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abStract

background Health-related quality of life (HR-QoL) may be compromised in obese 
individuals, depending on the presence of other complications. The aim of this study 
is to assess the effect of obesity-related conditions on HR-QoL. These conditions are 
i) grade of obesity with and without type 2 diabetes (T2D), ii) metabolic syndrome 
(MetS), and iii) level of inflammation.

methods From the Dutch LifeLines Cohort Study we included 13,686 obese individu-
als, aged 18-80 years. HR-QoL was measured with the RAND 36-Item Health Survey 
which encompasses eight health domains. We calculated the percentage of obese 
individuals with poor HR-QoL, i.e. those scoring below the domain and sex specific 
cut-off value derived from the normal weight population. Logistic regression analy-
sis was used to calculate the probability of having poor domain scores according to 
the conditions under study.

results Higher grades of obesity and the additional presence of T2D were associated 
with lower HR-QoL, particularly in the domains physical functioning (men: odds 
ratios (ORs) 1.48-11.34, P<0.005, and women: ORs 1.66-5.05, P<0.001) and general 
health (men: ORs 1.44-3.07, P<0.005, and women: ORs 1.36-3.73, P<0.001). A higher 
percentage of obese individuals with MetS had a poor HR-QoL than those without 
MetS. Furthermore, we observed a linear trend between inflammation and the 
percentage of obese individuals with poor scores on the HR-QoL domains. Individu-
als with MetS were more likely to have poor scores in the domains general health, 
vitality, social functioning and role limitations due to emotional problems. Obese 
women with increased inflammation levels were more likely to have poor scores on 
all domains except role limitations due to emotional problems and mental health.

conclusions The impact of obesity on an individual’s quality of life is enhanced by grade 
of obesity, T2D, MetS and inflammation and are mainly related to reduced physical 
health. The mental well-being is less often impaired.

Keywords Health-related quality of life, Obesity grade, Metabolic syndrome, Type 2 
diabetes, Inflammation, Cross-sectional.
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iNtroductioN

A recent study across seven European countries estimated that obesity prevalence 
varies between 12% and 26% [1], confirming that obesity has become an epidemic [2]. 
However, the effect of obesity goes beyond obesity-related and increased morbidities 
and reduced life expectancy.

Impaired health-related quality of life (HR-QoL) has been found in individuals with 
obesity. Obesity has a greater impact on domains of physical health than on domains 
of mental well-being [3]. However, our current knowledge is limited as studies made no 
distinction between the grades of obesity [4-7], had small numbers of participants in the 
different grades of obesity [8-11] or examined only two groups of obesity [8, 11-13]. In 
addition, often self-reported height and weight were used to calculate the body mass 
index (BMI) [5, 8, 10, 12, 14]. Other issues that arise with the previously published studies 
is the wide use of different instruments to assess HR-QoL [4, 7, 13, 14] and taking no 
morbidities into account, or only a small subset of morbidities [5, 6, 13, 14].

Next, obesity often coincides with metabolic syndrome (MetS), type 2 diabetes (T2D) 
and chronic inflammation in varying degrees. So far, it remains unclear whether the 
presence of MetS, a cluster of inter-related risk factors for future cardiovascular diseases 
(CVD) and T2D, is affecting HR-QoL. Some studies suggest that the inflammatory state 
of a person may be related to HR-QoL [15-17]. However, this relationship has only been 
studied in elderly men [18] and in patient settings, e.g. among patients with chronic 
kidney disease or diabetes [15, 16, 19]. We are unaware of any evidence linking HR-QoL 
to the inflammatory state of individuals with obesity.

In the present study, we analysed data from 13,686 obese men and women from the 
general Dutch population. The aim of our study is to assess the effect of obesity-related 
conditions on HR-QoL. These conditions are i) grade of obesity with and without type 2 
diabetes (T2D), ii) metabolic syndrome (MetS), and iii) level of inflammation.

mEthodS

Study and participants

We assessed data from the Dutch LifeLines Cohort Study. This multi-disciplinary prospec-
tive population-based cohort study examines the health and health-related behaviours 
of more than 167,000 persons living in the northeast region of the Netherlands [20]. 
We included participants of Western European origin aged 18-80 years, who enrolled 
in the study between 2006 and 2012. Participants were excluded if data on clinical and 
metabolic measurements and data from the questionnaire on HR-QoL were missing or 
incomplete. In total, 13,686 individuals with obesity (BMI ≥30 kg/m2) were included. Prior 
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to the participation in this study, all individuals gave their written informed consent. The 
study protocol was in accordance with the Declaration of Helsinki and was approved by 
the medical ethical review committee of the University Medical Center Groningen.

measurements and definitions

A standardised protocol was used to obtain blood pressure, height, weight and waist 
circumference. Blood pressure was measured 10 times during a period of 10 minutes 
with an automated DINAMAP Monitor (GE Healthcare, Freiburg, Germany). The average 
of the final three readings was recorded for systolic- and diastolic blood pressure. An-
thropometric measurements were done without shoes, for body weight to the nearest 
0.1 kg and height and waist circumference to the nearest 0.5 cm. Height was measured 
with a stadiometer and waist circumference was measured in standing position with a 
tape measure all around the body, at the level midway between the lower rib margin 
and the iliac crest.

For analysis of lipids, glucose and the inflammation marker high sensitivity C-
reactive protein (hs-CRP), blood samples were drawn in the morning between 8:00 and 
10:00 a.m. after a period of overnight fasting. High-density lipoprotein cholesterol was 
measured with an enzymatic colorimetric method and triglycerides with a colorimetric 
UV method, on a Roche Modular P chemistry analyser (Roche, Basel, Switzerland). Fast-
ing blood glucose was measured with a hexokinase method. Hs-CRP was determined 
by nephelometry (BN II system Siemens, Marburg, Germany). The American Heart As-
sociation has defined that hs-CRP levels of <1, 1 to 3, and >3 mg/L correspond to low-, 
moderate-, and high-risk groups for future cardiovascular events. Levels above 10 mg/L 
usually indicates acute inflammation [21].

BMI was calculated by dividing weight in kilograms by the squared height in meters 
(kg/m2). Based on their BMI, participants were classified into three grades of obesity as 
defined by the World Health Organisation: obesity grade 1 (BMI 30-34.9); obesity grade 
2 (BMI 35.0-39.9); or obesity grade 3 (BMI ≥40.0 kg/m2) [22]. MetS was defined according 
to the modified guidelines of the National Cholesterol Education Program’s Adult Treat-
ment Panel III (NCEP ATP III) [23]. Diagnosis of T2D was based on self-report and/or use of 
blood-glucose lowering medication, or an elevated fasting blood glucose ≥7.0 mmol/L 
at examination.

measuring hr-Qol using raNd-36

HR-QoL was measured using the RAND 36-Item Health Survey version 1.0 (RAND-36) 
[24], which was self-completed by the participant. The RAND-36 include the exact same 
items as the 36-Item Short Form Health Survey version 1.0, however, the scoring for the 
two domains bodily pain and general health are slightly different. The questionnaire 
measures health perception across eight multi-item health domains. These include do-
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mains mainly related to physical health (i.e. physical functioning, role limitations due to 
physical health problems, bodily pain and general health) and domains mainly related to 
mental well-being (i.e. vitality, social functioning, role limitations due to emotional prob-
lems, and general mental health). Scores on the eight domains are generated as follows: 
1) numeric values are given to each answer for all items, 2) items in the same domain are 
averaged together to create the eight raw domain scores (the possible combinations of 
given answers within a domain is fixed, therefore, only fixed scores can be computed), 
3) since not all HR-QoL domains include the same amount of questions in the RAND-36, 
the raw domain scores are transformed to scales of 0 (maximal impairment) to 100 (no 
impairment) [24]. Please note that the domain scores are not continuous (nor normally 
distributed), however, based on frequencies of fixed scores.

defining morbidities

Participants were asked to indicate in a provided list from which disorders/diseases they 
currently or in the past suffered. The single morbidities were clustered in the following 
11 subgroups: Pulmonary; Cancer; CVD; Head; Gastrointestinal & Liver; Kidney and Blad-
der; Neurological diseases; Blood disorders; Musculoskeletal diseases; Dermatological 
diseases; and Mental disorders. If the participant had at least one morbidity within the 
subgroup, this subgroup was coded as being present. The formation of the subgroups 
are based on morbidities which affect the same organs or systems, or they share the 
same biological mechanism. Detailed information on the single morbidities is available 
in S1 Table.

data description and statistical analyses

All analyses were conducted using IBM SPSS Statistics version 20 (IBM Corporation, 
Armonk, NY, USA). All data are presented for men and women separately. In the charac-
teristics table data are presented as mean ± SD, or median and interquartile range (IQR) 
when not normally distributed. Unfortunately, the manual of the RAND-36 questionnaire 
or other publications have not indicated what difference or change in HR-QoL domain 
scores should be considered as clinically relevant. Therefore, we generated a cut-off 
value to indicate a poor score based on the HR-QoL domain score at the 25th percentile 
of the normal weight population. This was done for each domain and separately for men 
and women.

The individuals who were classified as normal weight (BMI ≤25.0 kg/m2) also par-
ticipated in the LifeLines Cohort Study (N=39,528). To assess whether degree of obesity 
with and without T2D, MetS and level of inflammation were related to poor scores on 
the HR-QoL domains, we calculated the percentages of individuals who scored below 
this arbitrary cut-off value. Chi-square tests were used to analyse the differences in 
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proportions between the groups and Mantel-Haenszel tests to check for a linear trend 
in proportions across groups.

We performed per HR-QoL domain (outcome measure) three separate multivariable 
logistic regression analyses to assess the probability of having a poor score according to 
i) obesity grade with/without T2D, ii) MetS, and iii) level of inflammation. These analyses 
were sex-stratified and adjusted for age, the 11 subgroups of morbidities, and where 
appropriate for BMI and T2D. To test whether the associations varied by age, we also 
tested for a significant interaction between age and the condition under study i) obesity 
grade with/without T2D, ii) MetS; and iii) level of inflammation). In the model with the 
exposure variable MetS, T2D was not included as a covariate since diabetes is one of the 
criteria to define MetS.

Since we performed our analysis separately by sex, we accounted for the number of 
comparisons made within one sex on one domain of HR-QoL (five comparisons within 
the obesity grade groups with and without T2D, one comparison in the MetS status 
group and three comparisons within the hs-CRP groups). As such, an arbitrary P value 
< 0.0055 (α=0.05/9) was considered statistically significant. All P values were two-sided.

rESultS

population characteristics and percentage of obese individuals with a poor 
hr-Qol

The study population comprised 5,210 (38%) obese men and 8,476 (62%) obese women 
(Table 1). Mean age was 48 in the men (SD 11 years) and 47 in the women (SD 12 years). 
In the male population only 3.2% had grade 3 obesity and most participants had hs-CRP 
levels ≤3 mg/L (68.9%). In the female population we observed a high percentage of 
individuals with obesity grade 3 (7.9%) and hs-CRP levels above 3 mg/L (58.2%). The 
prevalence of MetS was 64.1% and 39.9% in respectively, men and women. T2D was 
present in 9.2% of men and in 6.3% of women.
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Figures 1-3 represent the sex-specific percentages of obese individuals with a poor score 
on the HR-QoL domains. With a higher grade of obesity and/or who had T2D, higher 
percentages of individuals had a poor HR-QoL, especially in the domains physical func-
tioning (PF) and general health (GH) (Figure 1). Compared to those with grade 1 obesity 
and no T2D, 45.0% more men and 39.0% more women with grade 3 obesity and T2D had 
a poor score on physical functioning. For general health these differences were 29.1% 
and 34.9%, respectively.

For all domains, the percentage of men and women with obesity and a poor score 
was higher in those with MetS (Figure 2). Again, poor scores on HR-QoL was most often 
reported in the domains physical functioning and general health. Individuals with 
higher levels of inflammation scored worse on HR-QoL (Figure 3). This trend was most 
prominent in the group with hs-CRP >3 mg/L, and in the domains mainly related to 

table 1. Characteristics of participants with obesity.

Characteristics Men Women

Number of participants 5,210 8,476

Age (yrs) 48 ± 11 47 ± 12

Weight (kg) 108.4 ± 12.6 96.3 ± 12.9

BMI (kg/m2) 31.9 (30.7-33.8) 32.9 (31.2-35.6)

Obesity grade 1, n (%) 4363 (83.7) 5961 (70.3)

Obesity grade 2, n (%) 681 (13.1) 1846 (21.8)

Obesity grade 3, n (%) 166 (3.2) 669 (7.9)

Waist circumference (cm) 110.5 (106.5-116.0) 104.0 (98.0-111.0)

Blood glucose (mmol/L) 5.3 (5.0-5.8) 5.1 (4.8-5.5)

Total cholesterol (mmol/L) 5.2 ± 1.0 5.1 ± 1.0

Triglycerides (mmol/L) 1.58 (1.13-2.20) 1.16 (0.85-1.59)

HDL-cholesterol (mmol/L) 1.13 ± 0.26 1.39 ± 0.33

LDL-cholesterol (mmol/L) 3.46 ± 0.91 3.27 ± 0.88

Systolic blood pressure (mmHg) 137 ± 14 129 ± 15

Diastolic blood pressure (mmHg) 80 ± 9 75 ± 9

hs-CRP (mg/L)a 1.8 (1.0-3.5) 3.8 (1.8-7.1)

<1 mg/L, n (%) 717 (22.6) 502 (9.9)

1-3 mg/L, n (%) 1,468 (46.3) 1,621 (32.0)

3-10 mg/L , n (%) 864 (27.2) 2,337 (46.1)

>10 mg/L, n (%) 124 (3.9) 612 (12.1)

Metabolic syndrome, n (%) 3,339 (64.1) 3,383 (39.9)

Type 2 diabetes, n (%) 480 (9.2) 533 (6.3)

Data presented as mean ± SD or median (interquartile range). a hs-CRP measures were available in 3,173 
men and 5,072 women. BMI= body mass index; HDL= high-density lipoprotein; LDL= low-density lipopro-
tein; hs-CRP= high sensitivity C-reactive protein.
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figure 1. Percentages of obese individuals with a poor HR-QoL domain score, according to obesity grade 
with and without T2D.
(A) Men. (B) Women.
Obesity grade 1: BMI 30-34.9 kg/m2 Obesity grade 2: BMI 35-39.9 kg/m2 Obesity grade 3: BMI ≥40 kg/m2

The corresponding cut-off value derived from the scores in the normal weight population for the individual 
domains (25th percentile men, 25th percentile women): PF = physical functioning (95.0, 90.0); RP = role limi-
tations due to physical health problems (100.0, 100.0); BP = bodily pain (79.6, 67.4); GH = general health 
(65.0, 65.0); VT = vitality (60.0, 55.0); SF = social functioning (87.5, 75.0); RE = role limitations due to emo-
tional problems (100.0, 100.0); MH = mental health (76.0, 72.0). Mantel-Haenszel tests was used to check 
for a linear trend in proportions across groups of obesity grade without T2D and separately for groups of 
obesity grade with T2D. * Indicates a linear trend at P <0.005; a P <0.001; and b P <0.002.
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figure 2. Percentages of obese individuals with a poor HR-QoL domain score, according to MetS.
(A) Men. (B) Women.
MetS= metabolic syndrome. The corresponding cut-off value derived from the scores in the normal weight 
population for the individual domains (25th percentile men, 25th percentile women): PF = physical function-
ing (95.0, 90.0); RP = role limitations due to physical health problems (100.0, 100.0); BP = bodily pain (79.6, 
67.4); GH = general health (65.0, 65.0); VT = vitality (60.0, 55.0); SF = social functioning (87.5, 75.0); RE = role 
limitations due to emotional problems (100.0, 100.0); MH = mental health (76.0, 72.0). Chi-square tests were 
used to analyse the differences in proportions between the obese without MetS and the obese with MetS. 
* Indicates a difference relative to the reference group (individuals with obesity in the absence of MetS) at 
P <0.005; aP <0.001; and bP <0.002.



144 Chapter 6

       











  

      

      

      



      


















 



       
















 
















 



figure 3. Percentages of obese individuals with a poor HR-QoL domain score, according to level of hs-CRP.
(A) Men. (B) Women.
hs-CRP = high sensitivity C-reactive protein. The corresponding cut-off value derived from the scores in 
the normal weight population for the individual domains (25th percentile men, 25th percentile women): PF 
= physical functioning (95.0, 90.0); RP = role limitations due to physical health problems (100.0, 100.0); BP 
= bodily pain (79.6, 67.4); GH = general health (65.0, 65.0); VT = vitality (60.0, 55.0); SF = social functioning 
(87.5, 75.0); RE = role limitations due to emotional problems (100.0, 100.0); MH = mental health (76.0, 72.0).
Mantel-Haenszel tests was used to check for a linear trend in proportions across groups of hs-CRP level 
within the obese population. * Indicates a linear trend for individuals with obesity and higher levels of hs-
CRP at P <0.005; aP <0.001; and bP <0.002.
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physical health and the domain vitality (VT). The percentage of individuals who had 
a poor score on the domain bodily pain varied between 32.2-41.9% in men and 18.5-
27.8% in women (Figure 3).

probability of having a poor hr-Qol in the obese population

Tables 2-4 show the adjusted odds ratios (ORs) for having a poor HR-QoL score on the 
eight domains, according to grade of obesity with and without T2D (Table 2), MetS 
status (Table 3) and level of inflammation (Table 4). There were no significant interac-
tions between age and the conditions under study (data not shown). Compared with 
the reference group (obesity grade 1 and no T2D), both men and women with grade 2 
or 3 obesity and/or T2D had a higher odds ratio for a poor HR-QoL score in the domains 
physical functioning and general health ( P <0.001) (Table 2). There were two notable 
results among men and women with grade 3 obesity. Firstly, the association with poor 
physical health was very high in men (OR [95% CI]: 4.08 [2.72-6.12] (without T2D) and 
11.34 [3.39-37.89] (with T2D)) and women(OR 3.39 [2.78-4.15] (without T2D) and 5.05 
[2.77-9.21] (with T2D)), with both associations highly significant ( P <0.0001). Secondly, 
women with grade 3 obesity, having no T2D, had a greater probability for poor role 
limitation due to physical health problems (RP) (OR 1.55 [1.30-1.87]) and bodily pain 
(BP) (OR 1.62 [1.34-1.95]) compared to the reference group, while men did not. When 
accompanied by T2D these associations were even stronger (OR 2.24 [1.43-3.51] for 
RP and OR 2.68 [1.67-4.29] for BP). Although domains of mental well-being were not 
affected with the same strength, men with obesity grade 2 and 3 without T2D had an 
OR of, respectively, 1.49 [1.22-1.81] and 2.00 [1.37-2.91] for a poor score on vitality ( P 
<0.001) (Table 2).
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table 2. Adjusted odds ratios (95% confidence intervals) for having a poor score on each domain of HR-
QoL, according to grade of obesity and T2D.

Number of subjects 
(%)

Physical 
Functioning

Role limitations 
Physical health

Bodily Pain General Health

Men

Obesity grade 1 - no T2D (ref.) 4,022 (77.2) 1.0 1.0 1.0 1.0

Obesity grade 1 - T2D 341 (6.5) 1.48 (1.15-1.89) b 1.13 (0.87-1.47) 1.15 (0.90-1.48) 1.61 (1.26-2.04) a

Obesity grade 2 – no T2D 578 (11.1) 1.84 (1.52-2.22) a 1.16 (0.94-1.42) 1.23 (1.02-1.49) 1.44 (1.19-1.74) a

Obesity grade 2 – T2D 103 (2.0) 2.79 (1.73-4.49) a 1.55 (1.00-2.40) 1.52 (1.00-2.33) 2.21 (1.45-3.36) a

Obesity grade 3 – no T2D 130 (2.5) 4.08 (2.72-6.12) a 1.38 (0.91-2.07) 1.48 (1.01-2.15) 2.00 (1.39-2.89) a

Obesity grade 3 – T2D 36 (0.7) 11.34 (3.39-37.89) a 1.60 (0.77-3.29) 0.97 (0.47-2.00) 3.07 (1.51-6.23) b

Women

Obesity grade 1 – no T2D (ref.) 5,662 (66.8) 1.0 1.0 1.0 1.0

Obesity grade 1 – T2D 299 (3.5) 1.35 (1.02-1.75) 1.31 (1.01-1.70) 1.09 (0.84-1.41) 1.74 (1.35-2.25) a

Obesity grade 2 – no T2D 1,700 (20.1) 1.66 (1.47-1.87) a 1.19 (1.05-1.34) 1.14 (1.01-1.29) 1.36 (1.21-1.54) a

Obesity grade 2 – T2D 146 (1.7) 1.55 (1.05-2.28) 1.10 (0.76-1.59) 1.23 (0.86-1.77) 2.06 (1.44-2.96) a

Obesity grade 3 – no T2D 581 (6.9) 3.39 (2.78-4.15) a 1.55 (1.30-1.87) a 1.62 (1.34-1.95) a 2.29 (1.91-2.77) a

Obesity grade 3 – T2D 88 (1.0) 5.05 (2.77-9.21) a 2.24 (1.43-3.51) a 2.68 (1.67-4.29) a 3.73 (2.32-5.99) a

Number of subjects 
(%)

Vitality Social Functioning Role limitations 
Emotional problems

Mental Health

Men

Obesity grade 1 - no T2D (ref.) 4,022 (77.2) 1.0 1.0 1.0 1.0

Obesity grade 1 - T2D 341 (6.5) 1.43 (1.10-1.86) 1.53 (1.17-1.99) b 1.35 (0.98-1.87) 1.44 (1.10-1.90)

Obesity grade 2 – no T2D 578 (11.1) 1.49 (1.22-1.81) a 1.25 (1.01-1.54) 1.09 (0.84-1.41) 1.22 (0.98-1.51)

Obesity grade 2 – T2D 103 (2.0) 1.85 (1.20-2.85) 1.39 (0.88-2.19) 1.25 (0.72-2.17) 1.83 (1.16-2.86)

Obesity grade 3 – no T2D 130 (2.5) 2.00 (1.37-2.91) a 1.87 (1.27-2.78) b 1.46 (0.90-2.38) 1.41 (0.93-2.13)

Obesity grade 3 – T2D 36 (0.7) 2.10 (1.03-4.28) 1.22 (0.56-2.66) 1.70 (0.71-4.07) 0.87 (0.36-2.10)

Women

Obesity grade 1 – no T2D (ref.) 5,662 (66.8) 1.0 1.0 1.0 1.0

Obesity grade 1 – T2D 299 (3.5) 1.45 (1.11-1.90) 1.16 (0.86-1.57) 1.30 (0.96-1.77) 1.41 (1.07-1.86)

Obesity grade 2 – no T2D 1,700 (20.1) 1.12 (0.99-1.27) 1.08 (0.94-1.24) 1.06 (0.92-1.22) 1.04 (0.91-1.18)

Obesity grade 2 – T2D 146 (1.7) 1.21 (0.83-1.77) 1.37 (0.92-2.02) 1.09 (0.71-1.67) 1.18 (0.80- 1.74)

Obesity grade 3 – no T2D 581 (6.9) 1.24 (1.03-1.51) 1.31 (1.07-1.61) 1.35 (1.09-1.68) 1.26 (1.03-1.54)

Obesity grade 3 – T2D 88 (1.0) 1.90 (1.21-3.00) 1.45 (0.89-2.36) 1.57 (0.96-2.59) 1.60 (1.00-2.56)

Adjusted for age and the following morbidities: Pulmonary; Cancer; CVD; Head; Gastrointestinal & Liver; 
Kidney & Bladder; Neurological diseases; Blood disorders; Musculoskeletal diseases; Dermatological dis-
eases and Mental disorders. Ref.: reference. Odds ratios in bold indicate P <0.005; a P <0.001; and b P <0.002.
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table 3. Adjusted odds ratios (95% confidence intervals) for having a poor score on each domain of HR-
QoL according to level of hs-CRP.

Number of subjects (%) Physical 
Functioning

Role limitations 
Physical health

Bodily Pain General Health

Men

No MetS (ref.) 4,420 (84.8) 1.0 1.0 1.0 1.0

MetS 790 (15.2) 1.25 (1.06-1.48) 1.12 (0.93-1.34) 1.12 (0.94-1.33) 1.27 (1.08-1.50)

Women

No MetS (ref.) 5,790 (68.3) 1.0 1.0 1.0 1.0

MetS 2,686 (31.7) 1.13 (1.02-1.26) 1.17 (1.05-1.30) 1.14 (1.02-1.27) 1.35 (1.22-1.51) a

Number of subjects (%) Vitality Social Functioning Role limitations 
Emotional 
problems

Mental Health

Men

No MetS (ref.) 4,420 (84.8) 1.0 1.0 1.0 1.0

MetS 790 (15.2) 1.31 (1.10-1.57) 1.31 (1.09-1.57) 1.40 (1.12-1.75) 1.16 (0.96-1.41)

Women

No MetS (ref.) 5,790 (68.3) 1.0 1.0 1.0 1.0

MetS 2,686 (31.7) 1.27 (1.14-1.42) a 1.24 (1.10-1.40) a 1.26 (1.11-1.43) a 1.17 (1.04-1.31)

Adjusted for age, BMI and the following morbidities: Pulmonary; Cancer; CVD; Head; Gastrointestinal & Liv-
er; Kidney & Bladder; Neurological diseases; Blood disorders; Musculoskeletal diseases; Dermatological dis-
eases and Mental disorders. Ref.: reference. Odds ratios in bold indicate P <0.005; aP <0.001; and bP <0.002.

table 4. Adjusted odds ratios (95% confidence intervals) for having a poor score on each domain of HR-
QoL according to level of hs-CRP.

Number of subjects 
(%)

Physical 
Functioning

Role limitations 
Physical health

Bodily Pain General Health

Men

hs-CRP <1 mg/L (ref.) 717 (22.6) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,468 (46.3) 1.12 (0.93-1.37) 1.08 (0.86-1.35) 1.04 (0.84-1.27) 1.09 (0.89-1.33)

hs-CRP 3-10 mg/L 864 (27.2) 1.29 (1.04-1.61) 1.31 (1.02-1.67) 1.18 (0.94-1.48) 1.25 (1.00-1.57)

hs-CRP >10 mg/L 124 (3.9) 1.26 (0.83-1.92) 1.32 (0.84-2.08) 1.35 (0.89-2.06) 1.50 (0.99-2.28)

Women

hs-CRP <1 mg/L (ref.) 502 (9.9) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,621 (32.0) 1.13 (0.90-1.42) 1.16 (0.92-1.47) 1.24 (0.99-1.55) 1.16 (0.92-1.46)

hs-CRP 3-10 mg/L 2,337 (46.1) 1.41 (1.13-1.76) b 1.17 (0.92-1.47) 1.25 (1.00-1.55) 1.50 (1.19-1.88) b

hs-CRP >10 mg/L 612 (12.1) 1.85 (1.41-2.44) a 1.55 (1.17-2.05) b 1.56 (1.19-2.05) b 1.65 (1.25-2.18) a
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For both men and women, the odds ratios for a poor HR-QoL were higher in the presence 
of MetS for the domains general health, vitality, social functioning and role limitations 
due to emotional problems (among men all Ps <0.005 and among women all Ps <0.001) 
(Table 3). In women, elevated hs-CRP levels (>3 mg/L) were associated with poor scores 
on the HR-QoL domains. The associations were especially strong in women with hs-CRP 
above 10 mg/L for the domains physical functioning ( P <0.001), role limitations due 
to emotional problems ( P <0.002), bodily pain ( P <0.002), general health ( P <0.001), 
vitality ( P <0.001), and social functioning ( P <0.002).

Since BMI, T2D and MetS are not completely independent of inflammation level, we 
also performed an analysis where in the multivariable logistic regression model hs-CRP 
was modelled together with obesity grade with and without T2D (S2 Table), and also 
modelled together with MetS (S3 Table).

diScuSSioN

To the best of our knowledge, this is the first study to report in a very large population 
with obesity (13,686 individuals) the sex-specific effect of grade of obesity with and 
without T2D, the effect of MetS and the effect of level of inflammation on HR-QoL.

A systematic review and meta-analysis was published in 2013 on the association of 
all-cause mortality with overweight and obesity [25]. Results showed that relative to 
normal weight individuals, only people with grade 2 and 3 obesity have a significantly 

table 4. Adjusted odds ratios (95% confidence intervals) for having a poor score on each domain of HR-
QoL according to level of hs-CRP. (continued)

Number of subjects 
(%)

Vitality Social Functioning Role limitations 
Emotional problems

Mental Health

Men

hs-CRP <1 mg/L (ref.) 717 (22.6) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,468 (46.3) 0.86 (0.70-1.07) 0.81 (0.65-1.02) 0.75 (0.57-0.99) 0.95 (0.76-1.20)

hs-CRP 3-10 mg/L 864 (27.2) 1.05 (0.83-1.33) 1.17 (0.92-1.48) 1.21 (0.90-1.63) 1.11 (0.86-1.43)

hs-CRP >10 mg/L 124 (3.9) 1.26 (0.82-1.94) 1.07 (0.67-1.69) 1.16 (0.66-2.02) 1.25 (0.78-1.99)

Women

hs-CRP <1 mg/L (ref.) 502 (9.9) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,621 (32.0) 1.19 (0.93-1.52) 1.37 (1.04-1.80) 1.31 (0.99-1.75) 1.17 (0.91-1.51)

hs-CRP 3-10 mg/L 2,337 (46.1) 1.41 (1.11-1.79) 1.50 (1.15-1.96) 1.47 (1.11-1.96) 1.33 (1.04-1.71)

hs-CRP >10 mg/L 612 (12.1) 1.70 (1.27-2.26) a 1.70 (1.23-2.34) b 1.28 (0.91-1.80) 1.32 (0.98-1.78)

Adjusted for age, BMI and the following morbidities: T2D; Pulmonary; Cancer; CVD; Head; Gastrointestinal 
& Liver; Kidney & Bladder; Neurological diseases; Blood disorders; Musculoskeletal diseases; Dermatologi-
cal diseases and Mental disorders. Ref.: reference. Odds ratios in bold indicate P <0.005; aP <0.001; and bP 
<0.002.
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higher all-cause mortality rate. Studies among individuals with obesity often focus on 
obesity-related morbidities and mortality, and rarely on quality of life. Rather than simply 
focusing on the long-term effects of obesity on health and survival, it is also important 
to understand the influence of obesity and related conditions on an individual’s daily 
life. We used data of normal weight individuals from the same cohort study to indicate 
poor scores on eight domains of HR-QoL. The results showed that individuals with grade 
1 obesity already had more often a diminished HR-QoL compared to the normal weight 
individuals. The reduced HR-QoL already visible among individuals with grade 1 obesity 
seems to be related to their greater BMI. Although, the presence of co-morbidities might 
also be partly responsible for this observation, earlier studies have shown that a higher 
BMI is associated with lower HR-QoL [3].

In the obese population the effect of obesity grade and T2D was particularly evident 
for the domains of physical functioning and general health, even after adjustment for 
age and morbidities. Since obese individuals carry more weight, and have to deal with a 
larger body mass, it is not surprising that the daily performance of physical activities is a 
daunting task for them. As we observed, it becomes even more difficult in the presence 
of T2D. These results support the previously reported association between T2D and a 
reduced quality of life, being already evident at the early stage of the disease, especially 
in relation to the ability to perform physical activities [26].

Obesity often leads to MetS, a cluster of inter-related risk factors for atherosclerosis, 
CVD and T2D [23]. Results of data on the impact of MetS on HR-QoL are inconsistent. A 
study conducted in a sample of nondiabetic Iranian adults showed that, only in women, 
MetS was associated with lower scores on the domains physical functioning, bodily pain 
and social functioning [27]. However, this study did not address the influence of BMI or 
obesity.

In contrast, BMI and obesity were a key factor in our study, and we found that even 
after adjusting for BMI, individuals who had both obesity and MetS were more likely to 
have a poor score on HR-QoL domains than individuals with obesity alone. Both obese 
men and women had in the presence of MetS a higher probability for poor scores on the 
domains general health, vitality, social functioning and role limitations due to emotional 
problems. Previously, Vetter et al. could not establish a relationship between MetS and 
HR-QoL in individuals with obesity. This may well be accounted for by the small sample 
size (390 obese participants, 85% female), the study design (inclusion in a weight reduc-
tion program) and their use of summary scores for physical health and mental well-being 
[28]. Tsai et al. also examined HR-QoL among obese individuals aiming for weight reduc-
tion [29]. The association between MetS and the summary score of physical HR-QoL was 
eliminated when adjusted for BMI. This study did also not investigate the association of 
MetS with the individual domains of HR-QoL. The validity of the summary scores, which 
are aggregated from the eight health domains, has been the subject of debate [30, 31]. 
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For this reason, the scores from the individual health domains may be more informative 
than the summary scores.

Levinger et al. reported that in individuals with an increased number of metabolic 
risk factors a common characteristic is low aerobic fitness and muscle strength, leading 
to an impaired capacity to perform activities of daily living (ADLs) and impaired quality 
of life [32]. Resistance training increased the muscle strength and capacity to perform 
ADLs in individuals with at least two metabolic risk factors and were followed by im-
provements in the domains physical functioning, general health, and social functioning, 
despite no changes in body fat content or aerobic power [32]. In a second study from 
the same research group of Levinger et al., it was found that among a small group of 55 
middle-aged adults, women, but not men, with higher numbers of MetS components 
were more likely to have impaired physical functioning and to experience bodily pain 
[33]. However, the findings of this second study were unadjusted for BMI. In our study 
there was also a strong association between MetS and physical functioning, in both 
obese men (OR 1.37 [1.16-1.61], P <0.001) and obese women (OR 1.31 [1.18-1.46], P 
<0.001), when we did not take BMI into account. Also women experienced more bodily 
pain (OR 1.22 [1.10-1.35], P <0.001). These findings indicate that BMI, rather than MetS, 
seems to be associated with lower scores on physical functioning and bodily pain.

The conditions under study here – obesity, T2D and MetS – are not only known to 
be associated with the progression of CVD but are also all characterised by inflamma-
tion [34]. Inflammatory factors have been proposed as being part of the mechanism 
underlying reduced HR-QoL [15-17]. Since the accumulation of intra-abdominal fat is 
an important risk factor for inflammation, leading to the elevation of circulating hs-CRP, 
measurement of this widely used marker provides an indication of whether or not in-
flammation is likely to impair HR-QoL in individuals with obesity [35, 36].

We found that with increasing levels of inflammation there was an increasing 
number of obese individuals who reported impaired HR-QoL. In our study, women had 
higher hs-CRP levels than men ( P <0.0001). Despite this gender difference, women are 
in general at lower risk for CVD events than men, which is explained by the fact that 
women have a greater accumulation of subcutaneous fat, while men carry more visceral 
fat [37]. Nevertheless, we found that obese women with hs-CRP levels above 3 mg/L had 
a higher probability for poor HR-QoL domain scores, while obese men did not.

Others have also looked at the link between inflammation and HR-QoL. For example, 
among chronic kidney disease patients with anaemia, only inflammatory markers such 
as interleukin (IL)-6, IL-8 and tumour necrosis factor (TNF)-α were correlated with some 
of the HR-QoL domains, but CRP was not [19]. In such group of non-obese patients, 
lower levels of hs-CRP might not be strong enough for predicting HR-QoL. However, 
our additional analysis showed that the found association between obesity grade with 
and without T2D and HR-QoL (S2 Table), and the association between MetS and HR-QoL, 
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is likely to be partially attributable to elevated hs-CRP levels (S3 Table). For example, 
the OR for poor quality of life in the domain physical functioning was dropped in for 
individuals with grade 3 obesity and T2D from 11.34 to 7.27 in men and from 5.05 to 3.98 
in women when we also included hs-CRP levels in the model. While our data certainly 
support the hypothesis that hs-CRP is adversely associated with HR-QoL, future studies 
should also include measurements of other inflammatory markers.

In our study, the impact of obesity on domains of mental well-being was not as strong 
as that on domains of physical health. Of the four domains mainly related to mental 
well-being, vitality was more often affected in obese individuals. Previously published 
studies also suggest that the impact of obesity on mental well-being is weak. One pos-
sible explanation for such a relationship is that obesity only affects mental well-being in 
individuals whose obesity is accompanied by binge eating [38, 39], or diseases, chronic 
or otherwise [8]. Recently Jagielski et al. reported a high prevalence of psychological co-
morbidity, such as symptoms of anxiety (70.3%) and depression (66.2%) among extreme 
obese individuals (BMI ≥35 kg/m2) who sought assistance in weight-management. 
However, the authors did not find a significant association between these conditions 
and adiposity. These findings suggest that the treatment-seeking obese individuals may 
suffer more from the psychological co-morbidities of extreme obesity than the rest of 
the obese population [40]. In our crude logistic model (adjusted for age only, data not 
shown), women with grade 3 obesity had higher odds of having a poor score on all 
four domains related to mental well-being, compared to those with grade 1 obesity ( 
P <0.0001). Men with grade 3 obesity only had a poor outcome on vitality ( P <0.0001). 
However, after adjusting for the presence of the various morbidities, most associations 
disappeared, which suggests that the relationship was attributable to the presence of 
other morbidities or obesity-related conditions. For instance, MetS was especially related 
to the domains of mental well-being (vitality, social functioning and role limitations due 
to emotional problems) and elevated hs-CRP levels in women was besides the domains 
of physical health, also associated with vitality and social functioning.

Strengths and limitations

The main strength of our study is the large, are the well-characterised obese individuals, 
derived from the general population. Such large sample size provided us with sufficient 
statistical power to thoroughly investigate all associations between different obesity-
related conditions. We even had data on 835 individuals with morbidly obesity. The nor-
mal weight individuals from the same cohort study provided us with a large and suitable 
reference group to define cut-off values of poor HR-QoL. A further strength of our study 
is the adjustment for a wide range of physical and mental morbidities, which enabled 
us to examine the effect of obesity and related conditions on HR-QoL as profound as 
possible.
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A limitation of this study is the cross-sectional design. As prospective data collection 
for the LifeLines Cohort Study is still ongoing, we might conclude about causality in the 
follow-up studies. A second limitation is that although the RAND-36 has proven to be 
highly valid for assessing HR-QoL and is a practical tool for epidemiological research, it 
remains a generic health status questionnaire. Furthermore, it is possible that our results 
are subject to volunteer bias. Individuals with obesity who elected to participate in the 
LifeLines Cohort Study may have had a better physical and mental health than those 
who did not volunteer. Finally, when assessing morbidity, our study relied on data from 
a self-reported questionnaire, which may have caused under- or over-reporting.

coNcluSioNS

A substantial portion of obese individuals in the general population experience physi-
cal or mental consequences of their weight, which are reflected in the low scores on 
domains of health-related quality of life. The impact of obesity on an individual’s quality 
of life is enhanced by grade of obesity, T2D, MetS and inflammation and are mainly 
related to reduced physical health, such as in the domain of physical functioning and 
general health. Although mental well-being is less frequently impaired among the gen-
eral obese population, they still have a higher probability to experience consequences 
in the related domains.
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SupplEmENtal iNformatioN

table S1. Detailed overview of the single morbidities, clustered in 11 subgroups.

Subgroup Morbidities

Pulmonary asthma and COPD

Cancer

Cardiovascular disease myocardial infarction, stroke, heart valve problems, atherosclerosis, 
thrombosis and pulmonary embolism

Head migraine, cataracts and chronic throat/sinus infections

Gastrointestinal & Liver hepatitis, cirrhosis of the liver, coeliac disease and gallstones

Kidney and Bladder kidney stones, chronic bladder infection and incontinence

Neurological diseases epilepsy, multiple sclerosis, spasticity, Parkinson’s disease and dementia

Blood disorders anaemia and clotting disorders

Musculoskeletal diseases fibromyalgia, arthrosis, rheumatic disease, osteoporosis, back or neck hernia, 
and repetitive strain injury

Dermatological diseases serious acne, eczema and psoriasis

Mental disorders chronic fatigue syndrome, burnout, depression, panic disorder, social 
phobia, agoraphobia, other anxiety syndromes, manic depressive syndrome, 
schizophrenia, eating problems, obsessive/compulsive disorders and ADHD
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table S2. Adjusted odds ratios (95% confidence intervals) for having a poor score on each domain of HR-
QoL, according to obesity grade with/without T2D, and hs-CRP.

Number of 
subjects (%)

Physical 
Functioning

Role limitations 
Physical health

Bodily Pain General Health

Men

Obesity grade 1 - no T2D (ref.) 2,437 (76.8) 1.0 1.0 1.0 1.0

Obesity grade 1 - T2D 212 (6.7) 1.59 (1.16-2.18) 1.08 (0.77-1.51) 1.27 (0.93-1.74) 1.53 (1.13-2.09)

Obesity grade 2 - no T2D 359 (11.3) 1.82 (1.43-2.33) a 0.97 (0.74-1.27) 1.11 (0.87-1.43) 1.31 (1.03-1.66)

Obesity grade 2 - T2D 67 (2.1) 1.79 (1.02-3.15) 1.38 (0.80-2.37) 1.18 (0.70-2.01) 2.16 (1.29-3.64)

Obesity grade 3 - no T2D 76 (2.4) 3.70 (2.16-6.34) a 1.04 (0.59-1.82) 1.26 (0.76-2.09) 1.58 (0.96-2.58)

Obesity grade 3 - T2D 22 (0.7) 7.27 (1.61-32.80) 1.78 (0.72-4.40) 0.74 (0.29-1.87) 2.83 (1.09-7.37)

Women

Obesity grade 1 - no T2D (ref.) 3,333 (65.7) 1.0 1.0 1.0 1.0

Obesity grade 1 - T2D 179 (3.5) 1.82 (1.26-2.64) b 1.50 (1.07-2.09) 1.14 (0.82-1.60) 1.76 (1.26-2.45) b

Obesity grade 2 - no T2D 1,053 (20.8) 1.53 (1.31-1.79) a 1.02 (0.87-1.20) 1.00 (0.85-1.17) 1.21 (1.04-1.42)

Obesity grade 2 - T2D 95 (1.9) 1.81 (1.08-3.07) 1.21 (0.76-1.90) 1.17 (0.74-1.86) 2.17 (1.37-3.44) b

Obesity grade 3 - no T2D 349 (6.9) 2.66 (2.05-3.45) a 1.38 (1.07-1.76) 1.28 (1.00-1.64) 1.98 (1.55-2.53) a

Obesity grade 3 - T2D 63 (1.2) 3.98 (1.99-7.98) a 1.65 (0.96-2.85) 3.10 (1.72-5.56) a 2.90 (1.65-5.10) a

Men

hs-CRP <1 mg/L (ref.) 717 (22.6) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,468 (46.3) 1.16 (0.96-1.41) 1.08 (0.87-1.35) 1.04 (0.85-1.28) 1.11 (0.90-1.36)

hs-CRP 3-10 mg/L 864 (27.2) 1.36 (1.09-1.69) 1.32 (1.04-1.68) 1.19 (0.95-1.50) 1.30 (1.04-1.63)

hs-CRP >10 mg/L 124 (3.9) 1.33 (0.87-2.03) 1.33 (0.85-2.09) 1.38 (0.91-2.11) 1.56 (1.03-2.36)

Women

hs-CRP <1 mg/L (ref.) 502 (9.9) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,621 (32.0) 1.15 (0.92-1.45) 1.18 (0.93-1.49) 1.26 (1.00-1.57) 1.17 (0.92-1.48)

hs-CRP 3-10 mg/L 2,337 (46.1) 1.47 (1.18-1.83) b 1.19 (0.95-1.50) 1.28 (1.03-1.60) 1.52 (1.21-1.91) a

hs-CRP >10 mg/L 612 (12.1) 1.98 (1.51-2.61) a 1.60 (1.21-2.11) b 1.62 (1.23-2.12) a 1.70 (1.29-2.24) a
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table S2. Adjusted odds ratios (95% confidence intervals) for having a poor score on each domain of 
HR-QoL, according to obesity grade with/without T2D, and hs-CRP. (continued)

Number of 
subjects (%)

Vitality Social Functioning Role limitations 
Emotional 
problems

Mental Health

Men

Obesity grade 1 - no T2D (ref.) 2,437 (76.8) 1.0 1.0 1.0 1.0

Obesity grade 1 - T2D 212 (6.7) 1.48 (1.06-2.07) 1.64 (1.18-2.29) 1.47 (0.98-2.19) 1.51 (1.07-2.13)

Obesity grade 2 - no T2D 359 (11.3) 1.38 (1.07-1.77) 1.03 (0.79-1.35) 0.98 (0.71-1.37) 1.12 (0.86-1.47)

Obesity grade 2 - T2D 67 (2.1) 1.61 (0.94-2.75) 1.08 (0.60-1.92) 1.07 (0.53-2.14) 1.56 (0.89-2.75)

Obesity grade 3 - no T2D 76 (2.4) 1.78 (1.08-2.94) 1.70 (1.01-2.86) 0.99 (0.49-1.99) 1.13 (0.64-1.99)

Obesity grade 3 - T2D 22 (0.7) 3.23 (1.30-8.06) a 1.64 (0.65-4.16) 1.41 (0.48-4.10) 0.79 (0.28-2.29)

Women

Obesity grade 1 - no T2D (ref.) 3,333 (65.7) 1.0 1.0 1.0 1.0

Obesity grade 1 - T2D 179 (3.5) 1.73 (1.23-2.44) b 1.46 (1.01-2.12) 1.44 (0.98-2.10) 1.65 (1.16-2.35)

Obesity grade 2 - no T2D 1,053 (20.8) 1.09 (0.92-1.28) 1.08 (0.90-1.29) 0.98 (0.81-1.19) 1.08 (0.91-1.28)

Obesity grade 2 - T2D 95 (1.9) 1.40 (0.88-2.24) 1.43 (0.87-2.33) 1.12 (0.67-1.89) 1.46 (0.91-2.36)

Obesity grade 3 - no T2D 349 (6.9) 1.13 (0.88-1.46) 1.30 (0.99-1.71) 1.51 (1.15-1.99) 1.20 (0.92-1.56)

Obesity grade 3 - T2D 63 (1.2) 1.52 (0.87-2.65) 1.36 (0.75-2.44) 1.65 (0.92-2.95) 1.42 (0.81-2.52)

Men

hs-CRP <1 mg/L (ref.) 717 (22.6) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,468 (46.3) 0.87 (0.71-1.08) 0.83 (0.67-1.04) 0.75 (0.57-1.00) 0.96 (0.76-1.21)

hs-CRP 3-10 mg/L 864 (27.2) 1.08 (0.85-1.36) 1.22 (0.95-1.55) 1.22 (0.91-1.63) 1.14 (0.88-1.46)

hs-CRP >10 mg/L 124 (3.9) 1.29 (0.84-1.98) 1.12 (0.71-1.77) 1.17 (0.67-2.03) 1.28 (0.80-2.03)

Women

hs-CRP <1 mg/L (ref.) 502 (9.9) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,621 (32.0) 1.19 (0.93-1.53) 1.37 (1.04-1.81) 1.32 (0.99-1.76) 1.17 (0.91-1.50)

hs-CRP 3-10 mg/L 2,337 (46.1) 1.42 (1.11-1.80) 1.51 (1.15-1.97) 1.49 (1.13-1.97) 1.32 (1.04-1.69)

hs-CRP >10 mg/L 612 (12.1) 1.72 (1.29-2.29) a 1.72 (1.25-2.37) b 1.29 (0.91-1.81) 1.31 (0.98-1.78)

Adjusted for age and the following morbidities: Pulmonary; Cancer; CVD; Head; Gastrointestinal & Liver; 
Kidney & Bladder; Neurological diseases; Blood disorders; Musculoskeletal diseases; Dermatological dis-
eases and Mental disorders. Ref.: reference. Odds ratios in bold indicate P <0.005; aP <0.001; and bP <0.002.
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table S3. Adjusted odds ratios (95% confidence intervals) for having a poor score on each domain of HR-
QoL, according to MetS and hs-CRP.

Number of subjects 
(%)

Physical 
Functioning

Role limitations 
Physical health

Bodily Pain General Health

Men

No MetS (ref.) 2,654 (83.6) 1.0 1.0 1.0 1.0

MetS 519 (16.4) 1.22 (0.99-1.51) 1.05 (0.84-1.32) 1.11 (0.90-1.37) 1.26 (1.03-1.56)

Women

No MetS (ref.) 3,356 (66.2) 1.0 1.0 1.0 1.0

MetS 1,716 (33.8) 1.09 (0.95-1.25) 1.16 (1.01-1.33) 1.11 (0.99-1.01) 1.30 (1.13-1.49) a

Men

hs-CRP <1 mg/L (ref.) 717 (22.6) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,468 (46.3) 1.12 (0.92-1.36) 1.08 (0.86-1.35) 1.03 (0.84-1.26) 1.08 (0.88-1.32)

hs-CRP 3-10 mg/L 864 (27.2) 1.29 (1.03-1.61) 1.31 (1.02-1.67) 1.18 (0.94-1.48) 1.25 (1.00-1.57)

hs-CRP >10 mg/L 124 (3.9) 1.27 (0.83-1.94) 1.34 (0.85-2.10) 1.36 (0.89-2.07) 1.53 (1.01-2.32)

Women

hs-CRP <1 mg/L (ref.) 502 (9.9) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,621 (32.0) 1.12 (0.90-1.41) 1.16 (0.92-1.46) 1.23 (0.98-1.55) 1.14 (0.90-1.45)

hs-CRP 3-10 mg/L 2,337 (46.1) 1.41 (1.13-1.75) 1.16 (0.92-1.45) 1.24 (0.99-1.54) 1.47 (1.17-1.84) b

hs-CRP >10 mg/L 612 (12.1) 1.85 (1.40-2.43) a 1.53 (1.16-2.03) 1.55 (1.18-2.04) b 1.61 (1.22-2.13) b

Number of subjects 
(%)

Vitality Social Functioning Role limitations 
Emotional 
problems

Mental Health

Men

No MetS (ref.) 2,654 (83.6) 1.0 1.0 1.0 1.0

MetS 519 (16.4) 1.26 (1.01-1.57) 1.21 (0.96-1.52) 1.24 (0.94-1.64) 1.10 (0.87-1.40)

Women

No MetS (ref.) 3,356 (66.2) 1.0 1.0 1.0 1.0

MetS 1,716 (33.8) 1.28 (1.11-1.47) b 1.27 (1.09-1.49) 1.22 (0.99-1.01) a 1.19 (1.02-1.38)

Men

hs-CRP <1 mg/L (ref.) 717 (22.6) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,468 (46.3) 0.85 (0.69-1.06) 0.81 (0.64-1.01) 0.74 (0.56-0.99) 0.94 (0.75-1.19)

hs-CRP 3-10 mg/L 864 (27.2) 1.05 (0.83-1.33) 1.17 (0.92-1.49) 1.21 (0.90-1.62) 1.11 (0.86-1.43)

hs-CRP >10 mg/L 124 (3.9) 1.28 (0.83-1.97) 1.09 (0.69-1.72) 1.17 (0.67-2.04) 1.27 (0.80-2.03)

Women

hs-CRP <1 mg/L (ref.) 502 (9.9) 1.0 1.0 1.0 1.0

hs-CRP 1-3 mg/L 1,621 (32.0) 1.18 (0.92-1.51) 1.36 (1.03-1.79) 1.31 (0.98-1.74) 1.16 (0.90-1.50)

hs-CRP 3-10 mg/L 2,337 (46.1) 1.38 (1.09-1.76) 1.47 (1.13-1.93) 1.45 (1.10-1.92) 1.32 (1.03-1.69)

hs-CRP >10 mg/L 612 (12.1) 1.66 (1.24-2.22) b 1.66 (1.20-2.29) 1.25 (0.89-1.77) 1.31 (0.97-1.77)

Adjusted for age, BMI and the following morbidities: Pulmonary; Cancer; CVD; Head; Gastrointestinal & Liv-
er; Kidney & Bladder; Neurological diseases; Blood disorders; Musculoskeletal diseases; Dermatological dis-
eases and Mental disorders. Ref.: reference. Odds ratios in bold indicate P <0.005; aP <0.001; and bP <0.002.




