected by a RERI >0, while a RERI < 0, represents a negative interaction of 

obesity and MD/anxiety; RERI=0 indicates that there is no interaction (additivity) in the 

association of obesity and MD/anxiety with HCU. Confidence intervals (CIs) for the RERI 

were calculated using covariances of parameter estimates from GEE models (35,36). 

Fourth, we examined the separate and joint associations of obesity tx and 

MD/anxiety tx with health care costs 2 years later during a 6 year follow-up using GEE-

time lag models. Given the skewed nature of the health care costs for primary and 

specialty care variables, we used GEE with a log-link function and a gamma distribution 

(37). GEE gamma regression model results should therefore be interpreted in terms of 

proportional or multiplicative differences (38,39).  For instance, In Table 3, 188 /148=1.27, 
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indicates that obese persons have 1.27 times higher increase in primary care costs 

compared to their non-obese counterparts, which is equivalent to 27% increase in costs 

for obese persons.   

All statistical analyses were performed using SPSS version 22.0. Effects were 

considered significant when P<0.05.   
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RESULTS  

Characteristics of the sample  

Table 1 shows the baseline characteristics of N=2706 subjects by obesity and/or 

MD/anxiety status. At baseline, the prevalences of general obesity and abdominal obesity, 

and MD/anxiety were 16%, 35% and 57%, respectively. The median (interquartile range, 

IQR) number of primary and speciality care visits during 6 months were 2 (1 to 3) and 0 (0 

to 1), respectively. The annual health care costs (€) associated with primary and speciality 

care by obesity and/or MD/anxiety status are depicted in Table 1.  

 

Separate associations of obesity and MD/anxiety with HCU  

Longitudinal associations were found between general and abdominal obesity at tx  and 

primary care visits at tx+1  (OR (95%-confidence interval, CI)): 1.44 (1.21; 1.70) and 1.38 

(1.22; 1.57), specialized care visits at tx+1  OR=1.24 (1.07; 1.45) and 1.27 (1.13; 1.43), and 

hospitalizations at tx+1 OR=1.66 (1.39; 1.98) and 1.75 (1.52; 2.02), respectively. Adjustment 

for age and gender slightly attenuated the associations but these remained statistically 

significant except for specialty care visits (Table 2). General and abdominal obesity at tx  

were not associated with primary care visits due to mental problems at tx+1  with OR=1.17 

(0.96; 1.42) and 1.05 (0.90; 1.23), respectively.  

We also found a longitudinal association between MD/anxiety at tx  and primary 

care visits at tx+1 OR=1.35 (1.20; 1.52). Adjustment for age and gender slightly attenuated 

the association, but remained statistically significant. However, MD/anxiety at tx was not 

associated with specialty care visits and hospitalizations at tx+1 (Table 2).  
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Table 1 Baseline characteristics of sample and HCU and costs by obesity and major depression/anxiety status  

 

 

Characteristics  

Total 

population  

(N=2706) 

Non-obese and 

no MD/anxiety 

(N=1000) 

Obese without 

MD/anxiety 

(N=170) 

MD/anxiety 

without obesity  

(N=1262) 

Both obese and 

MD/anxiety 

(N=274) 

P-value  

Age (years, ± SD)  41.8 (13.0) 41.7 (13.9) 47.7 (12.6) 40.5 (12.2) 44.7 (11.2) P>0.05 

Women, (%)  65.5 64.8 65.9 65.8 66.8 P>0.05 

Educational status, (%)        

Low 5.9 3.2 8.8 6.1 13.1 P<0.001 

Middle  57.8 51.6 60.0 59.9 69.7  

High 36.3 45.2 31.2 34.0 17.2  

Abdominal obesity, (%) 35.1 23.0 95.9 23.1 96.7 P<0.001 

Health care use and costs (€)       

Primary care visits a, (%)  83.4 74.2 80.0 89.2 92.7 P<0.001 

Visits because of mental problem, (%) 38.1 10.1 10.6 59.4 59.9 P<0.001 

Specialty care visits, (%) 34.3 31.9 35.3 34.9 39.8 P>0.05 

Hospitalizations, (%) 6.3 5.3 7.6 6.3 9.5 P>0.05 

Primary care costs (€), mean (SD)  158.4 (185.8) 103.0 (112.1)  124.9 (123.2) 185 .9 (198.1) 254.9 (283.7) P<0.001 

Specialty care costs (€), mean (SD) 147.3 (355.6) 121.8 (317.7) 175.6 (368.5) 153.1 (370.0) 196.5 (402.0) P<0.001 

 Note.
 a

 all visits to doctor, telephonic consultations, and visits of the physician at respondents' home; ANOVA for continous variables and chi-square 

for categorical variables. 
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Table 2: The longitudinal separate and joint associations of obesity tx, major depression/anxiety tx, and their combination with health care 

use tx+1 

 Health care utilization 

Predictors Primary care visits Visits due to mental problem  Specialist visits  Hospitalizations  

 OR (95%CI) aOR
a
 (95%CI) OR (95%CI) aOR

a
 (95%CI) OR (95%CI) aOR

a
 (95%CI) OR (95%CI) aOR

a
 (95%CI) 

Non-obese  Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Obesity (BMI≥30kg/m2)
 
 1.44 (1.21; 1.70) 1.36 (1.15; 1.61) 1.17 (0.96; 1.42) 1.17 (0.96; 1.42) 1.24 (1.07; 1.45) 1.15 (0.98; 1.34) 1.66 (1.39; 1.98) 1.60 (1.34; 1.91) 

No abdominal obesity Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Abdominal obesity
 b

 1.38 (1.22; 1.57) 1.24 (1.09; 1.42) 1.05 (0.90; 1.23) 1.05 (0.90; 1.23) 1.27 (1.13; 1.43) 1.10 (0.99; 1.22) 1.75 (1.52; 2.02) 1.63 (1.40; 1.90) 

No depression/anxiety Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Major depression/anxiety 1.35 (1.20; 1.52) 1.35 (1.20; 1.52) 2.36 (2.03; 2.74) 2.31 (1.99; 2.68) 1.09 (0.99; 1.21) 1.01 (0.91; 1.13) 1.12 (0.98; 1.28) 1.13 (0.99; 1.29) 

General obesity & MD/anxiety         

Non-obese and non-depressed Reference  Reference Reference Reference Reference Reference Reference Reference 

Obesity (BMI≥30kg/m2)  1.43 (1.15; 1.78) 1.35 (1.08; 1.68) 1.25 (0.94; 1.66) 1.25 (0.94; 1.66) 1.21 (1.00; 1.47) 1.11 (0.91; 1.34) 1.70 (1.35; 2.12) 1.64 (1.30; 2.06) 

Major depression/anxiety  1.35 (1.19; 1.53) 1.35 (1.19; 1.54) 2.41 (2.04; 2.84) 2.35 (1.99; 2.78) 1.09 (0.97; 1.22) 1.09 (0.97; 1.23) 1.15 (0.99; 1.34) 1.16 (0.99; 1.35) 

Both obese and depressed/anxious 1.92 (1.51; 2.45) 1.83 (1.44; 2.34) 2.62 (2.01; 3.41) 2.55 (1.95; 3.33) 1.40 (1.13; 1.72) 1.31 (1.06; 1.61) 1.84 (1.44; 2.36) 1.79 (1.40; 2.29) 

Abdominal obesity and MD/anxiety         

Non-obese and non-depressed Reference  Reference   Reference Reference Reference Reference Reference Reference 

Abdominal obesity 
b
 1.46 (1.23; 1.70) 1.29 (1.09; 1.52) 1.26 (1.01; 1.56) 1.26 (1.01; 1.58) 1.26 (1.09; 1.46) 1.07 (0.92; 1.24) 1.77 (1.47; 2.12) 1.64 (1.35; 1.97) 

Major depression/anxiety  1.41 (1.22; 1.62) 1.40 (1.21; 1.62) 2.67 (2.21; 3.23) 2.61 (2.15; 3.16) 1.09 (0.96; 1.25) 1.09 (0.95; 1.24) 1.16 (0.97; 1.39) 1.16 (0.97; 1.40) 

Both obese and depressed/anxious 1.79 (1.50; 2.15) 1.62 (1.35; 1.95) 2.42 (1.95; 3.01) 2.36 (1.89; 2.94) 1.40 (1.20; 1.64) 1.22 (1.04; 1.43) 1.99 (1.64; 2.42) 1.88 (1.54; 2.29) 

Note. OR: Odds ratio; 
a
Adjusted for age, age-squared and gender; MD: major depression; 

b
: Waist circumference (WC) ≥ 102 cm for male and 88cm for female; Bold figures reflect statistically 

significant estimates (p<0.05). 
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Joint associations of obesity and MD/anxiety with HCU  

Longitudinal associations were found between obesity and MD/anxiety at tx  and primary- 

and specialty care visits, and hospitalizations at tx+1  with OR (95%-CI)=1.92 (1.51; 2.45), 

1.40 (1.13; 1.72 and 1.84 (1.44; 2.36), compared to non-obese and non-

depressed/anxious persons respectively (Table 2). The relative excess risks due to 

interaction (RERI (95%-CI)) between obesity and MD/anxiety on primary care visits, 

specialty care visits, and hospitalizations were: 0.15 (-0.38, 0.68), 0.10 (-0.24, 0.43), and 

0.00 (-0.53, 0.53), respectively (Figure 1). Similarly, the combinations of abdominal 

obesity and MD/anxiety at tx  with an increased risk of primary and specialty care visits 

and hospitalizations at tx+1, OR=1.79 (1.50; 2.15), 1.40 (1.20; 1.64 and 1.99 (1.64; 2.42), 

respectively (Table 2).  

 

The separate and joint associations of obesity and MD/anxiety with health care costs  

Table 3 shows the predicted 2-year subsequent health care costs for primary and 

specialty care by obesity and/or MD/anxiety status during  6-year follow-up. Obese 

persons had 27% and 25% higher increase in primary and specialty care costs 2 years later 

compared to their non-obese counterparts, respectively (Table 3). Persons with 

MD/anxiety had 24% higher increase in primary care costs compared to those without 

MD/anxiety (Table 3), but not associated with an increase in specialty care costs.  

Obesity along with MD/anxiety at tx was longitudinally associated with an increase 

in primary and specialty care costs at tx+1, mean cost ratio (95%-CI) =1.56 (1.27, 1.91) and 

1.36 (1.15, 1.61) compared to non-obese and non-depressed/anxiety, respectively (Table 

3), with a RERI=0.17 (-0.16; 0.51) and -0.11 (-0.46, 0.23), respectively.  

 

  



134 

 

Table 3: The longitudinal associations of obesity tx, major depression/anxiety  tx, and their combination with primary and specialty care costs (€) tx+1  6-

year follow-up  

 Primary care costs  (€) Specialist care costs (€) 

Obesity and/or MD/anxiety Estimated marginal 

means (SE) 

Mean cost ratios
a
 Adjusted mean 

cost ratios
b
 

Estimated marginal 

means (SE) 

Mean cost ratios
a
 Adjusted mean 

cost ratio
b
 

Non-obese  148.6 (2.7) Reference  Reference 733.2 (31.6) Reference Reference 

Obesity (BMI≥30kg/m2)
 
 188.2 (12.2)** 1.27 (1.11; 1.44) 1.23 (1.09; 1.39) 914.9 (58.3)** 1.25 (1.07; 1.45) 1.21 (1.05; 1.41) 

No abdominal obesity 142.4 (2.6) Reference Reference 677.2 (40.1) Reference Reference 

Abdominal obesity
 b

 176.3 (6.8)*** 1.24 (1.14; 1.34) 1.19 (1.10; 1.28) 898.7 (44.2)*** 1.33 (1.13; 1.56) 1.29 (1.09; 1.53) 

No major depression/anxiety 142.7 (3.1) Reference Reference 737.4 (29.5) Reference Reference 

Major depression/anxiety 172.7 (5.6) 1.21 (1.13; 1.30) 1.20 (1.12; 1.29) 809.6 (47.6) 1.10 (0.96; 1.25) 1.08 (0.95; 1.24) 

Obesity and MD/anxiety        

Non-obese and non-depressed 137.1 (3.0)ref 1 (Reference)  1 (Reference) 685.5 (29.2)ref 1 (Reference) 1 (Reference) 

Obesity (BMI≥30kg/m2)  164.5 (9.9)** 1.20 (1.06; 1.36) 1.17 (1.03; 1.33) 899.8 (84.1)* 1.31 (1.07; 1.61) 1.28 (1.04; 1.58) 

Major depression/anxiety  162.9 (4.4)*** 1.19 (1.11; 1.27) 1.18 (1.11; 1.26) 795.2 (57.8) 1.16 (0.99; 1.36) 1.15 (0.99; 1.34) 

Both obese and  depressed/anxious  213.9 (21.7)*** 1.56 (1.27; 1.91) 1.51 (1.25; 1.83) 932.0 (70.5)** 1.36 (1.15; 1.61) 1.31 (1.11; 1.55) 

Abdominal obesity and MD/anxiety       

Non-obese and non-depressed 132.7 (3.0)ref 1 (Reference)  1 (Reference) 623.8 (27.1)ref 1 (Reference) 1 (Reference) 

Abdominal obesity 
b
 155.1 (6.0)** 1.17 (1.07; 1.27) 1.12 (1.03; 1.23) 881.2 (58.7) 1.41 (1.21; 1.65) 1.38 (1.16; 1.63) 

Major depression/anxiety  154.2 (4.3)*** 1.16 (1.08; 1.25) 1.16 (1.08; 1.24) 747.2 (83.6)*** 1.20 (0.96; 1.50) 1.19 (0.96; 1.48) 

Both obese and depressed/anxious 201.2 (12.0)*** 1.52 (1.34; 1.72) 1.45 (1.29; 1.63) 917.4 (58.8)*** 1.47 (1.26; 1.71) 1.42 (1.21; 1.66) 

Note. 
a 

mean cost ratios between exposed and non-exposed groups with 95% confidence intervals; MD; major depression 
a 

Adjusted for age and gender 
b
: Waist circumference 

(WC) ≥ 102 cm for male and 88cm for female; Bold figures reflect statistically significant estimates (p<0.05). **; P<0.01; ***: P<0.001. 
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Figure 1: Cumulative risk of health care use associated with the separate and joint 

exposures to obesity and major depression/anxiety: Netherlands Study of Depression 

and Anxiety, 2004–2013. 
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DISCUSSION  

In this 6-year longitudinal study, we examined the associations of obesity, MD/anxiety and 

their combination with risks of increased HCU and costs during the subsequent two years. 

Obesity was associated with an increased risk of all types of care except visits due to 

mental problems. MD/anxiety was associated with an increased risk of primary care visits, 

but not specialty care visits and hospitalizations. The joint association of obesity and 

MD/anxiety with higher HCU and costs was slightly larger than would have been expected 

on the additive scale, but this increase was not statistically significant. This refutes the 

hypothesis that the joint association of obesity and MD/anxiety with higher HCU is larger 

than the sum of their separate associations.  

We found that obesity along with MD/anxiety was significantly associated with an 

increased use of all types of care, and was slightly larger than would have been expected 

on the additive scale. For joint exposures of obesity and MD/anxiety, the additional risk of 

a primary care visit was 92%, while the risk attributable to obesity and MD/anxiety was 

78% (43% to obesity and 35% to MD/anxiety), leading to a RERI=0.15 (Figure 1a). Similarly, 

the RERIs for specialty care visit and hospitalizations were 0.10 and 0.00 (Figures 1b and 

1c), respectively. Although obesity along with MD/anxiety tends to increase the use of 

care and costs beyond additive effects, the additional risks were not statistically different. 

An explanation why the RERIs are not statistically significant may be that the interaction 

between obesity and MD/anxiety needs more time to lead to more than additive effects. 

This may be due to having the benign phenotype of obesity, i.e. metabolically healthy 

obesity (MHO) because these phenotypes are transitional states prone to changes in their 

metabolic status, and have increased risks for adverse health outcomes when follow-ups 

longer than 10 years are considered (40). Another explanation is that there is also a 

tendency that patients with MD/anxiety show clinical recovery over time even though 

residual symptoms of depression or anxiety often persist (41,42).  Another, more 

pragmatic explanation why the RERI is not significant is the rather small sample size for 

the subgroup analysis of obesity and major depression status categories with HCU.   

Another important finding is that persons with obesity alone and 

depression/anxiety alone differ in use of care and associated costs. Obesity alone 

(BMI≥30) was longitudinally associated with an increased risk of primary and specialty 

care visits, and hospitalizations, which is in line with earlier studies (4-6,43-48). This is 
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explained by the fact that obesity is related causally to serious medical illnesses, in which 

excess body weight increases the risk of the development of several chronic conditions.  

However, obesity was not associated with primary care visits due to mental problems 

during follow-up. This gives an insight that the physiological effects of obesity is more 

likely to increase HCU and costs compared to its psychological effect (i.e. psychological 

complaints).  

We found that persons with MD/anxiety alone had a higher risk of primary care 

visits and costs, but not specialty care visits and hospitalizations. In line with our finding, 

Luppa et al showed that depressed persons have an increased HCU and costs compared to 

non-depressed once (49). In fact, use of health care among depressed persons can be 

partly explained by age (e.g. older age) and the severity of depression (e.g. suicidal 

thoughts), decreased quality of life and higher co-morbidity of medical conditions(10)(49). 

As presented in this study, the risks of increased use of specialty and inpatient care were 

significantly higher in persons with MD/anxiety and obesity compared to those with 

MD/anxiety alone. A possible explanation is that obesity is a state of chronic low grade 

inflammation, which may exacerbate the psychological and/or physiological effects of 

depression thereby increasing HCU (19,20,50). Another explanation may be that the 

greater frequency of specialty care visits among obese adults, and the direct consequence 

of both obesity and MD/anxiety on the development of chronic conditions such as type II 

diabetes, coronary heart disease, cerebrovascular disease, certain types of cancer (51,52). 

Overall, we observed that the joint exposures of obesity and MD/anxiety lead to higher 

HCU and costs compared to either of the conditions alone.  

 

Strengths and limitations  

The major strength of our study is its prospective design. We were able to examine 

longitudinal associations of obesity and MD/anxiety at one point in time with HCU and 

costs 2 years later over a 6-year follow-up period by using time-lag models (i.e., the 

temporal association was maintained).  This supports assumptions on causality, though 

not conclusive ones. Moreover, we used psychiatric interviews to diagnose MD/anxiety 

instead of self-reports as often used before. We assessed obesity using two 

anthropometric measurements i.e. BMI and WC, as many researchers have been criticizing 

the BMI for its inadequate reflection of body composition, which does not differentiate 
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between fat mass and lean body mass, or between abdominal adiposity and general 

fatness.  

We have to keep some limitations in mind. First, the NESDA study is a 

representative sample of a population with common mental disorders (i.e. depressive and 

anxiety disorders). Because of this, a rather large proportion of the participants had 

prevalent depressive or anxiety disorders, implying that non-depressed obese subjects 

may be underrepresented. Nevertheless, we expect that the resulting study cohort is 

representative and generalizable to other settings in high-income countries because the 

prevalence of obesity in our study (16%) is comparable with that in the Dutch population, 

and within the range of the WHO European region prevalence (10-30%). Another 

limitation with respect to the outcome might be that the health care use information was 

based upon self-report, and may have been biased by depressive or anxiety symptoms. 

The estimated costs appeared smaller because we included major categories of health 

care services such as primary and specialty care costs, which could still be used as a proxy 

for hospitalizations costs.  

 

Implications and conclusions of the study  

Obesity and MD/anxiety are major burdens for the patient, physicians and the society. We 

showed that obesity and MD/anxiety are separately and jointly associated with an 

increased risk of HCU and costs, though they differ in use of across categories of health 

care. If the RERI for primary and specialty care is confirmed in future studies, the joint 

associations may have public health implications. Intervening on obesity may be more 

beneficial for individuals with MD/anxiety compared with those without MD/anxiety 

regarding the risks of primary and specialty care visits and associated costs. Moreover, 

persons with MD/anxiety consume more primary care resources than other categories of 

health care (i.e. specialty care and inpatient care). Therefore, careful consideration and 

maybe monitoring depressive symptoms and a more restraint use of antidepressants with 

the greatest weight stimulating effects seems to be needed in primary care. Future studies 

should focus on whether it is possible to manage obesity and MD/anxiety synergistically 

regarding morbidity, excess use of care and costs.  

In conclusion, our study suggests that obesity and MD/anxiety impose a significant 

burden for HCU and costs. Obesity and MD/anxiety are separately and jointly associated 
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with risks of HCU and costs. The costs associated with both obesity and MD/anxiety are 

spread across a range of outpatient health services. This study point to the necessity of 

special intervention for these high risk groups (i.e. obese and depressed individuals).   



 

141 
 

REFERENCES 

1. Ghoorah K, Campbell P, Kent A, Maznyczka A, Kunadian V. Obesity and cardiovascular 

outcomes: a review. Eur Heart J Acute Cardiovasc Care 2014. DOI: 

10.1177/2048872614523349 

2. Kabadi SM, Lee BK, Liu L. Joint effects of obesity and vitamin D insufficiency on insulin 

resistance and type 2 diabetes: results from the NHANES 2001-2006. Diabetes Care 2012 

;35(10):2048-2054.  

3. Molosankwe I, Patel A, Jose Gagliardino J, Knapp M, McDaid D. Economic aspects of the 

association between diabetes and depression: a systematic review. J Affect Disord 2012 ;142 

Suppl:S42-55.  

4. Bertakis KD, Azari R. The impact of obesity on primary care visits. Obes Res 2005;13(9):1615-

1623.  

5. Bertakis KD, Azari R. Obesity and the use of health care services. Obes Res 2005;13(2):372-379.  

6. Raebel MA, Malone DC, Conner DA, Xu S, Porter JA, Lanty FA. Health services use and health 

care costs of obese and nonobese individuals. Arch Intern Med 2004 25;164:2135-40.  

7. Vogelzangs N, Seldenrijk A, Beekman AT, van Hout HP, de Jonge P, Penninx BW. Cardiovascular 

disease in persons with depressive and anxiety disorders. J Affect Disord 2010;125(1-3):241-

248.  

8.  Gaebel W, Kowitz S, Fritze J, Zielasek J. Use of health care services by people with mental 

illness. Dtsch Arztebl Int 2013;110(47):799-808.  

9. Ford JD, Trestman RL, Steinberg K, Tennen H, Allen S. Prospective association of anxiety, 

depressive, and addictive disorders with high utilization of primary, specialty and emergency 

medical care. Soc Sci Med 2004;58(11):2145-2148.  

10. Stringer B, van Meijel B, Eikelenboom M, Koekkoek B, Verhaak PF, Kerkhof AJ, et al. Perceived 

need for care and health care utilization among depressed and anxious patients with and 

without suicidal ideation. Crisis 2013;34(3):192-199.  

11. Depression and obesity: confirming the link. Small effort can lead to big changes. Harv Health 

Lett 2013;38(3):3.  

12. Thormann J, Chittka T, Minkwitz J, Kluge M, Himmerich H. Obesity and depression: an 

overview on the complex interactions of two diseases. Fortschr Neurol Psychiatr 

2013;81(3):145-153.  

13.  Pan A, Sun Q, Czernichow S, Kivimaki M, Okereke OI, Lucas M, et al. Bidirectional association 

between depression and obesity in middle-aged and older women. Int J Obes (Lond) 2012 

;36(4):595-602.  

14. Afari N, Noonan C, Goldberg J, Roy-Byrne P, Schur E, Golnari G, et al. Depression and obesity: 

do shared genes explain the relationship? Depress Anxiety 2010;27(9):799-806.  

15. de Wit L, Luppino F, van Straten A, Penninx B, Zitman F, Cuijpers P. Depression and obesity: a 

meta-analysis of community-based studies. Psychiatry Res 2010;178(2):230-235.  

16.  Choy WC, Lopez-Leon S, Aulchenko YS, Mackenbach JP, Oostra BA, van Duijn CM, et al. Role of 

shared genetic and environmental factors in symptoms of depression and body composition. 

Psychiatr Genet 2009;19(1):32-38.  

17. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW, et al. Overweight, obesity, 

and depression: a systematic review and meta-analysis of longitudinal studies. Arch Gen 

Psychiatry 2010;67(3):220-229.  



 

142 

 

18.  Bornstein SR, Schuppenies A, Wong ML, Licinio J. Approaching the shared biology of obesity 

and depression: the stress axis as the locus of gene-environment interactions. Mol Psychiatry 

2006;11(10):892-902.  

19. Shelton RC, Miller AH. Inflammation in depression: is adiposity a cause? Dialogues Clin 

Neurosci 2011;13(1):41-53.  

20. Soczynska JK, Kennedy SH, Woldeyohannes HO, Liauw SS, Alsuwaidan M, Yim CY, et al. Mood 

disorders and obesity: understanding inflammation as a pathophysiological nexus. 

Neuromolecular Med 2011;13(2):93-116.  

21. Duivis HE, Vogelzangs N, Kupper N, de Jonge P, Penninx BW. Differential association of somatic 

and cognitive symptoms of depression and anxiety with inflammation: Findings from the 

Netherlands Study of Depression and Anxiety (NESDA). Psychoneuroendocrinology 2013. DOI: 

10.1016/j.psyneuen.2013.01.002 

22. Markowitz S, Friedman MA, Arent SM. Understanding the relation between obesity and 

depression: Causal mechanisms and implications for treatment. Clinical Psychology: Science 

and Practice 2008 (15):1-20.  

23. Kivimaki M, Lawlor DA, Singh-Manoux A, Batty GD, Ferrie JE, Shipley MJ, et al. Common mental 

disorder and obesity: insight from four repeat measures over 19 years: prospective Whitehall II 

cohort study. BMJ 2009;339:b3765.  

24. Needham BL, Epel ES, Adler NE, Kiefe C. Trajectories of change in obesity and symptoms of 

depression: the CARDIA study. Am J Public Health 2010;100(6):1040-1046.  

25. Penninx BW, Beekman AT, Smit JH, Zitman FG, Nolen WA, Spinhoven P, et al. The Netherlands 

Study of Depression and Anxiety (NESDA): rationale, objectives and methods. Int J Methods 

Psychiatr Res 2008;17(3):121-140.  

26. World Health Organization. Obesity. 2015; Available at: http://www.euro.who.int/en/health-

topics/noncommunicable-diseases/obesity. Accessed April 10, 2015.  

27. World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert 

Consultation. Geneva. 2008.  

28. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders 4th 

ed. Washington, DC: American Psychiatric Association; 1994.  

29. de Wit LM, Fokkema M, van Straten A, Lamers F, Cuijpers P, Penninx BW. Depressive and 

anxiety disorders and the association with obesity, physical, and social activities. Depress 

Anxiety 2010;27(11):1057-1065.  

30. van Reedt Dortland AK, Giltay EJ, van Veen T, Zitman FG, Penninx BW. Longitudinal 

relationship of depressive and anxiety symptoms with dyslipidemia and abdominal obesity. 

Psychosom Med 2013;75(1):83-89. 

31. Hakkaart- van Roijen L . Trimbos/iMTA questionnaire for costs associated with psychiatric 

illness (TIC-P). Rotterdam: Institute for Medical Technology Assessment. 2002.  

32. Arends I, Bultmann U, van Rhenen W, Groen H, van der Klink JJ. Economic evaluation of a 

problem solving intervention to prevent recurrent sickness absence in workers with common 

mental disorders. PLoS One 2013;8(8):e71937.  

33. Shek DT, Ma CM. Longitudinal data analyses using linear mixed models in SPSS: concepts, 

procedures and illustrations. Scientific World Journal 2011;11:42-76.  

34. Nigatu YT, Reijneveld SA, Penninx BW, Schoevers RA, Bültmann U. The Longitudinal Joint Effect 

of Obesity and Major Depression on Work Performance Impairment. Am J Public Health 2015, 

2015:e1-e7.  

http://www.euro.who.int/en/health-topics/noncommunicable-diseases/obesity
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/obesity


 

143 
 

35. Andersson T, Alfredsson L, Kallberg H, Zdravkovic S, Ahlbom A. Calculating measures of 

biological interaction. Eur J Epidemiol 2005;20(7):575-579.  

36. Knol MJ, VanderWeele TJ. Recommendations for presenting analyses of effect modification 

and interaction. Int J Epidemiol 2012;41(2):514-520.  

37. Manning WG, Basu A, Mullahy J. Generalized modeling approaches to risk adjustment of 

skewed outcomes data. J Health Econ 2005;24(3):465-488.  

38. Peterson M.D. M, E. Healthcare Utilization Associated With Obesity and Physical Disabilities. 

Am J Prev Med 2015;48(4):426-35.  

39. Simon GE, Arterburn D, Rohde P, Ludman EJ, Linde JA, Operskalski BH, et al. Obesity, 

depression, and health services costs among middle-aged women. J Gen Intern Med 

2011;26(11):1284-1290.  

40. Kramer CK, Zinman B, Retnakaran R. Are metabolically healthy overweight and obesity benign 

conditions?: A systematic review and meta-analysis. Ann Intern Med 2013 ;159(11):758-769. 

41. Bothwell R, Scott J. The influence of cognitive variables on recovery in depressed inpatients. J 

Affect Disord 1997;43(3):207-212.  

42. van Reedt Dortland AK, Giltay EJ, van Veen T, van Pelt J, Zitman FG, Penninx BW. Associations 

between serum lipids and major depressive disorder: results from the Netherlands Study of 

Depression and Anxiety (NESDA). J Clin Psychiatry 2010;71(6):729-736.  

43. Vals K, Kiivet RA, Leinsalu M. Alcohol consumption, smoking and overweight as a burden for 

health care services utilization: a cross-sectional study in Estonia. BMC Public Health 

2013;13:772-2458-13-772.  

44. Han E, Truesdale KP, Taber DR, Cai J, Juhaeri J, Stevens J. Impact of overweight and obesity on 

hospitalization: race and gender differences. Int J Obes (Lond) 2009;33(2):249-256.  

45. Gordon B, Afek A, Livshits S, Derazne E, Tzur D, Shamiss A, et al. The Association of Body Mass 

Index and Increased Utilization of Health Care Services- A Retrospective Cohort Study of 51521 

Young Adult Males. Endocr Pract 2014:1-22.  

46. Migliore E, Pagano E, Mirabelli D, Baldi I, Gregori D, Zocchetti C, et al. Hospitalization rates and 

cost in severe or complicated obesity: an Italian cohort study. BMC Public Health 2013;13:544.  

47. Twells LK, Knight J, Alaghehbandan R. The relationship among body mass index, subjective 

reporting of chronic disease, and the use of health care services in Newfoundland and 

Labrador, Canada. Popul Health Manag 2010;13(1):47-53.  

48. Bertakis KD, Azari R. The influence of obesity, alcohol abuse, and smoking on utilization of 

health care services. Fam Med 2006;38(6):427-434.  

49. Luppa M, Sikorski C, Motzek T, Konnopka A, Konig HH, Riedel-Heller SG. Health service 

utilization and costs of depressive symptoms in late life - a systematic review. Curr Pharm Des 

2012;18(36):5936-5957.  

50. Daly M. The relationship of C-reactive protein to obesity-related depressive symptoms: a 

longitudinal study. Obesity (Silver Spring) 2013;21(2):248-250.  

51. Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR, et al. The epidemiology of 

major depressive disorder: results from the National Comorbidity Survey Replication (NCS-R). 

JAMA 2003;289(23):3095-3105.  

52. Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden of obesity in 2005 and projections to 

2030. Int J Obes (Lond) 2008;32(9):1431-1437.  

 



 

144 

 

 

 
 

  



 

145 
 

 
 
 

Chapter 8 
 

GENERAL DISCUSSION   
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The aims of this thesis were to examine the direction of the association between obesity 

and depression, and to examine their separate and combined effects on long-term 

sickness absence (LTSA), work performance impairment (WPI), health-related quality of 

life (HR-QoL), and health care utilization (HCU) and costs. This chapter provides a summary 

of the main findings and discussion of methodological issues and implications for practice 

and future research.  

 

MAIN FINDINGS  

The main findings are summarized per research question.   

 

Research question 1:  What is the direction of the association between obesity and 

depression? Does single or recurrent episode matter? (Chapter 2) 

Obesity was found to be associated with the onset of recurrent depression, but not with 

the onset of single episode depression during a 2-year follow-up in the general population. 

Although the reverse association was not statistically significant, recurrent depression 

tended to be associated with subsequent development of obesity. The heterogeneity of 

depression should be considered when examining the association between obesity and 

depression.  

 

Research question 2: Is there a joint association between overweight and distress with 

long-term sickness absence? If so, is the joint association of overweight and distress 

greater than the sum of separate associations of overweight and distress with long-term 

sickness absence?  (Chapter 3) 

Overweight and distress had a joint association with LTSA among Dutch employees. The 

joint association of overweight and distress with LTSA was stronger than the associations 

of overweight alone and distress alone. While the Synergy Index was in the expected 

direction (i.e., indicative of a synergistic effect of overweight and distress with LTSA), it 

was not statistically significant.  

 

Research question 3: Is obesity associated with work functioning? And what is the role of 

working-time arrangements on this association? (Chapter 4) 
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Obesity was associated with poor work functioning (WF), especially poor WF for physical 

demands in all workers. In shift-workers, obesity was associated with lower WF total 

scores, and with lower WF subscale scores for physical and output demands compared to 

normal weight-shift workers. After adjustment for potential confounders, the association 

of obesity with lower WF total scores was attenuated and became non-significant. 

However, the association of obesity remained statistically significant with lower WF 

subscale scores for output demands and physical demands. Overweight in all workers and 

obesity in day and on-call workers was not associated with poor WF total and WF subscale 

scores.   

 

Research question 4: Are obesity and depression longitudinally associated with an 

increased risk of high work performance impairment? Is the joint association of obesity 

and depression larger than the sum of the separate associations of obesity and depression 

with high work performance impairment? (Chapter 5)  

Obesity and depression were longitudinally associated with an increased risk of high work 

performance impairment (WPI) among employees during 6-year follow-up. The joint 

association of obesity and depression with an increased risk of high WPI is fairly stronger 

than the associations of obesity alone and depression alone. Moreover, the joint 

association of obesity and depression with high WPI was slightly larger than could be 

expected based on the sum of the estimated separate associations of obesity and 

depression with high WPI. The relative excess risk due to interaction (RERI) was in the 

expected direction (i.e. a positive interaction), but not statistically significant. There may 

be a potential overlap between anti-obesity and -depression interventions that might 

provide unique opportunities to optimize work performance among employees with both 

exposures.  

 

Research question 5: Are obesity and depression/anxiety associated with poor health-

related quality of life in the general population compared to obesity alone and depression 

or anxiety alone?  (Chapter 6) 

Obesity and depression or anxiety were associated with poor HR-QoL in the general 

population. With increasing body weight, participants reported a poorer HR-QoL; when 

also having depression/anxiety disorders participants reported even a poorer HR-QoL. The 
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combined effects of obesity and depression/anxiety on physical and mental QoL were 

larger than the sum of their separate effects after adjustment for potential confounders. 

Obesity in persons without depression/anxiety disorders was found to be associated with 

better mental HR-QoL. 

 

Research question 6: Does obesity along with depression/anxiety lead to higher health care 

utilization and costs compared to their separate effects? (Chapter 7) 

Obesity along with depression/anxiety leads to higher HCU and costs compared to obesity 

alone and depression alone during 6-year follow-up. The joint association of obesity and 

depression/anxiety with the risk of HCU was slightly larger than could be expected based 

on the sum of the estimated separate associations of obesity and depression or anxiety 

with the risks of HCU.  
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REFLECTION ON MAIN FINDINGS  

The link between obesity and depression, and their combined impact on health-related 

quality of life 

Obesity and depression are highly prevalent health problems among adults. In Chapter 2 

we found that obesity was associated with the onset of depression, especially recurrent 

depression. As earlier studies did not examine subtypes of depression in relation to 

obesity (1-5), it is difficult to compare our findings with those of previous studies. Our 

findings suggest this association may be particularly due to one subtype of depression, i.e. 

recurrent depression, which could explain some of the heterogeneity in findings to date. 

Recurrence is also a major challenge in depressive disorders, associated with pronounced 

psychosocial and physical impairments and a high suicide rate (6). Thus, prevention of 

recurrence is extremely desirable. Low mood can sometimes be a response to randomly 

occurring stressors, leading to a depressive episode, but not necessarily to the recurrent 

ones. The brain, particularly the hippocampus where emotions are regulated, has become 

desensitized to frequently and randomly occurring stressful events (7), and stable factors 

like obesity might contribute to the onset of recurrent depression. Therefore, our finding 

may have  public health importance in identifying and distinguishing those who may suffer 

from frequent depressive episodes, i.e. obese persons might be candidates for recurrent 

depression in the general population.   

Our data also indicated that persons with recurrent depression tend to have a 

higher risk of obesity (Chapter 2). Earlier studies showed that patients with recurrent 

depression often have a long-term exposure to antidepressant medications (8) and poor 

adherence to diet and exercise recommendations (9), which may result in a significant 

weight gain. This suggests that the prevention of recurrent depression may be important 

in the prevention and control of the obesity epidemic, where no national success stories 

have been reported in the past three decades (10). In general, our findings suggest that 

there may be a bidirectional relationship between obesity and depression by which each 

of these conditions may contribute to the other, establishing a complex clinical phenotype 

associated with adverse consequences, e.g. poorer health-related quality of life (HR-QoL).   

HR-QoL measures are robust for assessing obese and depressed patients’ overall 

well-being and perception of their own health status, and can be considered as adjuvant 

to clinical assessments. In Chapter 6 we showed that HR-QoL was poor across the whole 
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spectrum of classes of increased BMI; and even poorer when accompanied by depressive 

or anxiety disorders. The association of obesity and depression/anxiety with poor HR-QoL 

was partly explained by lifestyle factors and major chronic conditions, such as diabetes 

mellitus, cardiovascular diseases, cancer and rheumatoid arthritis. It is well known that 

obesity and depression lead to an increased risk of these chronic conditions (11-13), and 

could significantly decrease HR-QoL. Earlier studies showed separate associations of 

obesity and depression with poor HR-QoL (14-16). However, unlike the previous studies, 

our findings suggest that the co-occurrence of obesity and depression deteriorates the HR-

QoL beyond the separate effects of these factors in the general population. This 

knowledge can contribute to clinical and public health practice in guiding patients, 

providing services and making policy decisions. As these conditions often occur in primary 

care, general practitioners may need evidence-based protocols and guidelines to 

recognize and provide comprehensive care to patients with comorbid depression and 

obesity.  

 

The direct medical and indirect (productivity-related) costs of obesity and depression  

The economic costs associated with obesity and depression are high, both the direct costs, 

derived from use of health care resources related to physician visits and hospitalizations, 

and the indirect costs, e.g. sickness absence and lower work productivity. In Chapter 7, we 

showed that persons with obesity and depression or anxiety used more health care 

resources regardless of age and sex than persons with obesity alone and depression alone. 

This might be related to a poorer HR-QoL of obese and depressed individuals as indicated 

in Chapter 6, with poorer HR-QoL leading to greater use of health care services. Previous 

studies indicated that obese and depressed individuals have many somatic and cognitive 

complaints (12), and are more likely to seek treatment (17). Depressive symptoms 

exacerbate obesity-associated conditions and vice versa, and contribute to high morbidity 

and poorer physical and mental conditions (11-13), thereby increasing costs of care.  

We found that obese persons had 27% higher outpatient care costs, compared to 

non-obese persons. The outpatient care costs doubled when an obese person also had 

depressive or anxiety disorders (Chapter 7). This suggests that the comorbidity of obesity 

and depression or anxiety certainly has major direct implications of medical cost of care 

and might explain some of the observed increases in total health care costs. Moreover, 
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there may be a potential overlap between anti-obesity and -depression interventions that 

might provide unique opportunities to manage both conditions synergistically and to 

reduce their burden on health care. For instance, symptoms of depression and obesity, 

such as emotional dysregulation, sleep disturbance and weight are separate but 

integrated mechanisms that may provide a unique opportunities to develop a single 

unified intervention and to optimize health outcomes in obese and depressed persons. 

Hence, it is important for health care providers to be aware of these potential interactions 

between obesity and depression. This awareness should lead to prevention, early 

detection, and co-treatment for people at risk, ultimately reducing the burden of both 

conditions. 

Another important finding regarding the indirect costs of obesity and depression is 

that the joint association of overweight or obesity and distress was fairly stronger than 

that of overweight alone and distress alone (Chapter 3). Overweight and obesity co-occur 

with distress, which is a key indicator of mental health problems and highly correlated 

with depression (18). Both the weight and the mental health problems reinforce each 

other and increase the risk for sickness absence beyond either of these conditions alone. 

This sickness absence risk was partially dependent on work environment characteristics, 

such as high job demands and low job resources, which in turn may lead to ill-health and 

sickness absence (19,20). This suggests that for patients with longer durations of sickness 

absence, work-focused interventions regarding overweight and psychological problems 

are important. It is also increasingly emphasized that coping and social support at the 

workplace are important in sick-listed patients (21). Addressing these complex interactions 

with the work environment in employees with overweight or obesity and depression 

might enhance sustainable employability.    

Obese and depressed employees may also stay at work despite their health 

problems. Working while sick has enormous cost implications for individuals, companies 

and society. In Chapter 4, we showed that obese employees had lower work functioning 

scores compared to normal weight employees. Being overweight or obese negatively 

affects the physical, social, or organizational aspects of the job that require sustained 

physical and psychological effort (20,22-24). Depressed employees can also experience 

difficulties to meet job demands (25), and may lead to work performance impairment 

(24,26-28). Compared to work performance impairments experienced by either obese or 
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depressed employees, the combination of obesity and depression gave the strongest 

prediction of work performance impairment  (Chapter 5). This suggests that obesity and 

depression augment each other, which substantially increases societal costs in terms of 

work performance impairment. There might be a potential to improve work performance 

in employees with obesity and depression. Especially in resource-limited settings, where it 

is not possible to intervene on both problems, a reduction of either obesity or depression 

might also reduce the risk of the other regarding high work performance impairment. 

Thus, tailored interventions are needed to improve work performance in employees with 

both exposures.  

 

METHODOLOGICAL CONSIDERATIONS  

We discuss the strengths and limitations of this thesis regarding the used samples, the 

measurements, and the degree to which our study supports statements on causality.  

 

Sample and study population   

The main strengths of this thesis are the use of general population- and working 

population-based samples (Chapters 2,3, 5, 6, 7) with mostly a high retention rate to 

follow-up (> 80%) for longitudinal studies (Chapters 2, 5 and 7). With these data we were 

able to examine the associations between obesity and depression, and their adverse work 

and health outcomes across different settings (i.e. work place, general practice and 

community). It also allowed us to perform subgroup analysis with different BMI categories 

and depression/anxiety status.  

A limitation of this thesis is loss to follow-up in some of our studies (Chapters 2, 5 

and 6). Loss to follow-up was associated with a lower educational status and having a 

depressive disorder. We tried to address this issue by checking whether there was a 

difference between those retained and those lost during follow-up regarding the 

associations of obesity and/or depression with work and health outcomes at baseline. 

Moreover, we checked by comparing the results regarding the data with missing 

observations with those regarding the imputed dataset. This yielded no significant 

difference. Hence, we believe that the loss to follow-up did not affect our results to a 

major degree. Moreover, obese persons may be under-represented in some studies 

(Chapters 5 and 7), but the prevalences of obesity and depression are within the range of 
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the WHO European region prevalence (29,30). Thus, we believe that the study populations 

are representative of the target populations.  

 

Measurements  

The main strength of this thesis is that the core variables such as anthropometrics, 

psychiatric diagnosis, work and health outcomes (Chapters 2, 5 and 6) were measured at 

multiple points over time. These repeated measures provide more valid evidence on the 

temporal associations between obesity and depression, and their joint associations with 

work and health-related outcomes. We also used psychiatric interviews such as CIDI 

(Chapters 2, 5 and 7), and MINI interviews (Chapter6) to diagnose depressive/anxiety 

disorders instead of self-reports as often used in prior studies. The CIDI can even be 

regarded as gold standard in this field.  

The main limitations of this thesis are the use of self-reported measurements (e.g. 

some measurements of height and weight) and of questionnaires to measure work 

performance and functioning, health-related quality of life, and health care utilization and 

costs. Use of these measurements may have led to socially desirable answers. However, 

these measurement instruments are widely used, reliable and cross–culturally validated in 

various countries including the Netherlands, so we expect that this did not significantly 

affect the validity of the present findings.   

 

Causal inference  

The main strength of this thesis regarding causal inference is the use of prospective or 

longitudinal designs. Prospective designs are used to measure the occurrence of an 

outcome in exposed and non-exposed participants over time, and can help to support 

causal inference (Chapter 2, 5 and 7). In longitudinal studies with multiple measurement 

points (i.e. more than two measurements), we used time-lag models. Thus, we examined 

the longitudinal associations of obesity and/or depression at one point in time with work 

and health outcomes 2 years later during 6-year follow-up period, i.e. the cause preceded 

the effect in time (Chapters 5 and 7).  

 Moreover, we could exclude alternative explanations of the effect of certain 

variables (i.e. confounders) on the outcome by adjusting for these variables as potential 

confounders to enhance causal inference. In Chapters 2 through 7, several potential 
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confounders, such as age, gender, educational status, lifestyle factors and psychosocial 

working conditions were taken into account during the analyses. In contrast to 

confounders as potential cause of an outcome, mediators are part of the causal chain and 

may have an indirect effect on the outcome. For instance, the relation between obesity 

and work performance impairment is partly mediated by chronic conditions such as 

diabetes, cardiovascular diseases (Chapter 5). Here, adjusting for the mediator would lead 

to underestimation or masking of the direct effect of obesity on high work performance 

impairment (i.e. over-adjustment). Therefore, we did not adjust for potentially mediating 

variables in the causal chain between the exposures and outcome. 

 The main limitation of this thesis is the use of cross-sectional studies (Chapters 3, 4 

and 6) as conclusions about the direction of the examined associations are not possible. 

Therefore, these findings must be interpreted with caution and no causality can be 

inferred (Chapters 3, 4 and 6). Nevertheless, cross-sectional studies are still useful to 

assess the prevalence of various characteristics with respect to outcome or exposure 

variables, and to generate hypothesis. Moreover, it was the first time that the examined 

concepts have been investigated in relation to obesity and depression together.   

 

IMPLICATIONS 

In this section, the implications of our findings for practice and for future research are 

discussed.   

 

Implications for practice  

We found that obesity is associated with the onset of depression, especially recurrent 

depression, which may have major implications for relapse or recurrence prevention. In 

clinical practice, monitoring depressive symptoms in obese patients is important. Our 

results also indicate that persons with a recurrent depression tend to have a higher risk of 

obesity (Chapter 2). Thus, care providers should monitor the weight of depressed patients. 

In light of this, the weight-increasing side effects of many commonly used antidepressants, 

such as Fluoxetine, Sertraline, Citalopram and Paroxetine should be considered (31), and 

perhaps a more restricted use of these antidepressants or new treatment regimens are 

needed.  
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As clinical approaches often focus on one index disease, it is important to take the 

co-occurring conditions into account. We showed that the co-occurrence of obesity and 

depression significantly diminished the individual work performance and the overall well-

being, and increased the health care consumption (Chapter 3, 5, 6 and 7). Therefore, it is 

important to develop evidence-based and integrated interventions to tackle these two 

major health problems. For instance, in weight loss programs, incorporating cognitive-

behavioural therapies or stress reducing interventions when treating obese and depressed 

patients may be important, and collaboration among bariatricians, dieticians, 

psychologists or psychiatrists and epidemiologists is needed.  

We also showed that the combined effect of obesity and depression on work and 

health outcomes is fairly larger than that of either condition alone, which implies that 

obesity and depression reinforce each other. This establishes a phenotype of clinical 

interest that may offer a possibility to simultaneously reduce the impact of both 

conditions. For instance, emotion , sleep and weight regulation are separate but 

synergistic self-regulatory systems that may provide valuable insights to optimize work 

and health outcomes in obese and depressed persons. Therefore, it is important for health 

care providers to be aware of these potential areas of overlap and challenges, so that care 

may be integrated as effectively as possible.  

Our findings showed that obesity and depression may have enormous health care 

cost implications for individuals and society. Collaboration across sectors outside health 

(multi-sectoral collaboration) and between public and private actors (intra-sectoral 

collaboration) is key for the prevention and control of obesity and depression. This thesis 

calls for collaborative action of these sectors to stop or at least reduce the obesity 

epidemic and its comorbidities i.e. depression. It is important to raise awareness and 

provide evidence-based education on obesity and its comorbidities. Moreover, it is 

important to eliminate weight bias and discrimination, and elevate the conversation of 

weight and its impact on health and offer a social support for the individuals affected at all 

settings, i.e. community and work places. It might also be useful to rename the word 

“obesity” by “Adiposity-Based Chronic Disorder or disease (ABCD)”, which may increase 

awareness and focuses the attention on the “disease” aspect of adiposity (American 

Endocrinology Congress 2014).  

 



 

156 

 

Implications for future research 

We showed that obesity is associated with the onset of recurrent depression, and that 

recurrent depression tends to be associated with subsequent development of obesity. 

Larger studies are needed to confirm the associations (Chapter 2). In such studies, it would 

also be interesting to examine the role of dietary pattern and other potential mediators 

and moderators in the association between obesity and depression. Knowledge regarding 

these potential mediators and moderators is important to break the vicious circle of 

obesity and depression. Moreover, the combined effect of obesity and depression on poor 

HR-QoL warrants prospective investigation, which may offer further insight into 

directionality and causality of the observed associations of obesity and depression with 

poor HR-QoL. The reverse direction may also be true as poor HR-QoL may have an impact 

on weight or depression in which poor physical HR-QoL likely to affect energy expenditure 

through physical inactivity. This issue needs further investigation.   

We also showed that the combination of overweight or obesity and psychological 

distress was associated with long-term sickness absence (Chapter 3), but the reverse may 

also hold true. Long-term sickness absence may also have an impact on weight or distress, 

since employment or staying at work is generally beneficial for health. Longitudinal studies 

are needed to explore the temporal associations of overweight or obesity and distress or 

depression with long-term sickness absence. The effect of overweight and distress on 

long-term sickness absence could be significantly stronger in more severe conditions, i.e. 

obesity and depression. As opposed to all-cause sickness absence, diagnosis-specific 

sickness absences, such as sickness absence due to depression and/or obesity should be 

quantified.  

  We also showed a higher risk of recurrence among obese persons, which suggests 

the necessity of intervention research regarding weight reduction and recurrence; in fact, 

weight reduction in depressed patients is evidently hard to reach. It might be important to 

examine whether behavioral life style interventions are effective in preventing the 

recurrence or relapse of depression as opposed to psychological or pharmacological 

interventions. Such studies may also confirm the observed joint associations of obesity 

and depression with adverse work and health outcomes described in Chapter 5, 6 and 7. 

At workplaces, it is important to confirm whether obesity interventions are more 

beneficial for employees with depression compared to those without depression 
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regarding work participation and work functioning. These studies may have public health 

and economical implications regarding prevention and control of the obesity epidemic and 

reduction of health care costs. Therefore, improving our understanding of the obesity-

depression comorbidity should be a high priority and more disciplines should be involved 

in research and development of interventions. 

 

CONCLUSIONS  

In conclusion, obesity and depression are inter-related and reinforce each other’s effect 

regarding adverse work and health outcomes (i.e. long-term sickness absences, work 

performance impairment, poor HR-QoL and higher use of care and costs). It is important 

to take the co-occurrence of obesity and depression into account in practice and research. 

Most importantly, the findings of this thesis suggest that there may be a potential to 

manage obesity and depression synergistically, and reduce the risk of both regarding some 

adverse work and health outcomes. Hence, it is important for health care providers and 

researchers to be aware of this intertwined public health challenge. Increased awareness 

could lead to more effective prevention, early detection, and treatment for people at risk, 

ultimately reducing the burden due to both conditions, obesity and depression.  
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Obesity and depression are major public health problems, posing enormous challenges in 

the decades to come. The direction of the association between obesity and depression 

remains unclear, and their co-occurrence in an individual might have negative 

consequences on work and health outcomes. The aims of this thesis were to examine the 

direction of association between obesity and depression, and to examine their separate 

and combined effects on long-term sickness absence, work performance impairment, 

health-related quality of life and health care utilization and costs.  

In Chapter 1 we provide the epidemiology of obesity and depression, and the 

national and global burden that they cause. It also outlines the importance of studying 

obesity and depression together in relation to work and health outcomes. Moreover, we 

introduce the conceptual model for the research questions, and described the data 

sources that we used to answer the research questions.  

In Chapter 2 we examined the prospective association between obesity and 

depression and whether depression subtypes have different effects on obesity or vice 

versa. This prospective study provides suggestive evidence that obesity is associated with 

the onset of recurrent depression, i.e. having more than one episode of major depression. 

Recurrent depression tends also to be associated with the subsequent development of 

obesity among adults in the general population during 2-year follow-up. The 

heterogeneity of depression should be considered when examining the effect of obesity 

on depression.  

In Chapter 3 we explored the separate and joint associations of overweight and 

distress with long-term sickness absence among Dutch employees. This cross-sectional 

study showed that overweight and distress had a joint association with long-term sickness 

absence. This joint association was slightly larger than the sum of the separate 

associations of overweight and distress on LTSA, but not statistically significant as 

measured by the synergy index. Addressing distress might reduce the public health burden 

of LTSA among women with overweight.   

In Chapter 4 we examined the association of overweight and obesity with work 

functioning (WF), and whether this association differs between workers with different 

working-time arrangements (i.e. day workers, on call and shift workers). Obesity was 

associated with poor WF scores, especially a poor WF score for physical demands. In shift-

workers, obesity was associated with lower WF total scores, and lower WF subscale scores 
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for meeting output demands and for meeting physical demands compared to normal 

weight workers. Overweight in all workers and obesity in day and on-call workers were 

not associated with WF total and WF subscale scores. These findings might have 

implications for workplace programs to reduce the burden of obesity in shift workers.  

In Chapter 5 we investigated the longitudinal joint effect of obesity and depression 

on high work performance impairment (WPI) in participants of the Netherlands study of 

depression and anxiety (NESDA). The results indicated that obesity, depression and their 

combination were longitudinally associated with an increased risk of high WPI during 6-

year follow-up. Hence, intervening on obesity may be more beneficial for individuals with 

depression than for those without depression regarding the risk of high WPI. This should 

be confirmed in a larger sample. The findings also imply that someone with major 

depression can reduce his/her risk regarding high WPI even more by losing weight than 

someone without major depression. 

In Chapter 6 we examined the combined effects of obesity and depression or 

anxiety on poor health-related quality of life (HR-QoL) in a large population based cohort 

study, the LifeLines cohort study. The results showed that HR-QoL was poor across the 

whole spectrum of classes of increased BMI; and was poorer when also having depressive 

or anxiety disorders. Obesity along with depression or anxiety was strongly associated 

with poor HR-Qol. The combined effect of obesity and depression or anxiety was larger 

than the sum of the separate effects of obesity and depression or anxiety on poor HR-QoL. 

Monitoring depressive and anxiety symptoms is important in obese persons, and 

maintaining normal weight or reducing excess weight would be the best approach to 

improve the HR-QoL.  

In Chapter 7 we assessed the separate and joint longitudinal associations of 

obesity and depression/anxiety with high health care utilization (HCU) and costs during a 

6-year follow-up in NESDA participants. The results showed that obesity was associated 

with an increased risk of all types of care. Depression or anxiety was associated with an 

increased risk of primary care visits, but not with specialty care visits and hospitalizations. 

Obesity along with depression or anxiety lead to higher health care use and costs 

compared to either condition alone. The joint association of obesity and depression or 

anxiety with higher HCU and costs were slightly larger than would have been expected 

based on an additive effect. Intervening on obesity may be more beneficial for individuals 
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with depression or anxiety than  for those without depression and anxiety regarding the 

risks of primary and specialty care visits and associated costs.  

Finally, in Chapter 8, a brief summary and the general discussion of the findings of 

this thesis are provided. Methodological considerations regarding the used samples, the 

measurements, and the degree to which our study supports statements on causality are 

discussed. Moreover, in this chapter, the implications of our findings for practice and 

future research are discussed.  

In conclusion, this thesis suggest that obesity and depression are inter-related and 

reinforce each other regarding adverse work and health outcomes This establishes a 

phenotype of clinical interest that may offer a possibility to simultaneously reduce the 

impact of both conditions regarding work performance impairment, health-related quality 

of life and health care utilization and costs. Hence, it is important for health care providers 

and researchers to be aware of this intertwined public health challenge. Increased 

awareness could lead to more effective prevention and treatment for people at risk, 

ultimately reducing the burden of both conditions. 
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SAMENVATTING 
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Obesitas en depressie vormen grote problemen voor de volksgezondheid en stellen de 

gezondheidszorg de komende decennia voor een enorme uitdaging. De richting van de 

samenhang tussen obesitas en depressie blijft onduidelijk, en het kan negatieve gevolgen 

hebben op werk en gezondheid als ze beide vóórkomen bij één individu. Dit proefschrift 

probeert de richting van de samenhang tussen obesitas en depressie te verhelderen en de 

afzonderlijke en gecombineerde effecten op langdurig ziekteverzuim, werkprestaties, 

gezondheidsgerelateerde kwaliteit van leven, zorggebruik en zorgkosten te bepalen. 

 Hoofdstuk 1  bevat een algemene inleiding over de epidemiologie en nationale 

en internationale ziektelast ten gevolge van obesitas en depressie. Het schetst ook het 

belang van het onderzoeken van de combinatie van obesitas en depressie in relatie tot 

werk en gezondheid en het schetst het conceptuele model, de onderzoeksvragen, en de 

studiepopulaties die gebruikt zijn om de onderzoeksvragen te beantwoorden. 

 In Hoofdstuk 2 gingen we de prospectieve samenhang na tussen obesitas en 

depressie, en of subtypen van depressie verschillende effecten hebben op obesitas, en 

vice versa. De resultaten van deze prospectieve studie suggereren dat obesitas 

samenhangt met het ontstaan van recidiverende depressie, d.w.z. het hebben van 

meerdere episoden van depressie. In een follow-up periode van twee jaar hangt 

recidiverende depressie enigszins samen met de ontwikkeling van obesitas bij 

volwassenen in de algemene bevolking. Deze heterogeniteit van depressie zou beter 

moeten worden meegenomen bij onderzoek naar het effect van obesitas op depressie. 

 In hoofdstuk 3 onderzochten we  de afzonderlijke en gecombineerde samenhang 

van overgewicht en depressie, met langdurig ziekteverzuim onder Nederlandse 

werknemers. Deze cross-sectionele studie toonde aan dat de combinatie van overgewicht 

en depressie samenhangt met langdurig ziekteverzuim. De gecombineerde samenhang 

van overgewicht en bedroefdheid is enigszins sterker dan de som van de samenhang van 

elk afzonderlijk, maar de synergie-index was niet statistisch significant. 

 In hoofdstuk 4 onderzochten we  de samenhang van overgewicht en obesitas 

met werk-functioneren, en of deze samenhang verschilt tussen werknemers met 

verschillende typen werkroosters (dag-werkers, werkers op afroep en werkers in 

ploegendienst). Obesitas hing samen met slechtere scores voor werk-functioneren, vooral 

wat betreft fysieke eisen. Onder werkers in ploegendienst hing obesitas, in vergelijking 

met een normaal gewicht, samen met een lagere totaalscore voor werk-functioneren en 



 

167 
 

met lagere sub-schaalscores voor het voldoen aan productie-eisen en fysieke eisen. Bij alle 

werkers hing overgewicht niet samen met de totaalscore of sub-schaalscores wat betreft 

werk-functioneren, en bij dag-werkers en werkers op afroep obesitas hing eveneens daar 

niet mee samen. 

 In hoofdstuk 5 onderzochten we het gecombineerde longitudinale effect van 

obesitas en depressie op het hebben van een grote beperking in werkprestaties onder 

deelnemers aan de Nederlandse Studie naar Depressie en Angst (NESDA). De resultaten 

laten zien dat obesitas, depressie en de combinatie hiervan, longitudinaal samen hangen 

met een verhoogd risico op een grote beperking in werkprestaties gedurende een periode 

van 6 jaar. Ingrijpen bij obesitas kan wat betreft het risico op een grote beperking in 

werkprestaties dus gunstiger zijn voor mensen met een depressie dan voor mensen 

zonder depressie. Deze bevindingen dienen wel te worden bevestigd in een grotere 

steekproef. 

In hoofdstuk 6 onderzochten we de gecombineerde effecten van obesitas en 

depressie/angst op gezondheidsgerelateerde kwaliteit van leven (GG-KvL) in een groot 

populatie gebaseerd cohort, Lifelines. De resultaten lieten zien dat GG-KvL slechter is over 

het gehele spectrum van verhoogde BMI’s, en nog slechter is als de persoon ook depressie 

of angst heeft. Obesitas in combinatie met depressie of angst hing sterk samen met een 

slechte GG-KvL. Het gecombineerde effect van obesitas en depressie of angst op een 

slechte GG-KvL is groter dan de som van de afzonderlijke effecten. Het volgen van 

depressie- en angst-symptomen in obese personen is belangrijk, en het handhaven van 

een normaal gewicht of reductie van overgewicht zijn de beste manieren om GG-KvL te 

verbeteren.  

 In hoofdstuk 7 gingen we de afzonderlijke en gecombineerde longitudinale 

samenhang na van obesitas en depressie of angst met zorggebruik en zorgkosten 

gedurende een periode van 6 jaar. De resultaten laten zien dat obesitas samenhangt met 

een verhoogd risico op alle vormen van zorggebruik. Depressie en angst hangen samen 

met een verhoogd gebruik van eerstelijnszorg, maar niet van specialistenbezoek en niet 

met ziekenhuisopname. Obesitas met depressie of angst leidt tot een hoger zorggebruik 

en tot hogere zorgkosten dan het afzonderlijk hebben van deze aandoeningen. De 

gecombineerde samenhang van obesitas en depressie of angst met zorggebruik en 

zorgkosten is iets groter dan zou worden verwacht op basis van een additief effect. 
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Interveniëren op obesitas kan voor mensen met depressie of angst meer voordelen 

hebben wat betreft de kans op gebruik van eerstelijnszorg en specialistische zorg, en de 

kosten die daarmee samenhangen  dan voor mensen zonder depressie en angst.   

 Tenslotte wordt in hoofdstuk 8 een korte samenvatting en bespreking van de 

bevindingen van dit proefschrift gegeven. De sterktes en zwaktes van de gevolgde 

onderzoeksmethode worden besproken wat betreft de gebruikte onderzoekspopulaties 

en de uitgevoerde metingen. Ook wordt de mate besproken waarin deze studie uitspraken 

over causaliteit kan ondersteunen. Bovendien worden in dit hoofdstuk de implicaties van 

onze bevindingen voor de praktijk en voor toekomstig onderzoek besproken.  

 Samenvattend suggereren de resultaten van dit proefschrift dat obesitas en 

depressie samenhangen en elkaar versterken wat betreft hun samenhang met ongunstige 

werk- en gezondheidsuitkomsten. Dit vormt een klinisch relevant fenotype dat 

mogelijkheden geeft om de invloed van beide aandoeningen gelijktijdig te reduceren wat 

betreft beperkingen in het werk, GG-KvL, en zorggebruik en kosten. Het is daarom 

belangrijk dat zorgverleners en onderzoekers zich bewust zijn van deze verweven 

volksgezondheidsproblemen. Meer bewustheid van deze verwevenheid zou kunnen leiden 

tot een effectievere preventie en behandeling van mensen met een verhoogd risico, wat 

uiteindelijk de ziektelast vanwege beide aandoeningen zou kunnen verminderen.  
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