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Abstract
Psychological factors and stressful life events (LE) are considered to play a role in the onset of the metabolic syndrome (MS).
We tested the association between LE and cortisol, a marker of chronic stress, with the risk of developing MS and their
interaction. From a total number of 2906 men who completed a screening for the early detection of prostate cancer, 149
healthy men (mean ^ SD age, 58.6 ^ 7.7 years) were included in this study. Participants were assessed by the Holmes and
Rahe questionnaire about their experience of LE during the previous 1–5 years. MS was diagnosed according to National
Cholesterol Education Program-Adult Treatment Panel III (ATP-III) and International Diabetes Federation (IDF) criteria.
Serum cortisol was measured at 08:00–09:00 h. Participants with MS (IDF criteria) reported significantly more past LE
( p ¼ 0.009) and greater summed weight of LE ( p ¼ 0.049) than those without MS. Furthermore, LE interacted with cortisol
in relation to MS: in men with increased serum cortisol levels ($13.7mg/dl), number of LE significantly predicted MS-status
(relative risk (RR) ¼ 1.16, p ¼ 0.03), whereas in men with low cortisol, LE were unrelated to MS ( p ¼ 0.52). We conclude
that LE were significantly more prevalent in men with the MS than without the MS, according to IDF criteria, independent of
the effects of age and body mass index, especially in men with increased serum cortisol levels.
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Introduction

Metabolic syndrome (MS) is a condition character-

ized by several related metabolic and cardiovascular

abnormalities, including visceral obesity, insulin-

resistance, hypertension, altered lipoprotein and

inflammatory profiles, specific neuroendocrine

derangements with elevated levels of “stress” hor-

mones (Rosmond and Björntorp 2000), including

cortisol (Weigensberg et al. 2008).

The underlying causes of MS are uncertain.

However, since changes in life-style (e.g. sedentary

behavior and psychosocial stress) have been associated

with MS, it has been suggested that MS is a life-style-

induced phenomenon (Van Dijk and Buwalda, 2008).

The Whitehall II study (Brunner et al. 1997) showed

that there is a close relationship between lower social

position (which reflects chronic psychosocial stress)

and increased probability of developing MS. Further-

more, direct evidence that psychological factors may

play a role in the development of MS is increasing

(Chandola et al. 2006). A few prospective studies have

found that life events (LE), including divorce or

widowhood, predicted the onset of MS (Troxel et al.

2005; Räikkönen et al. 2007). Particular personality

factors are also associated with MS, acting in synergism

with stress hormones. For example, hostility is related

to insulin resistance, a major element of MS, only

in people with elevated circulating norepinephrine

concentration (Zhang et al. 2006). Hostility is also

associated with MS and systemic inflammation in
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women (Elovainio et al. 2011). These findings may

explain the association between hostility and coronary

heart disease, one important consequence of MS.

Epidemiological studies reported that MS was more

prevalent among individuals under psychosocial

pressure or chronic stress (Brunner et al. 2002; Van

Dijk and Buwalda 2008).

One major arm of the stress response is

the hypothalamic–pituitary–adrenal (HPA) axis

(Stratakis and Chrousos 1995). Some authors

hypothesize that its end-product, namely cortisol,

is etiological to MS (Anagnostis et al. 2009).

Elevated cortisol secretion was found to be associated

with abdominal obesity (Björntorp and Rosmond

2000), a main component of MS. It seems

reasonable to assume that this type of obesity is

centrally driven by HPA axis hyperactivity in

combination with a perturbed feedback control of

the HPA axis (Björntorp and Rosmond 2000).

Cortisol may also play a role in other components

of MS, such as hypertension and lipoprotein altera-

tions (Schoorlemmer et al. 2009). Walker (2006)

reported evidence that the HPA axis is “activated” in

MS and that plasma cortisol is elevated in subjects

with relative glucose intolerance, hypertension, insulin

resistance, and hypertriglyceridemia, all elements of

MS. However, in obesity the metabolic clearance rate

of cortisol is increased, tending to lower plasma

cortisol concentration, thus potentially obscuring

positive association between plasma cortisol and

other features of MS.

The HPA axis may react in extremes with

hyperactivity in some individuals or conditions (e.g.

hostility, acute stress, and depression; Tafet and

Smolovich 2004), or hypoactivity in others (e.g.

burnout, atypical depression, and posttraumatic stress

disorder; Stratakis and Chrousos 1995; Bellingrath

et al. 2008). Furthermore, HPA activity, either basal

or stress induced, may interact with stressful LE in

predicting the risk of metabolic abnormalities or

disease. Recently, Gidron et al. (2011) have found that

cortisol interacted with LE in relation to prostate-

specific antigen (PSAt), where LE were inversely

correlated with PSAt levels in men with serum cortisol

levels below the median, while LE were positively

correlated with PSAt in men with high serum cortisol

levels. Similarly, a synergistic interaction between

depression and cortisol in relation to MS has been

observed (Vogelzangs et al. 2007). Thus, several

studies show that stress and LE increase the risk of

MS, and that psychological factors may interact with

stress hormones in relation to such health end-points.

It remains unclear whether the role of LE in MS

depends on and is modified by HPA activity. The aim

of this study was to test the hypotheses that there is a

relationship between LE, cortisol, and MS, and that

the interaction between LE and cortisol is related

to the diagnosis of MS.

Materials and methods

Participants and design

A total of 2906 men (aged 45–70 years) completed an

evaluation for prostatic diseases, at the Urology

Division, Hospital de Clı́nicas “José de San Martı́n”,

University of Buenos Aires, in May 2009, in the

context of a population screening for the early

detection of prostate cancer. For this study, a

subsample was selected among men who were

assessed between 08:00 and.09:00 h and who fulfilled

all the inclusion and exclusion criteria (see below).

In these men, additional measures of both LE and

cortisol were included. Participants with the prostate

cancer, under hormonal therapy and those with

diseases that affect the HPA axis, men younger than

45 years or older than 70 years, with an alcohol intake

.20 g/day, recent history of acute illness, or on

medication which could modify lipid levels were

excluded. This resulted in a subsample of 149 men

with a mean (SD) age of 58.6 (7.7) years, which did

not differ on age, body mass index (BMI), and clinical

and social characteristics from the total group of

men. The study used a cross-sectional design. All

participants gave their written informed consent and

the original screening study protocol was approved

by the Ethics Committee of the hospital; the study

was carried out in accordance with the Helsinki

Declaration.

Measures

Background and biometrics: These included age,

BMI, waist circumference, and blood pressure. In

order to calculate the BMI, body weight and height

were obtained for each patient. Waist circumference

was measured at the level midway between the lateral

lower rib margin and the superior anterior iliac crest,

in a standing position and always by the same

investigator. Blood pressure was registered in sitting

position, after 5-min resting. The sphygmomanometer

was applied to the left and right arm, and a median of

the values obtained was calculated. A thorough

medical examination was carried out in order to

record general health, medical disorders, life-style,

smoking, educational level, and marital status.

Biological tests: After 12 h fasting, blood samples

(10 ml each) were obtained from peripheral vein

puncture following a 15-min rest. Serum samples were

separated by centrifugation at 1500g for 5 min;

glucose was measured within the same day. For lipid

and lipoprotein determinations, serum was kept at

48C until processing, within 48 h. A serum aliquot

was stored at 2708C for cortisol measurement.

As mentioned above, cortisol was measured in

samples obtained between 08:00 and 09:00 h, taking

account of the circadian rhythm of secretion of this

hormone. Separated sera were aliquoted and stored

Life events and metabolic syndrome 17



at 2708C until processing. Total serum PSAt and

cortisol were determined by chemoluminescent

methods (Immulite Autoanalyzer, Siemens, LA,

USA). The intra-assay (CVi) and inter-assay (CVe)

variation coefficients for PSAt were ,3.2% and

,4.4% respectively, and those for cortisol were

,5.0% and ,9.7%, respectively; assay sensitivity

was 0.01 ng/ml for PSAt, and 1mg/dl for cortisol.

Serum triglycerides, total cholesterol, high-density

lipoprotein (HDL)-cholesterol and glucose were

measured in a Hitachi 917 autoanalyzer by enzymatic

colorimetric methods (Roche Diagnostics GmbH,

Mannheim, Germany). CVi and CVe were 1.3% and

2.4% (triglycerides), 1.1% and 2.2% (cholesterol),

1.5% and 2.6% (HDL-cholesterol), and 1.1% and

2.2% (glucose), respectively; assay sensitivity was

10 mg/dl for total cholesterol, HDL-cholesterol, and

triglycerides, and 20 mg/dl for glucose. We also

calculated the ratio of TG/HDL-cholesterol, which

is considered a surrogate marker of insulin resistance,

and a component of the allostatic load concept

(Seeman et al. 1997).

MS diagnosis: MS was diagnosed according to the

National Cholesterol Education Program (NCEP),

Adult Treatment Panel-III (ATP III) (2001), and the

International Diabetes Federation (IDF) criteria

(Alberti et al. 2006). Patients were classified as having

MS, according to ATP-III, if they met three or more of

the following criteria: waist circumference .102 cm,

triglycerides $150 mg/dl (1.7 mmol/l), HDL-choles-

terol ,40 mg/dl (1.03 mmol/l), systolic and/or dias-

tolic blood pressure $130/85 mmHg, and impaired

fasting serum glucose concentration $110 mg/dl

(6.1 mmol/l). Using the IDF definition, patients were

classified as having MS if they presented with waist

circumference .94 cm plus two of the following

criteria: serum triglycerides $150 mg/dl (1.7 mmol/l),

HDL-cholesterol ,40 mg/dl (1.03 mmol/l), and

impaired fasting serum glucose concentration

$100 mg/dl (5.6 mmol/l), and systolic and/or diastolic

blood pressure $130/85 mmHg. Hence, the study

population was divided into two groups, with and

without MS, using two sets of criteria.

Life events: These were assessed using the Holmes

and Rahe (1967) schedule of readjustment scale

which was self-administered. This included 40 items,

where men indicated which event they experienced

during the past 1–5 years. Two LE indices were

derived as the total number of LE experienced by a

participant, and the total weight of LE each

participant had selected. The weights reflected their

mean degree of stressfulness as perceived by the

participants: in the development of this scale for large

samples, Grant et al. (1978) found that both types

of score have similar correlations with a criterion of

psychiatric symptoms.

Statistical analysis

We first tested the distribution of variables, and then

performed transformations to normalize the data

using normality tests (kurtosis and skewness). Thus,

some results are presented as log-transformed

data. As MS was a categorical variable, its bivariate

relationship with continuous variables was tested

using t-tests, and its relationship with categorical

variables was tested using x 2 tests. We then tested with

a multiple logistic regression, whether LE, cortisol,

and the LE £ cortisol interaction predicted MS status,

controlling for necessary confounders. In this analysis,

LE, cortisol concentrations, and the LE £ cortisol

interaction across the entire sample and confounders

were the independent variables, and MS was the

dichotomous-dependent variable. Concentrations of

PSAt were considered as well, since in a previous study

on the same population, we observed a cortisol £ LE

interaction in relation to PSAt (Gidron et al. 2011)

and PSAt is associated with markers of MS (Grosman

et al. 2010). We then divided the sample at the median

cortisol concentration into men with cortisol concen-

tration above and below the median. A multivariate

analysis was then done, at each level of cortisol

separately, testing whether LE correlated with MS,

independent of other factors related to MS, as shown

below. Data are presented as mean ^ SD.

Results

Table I depicts the general characteristics of the entire

sample of men. The mean age was slightly below 60

years; overall the men were moderately overweight and

reported a mean of five LE, 12.8% were smokers and

approximately half the sample had hypertension.

Using the IDF classification for MS, 54.4% had MS,

and according to the ATP criteria this percentage was

reduced to 37.6%.

Table II presents scores of participants with and

without MS, using the IDF classification, on the main

Table I. General characteristics of the entire sample of men

(N ¼ 149).

Variable Mean SD

Age (years) 58.6 7.7

BMI (kg/m2) 27.7 4.1

Serum glucose (mg/dl) 108.0 29.4

Serum cortisol (mg/dl) 13.7 4.5

Serum TG/HDL-cholesterol 4.2 3.1

LE, number 5.4 4.0

LE, summed weight 240.8 186.2

Note: SD, standard deviation; BMI, body mass index; TG/HDL-

cholesterol, triglycerides/high-density lipoprotein cholesterol ratio;

LE, life events. Normal ranges: BMI 18.5–24.9 kg/m2; serum

glucose 70–100 mg/dl; serum cortisol 5–25mg/dl; serum TG/HDL-

cholesterol ,3.0.

B. Fabre et al.18



continuous and categorical study variables. Of all

variables, beyond the expected significant differences

in the MS components, participants with MS reported

significantly more past LE (t(141) ¼ 2.6, p ¼ 0.009)

and a greater summed weight of LE (t(141) ¼ 1.98,

p ¼ 0.049) than those without MS. Serum concen-

tration of cortisol was similar between groups.

Concerning categorical variables, participants with

MS were not significantly different from those

without MS for distribution of smokers, education

level, or marital status ( p . 0.05). With regard to

socioeconomic status, 80.5% were employed,

7% unemployed, and 12.5% retired, without

significant differences between groups. Even though

there were no differences in age and BMI between

groups, in subsequent analyses we statistically

controlled for age and BMI, to be more rigorous.

Table III depicts a logistic multivariate regression,

whereby age, BMI, serum cortisol concentration, and

number of LE were independent variables and MS-

status was the dependent variable. In this analysis,

only number of LE significantly differentiated

between participants with and without MS. We then

tested whether LE correlated with components of the

MS. Among the components of MS, waist circum-

ference and hypertension were related to number of

LE (r ¼ 0.160, p ¼ 0.05; r ¼ 0.168, p ¼ 0.04, respect-

ively) and hypertension also significantly correlated

with summed weight of LE (r ¼ 0.174, p ¼ 0.037). All

other MS components were unrelated to LE

( p . 0.05). We then also tested relationships between

cortisol and the MS components. Of all five

components, serum cortisol concentration showed a

significant positive correlation with glucose concen-

trations (r ¼ 0.27, p ¼ 0.001), but cortisol was

unrelated to hypertension, HDL-cholesterol and

triglyceride concentrations, or to waist circumference

(all p . 0.05).

We then tested whether LE interacted with cortisol

in relation to MS, using a multiple logistic regression.

We entered age, BMI, LE, cortisol, and the LE £

cortisol interaction term. This interaction was not

significant ( p ¼ 0.10), however, when analyzing men

with serum cortisol values below the median

(13.7mg/dl), LE were unrelated to MS ( p ¼ 0.52,

RR ¼ 1.04, 95% confidence interval [CI] ¼ 0.92–

1.18). In contrast, in men with cortisol values above

the median, number of LE was significantly related to

MS ( p ¼ 0.03, RR ¼ 1.16, 95% CI: 1.01–1.33;

p ¼ 0.03) (Figure 1). In both cases, these findings

were present after controlling for age and BMI. These

analyses were repeated with further adjustment for

PSAt concentration, to determine the reliability of

these interactions beyond the effects of PSAt. When

PSAt was included, the LE £ cortisol interaction

became closer to significant ( p ¼ 0.065). However,

LE remained a significant predictor of MS in men

with high ( p ¼ 0.05) cortisol concentration, but not

in men with low cortisol ( p ¼ 0.834). Thus, the

Table II. Scores of participants with and without MS, using the

IDF classification, on the main continuous and categorical study

variables.

Variable

Without MS

(n ¼ 66)

With MS
1

(n ¼ 83)

Age (years)

mean ^ SD 58.7 ^ 8.1 58.4 ^ 7.5

BMI (kg/m2)

mean ^ SD 27.5 ^ 4.0 27.8 ^ 4.2

Waist circumference (cm)

mean ^ SD 97.1 ^ 1.5 102.4 ^ 10.0*
Serum HDL-cholesterol (mg/dl)

mean ^ SD 48.2 ^ 19.0 43.0 ^ 10.5*
Serum Triglycerides (mg/dl)

mean ^ SD 148.9 ^ 70.9 179.4 ^ 98.5*
Serum glucose (mg/dl)

mean ^ SD 102.2 ^ 22.8 112.6 ^ 33.1*
Hypertension, n (%) 22 (26%) 55 (87%)*
Serum cortisol (mg/dl)

Median (range) 13.3(5.9–29.4) 13.7(5.7–23.6)

Serum TG/HDL-cholesterol

mean ^ SD 3.6 ^ 2.4 4.6 ^ 3.6†

Lg_LE number

Mean ^ SD 0.6 ^ 0.3 0.7 ^ 0.3‡

Lg_LE weight sum

Mean ^ SD 2.2 ^ 0.3 2.3 ^ 0.4*
Education level, n (%)

1-Primary/Secondary

School 58 (87.9) 75 (91.5)

2-University Degree 8 (12.1) 7 (8.5)

Marital status, n (%)

1-Married 33 (50) 51 (62.2)

2-Divorced 14 (21.2) 15 (18.3)

3-Unmarried 16 (24.2) 12 (14.6)

4-Widower 3 (4.5) 4 (4.9)

Smoking, n (%)

1-No (never) 58 (87.9) 69 (86.2)

2-Yes 8 (12.1) 11 (13.8)

Note: SD ¼ standard deviation; BMI ¼ body mass index;

TG/HDL-cholesterol ¼ triglycerides/high-density lipoprotein

cholesterol ratio; Lg_LE ¼ Log-transformed LE. *p , 0.03;
†p , 0.049; ‡p , 0.009. Continuous variables were compared using

t-tests, and relationships with categorical variables were tested using

x 2 tests. Normal ranges: BMI 18.5–24.9 kg/m2; waist circumfer-

ence ,90 cm*; serum HDL-cholesterol .40 mg/dl*; serum TG

,150 mg/dl*; serum glucose 70–100 mg/dl*; Blood pressure

130/85 mmHg*; serum cortisol 5–25mg/dl; serum TG/HDL-

cholesterol ,3.0.; 1 According to International Diabetes Federation

(IDF) Metabolic Syndrome criteria.

Table III. Multivariate logistic regression, with main variables

predicting MS.

Variable B Significance, p RR 95%CI

Age 0.02 0.49 1.02 0.96–1.09

BMI 0.04 0.37 1.04 0.95–1.14

Cortisol 20.01 0.89 0.99 0.92–1.08

LE, number 0.09 0.04 1.10 1.00–1.20

Note: RR ¼ relative risk; 95%CI ¼ 95% confidence interval;

BMI ¼ body mass index; LE ¼ life events.

Life events and metabolic syndrome 19



pattern of relations remained similar, when consider-

ing PSAt as well.

When the participants were classified according

to ATP-III criteria, no differences in summed weight

of LE or number of LE were observed between

participants with and without MS.

Discussion

This study found that LE were significantly more

prevalent in men with the than without MS, according

to IDF criteria, independent of the effects of age and

BMI. However, this relationship was subsequently

found only in men with elevated serum cortisol

concentrations. Hence, LE permissively interacted

with cortisol in relation to MS. No other factor among

the background or biometric factors (e.g. age and

BMI) was associated with MS status. Furthermore,

when examining the components of MS, number of

LE was only related to hypertension and waist

circumference, while summed weight of LE correlated

with hypertension alone, but not with other MS

components. Finally, serum cortisol concentration

was related only to glucose concentration, and not

to other MS components.

Patients with MS are at twice the risk of developing

cardiovascular disease (CVD) over the next 5–10

years than individuals without the syndrome (Alberti

et al. 2009). Stress at work has been linked to CVD

in retrospective and prospective studies (Marmot

et al. 1997; Rosengren et al. 2004; van Vegchel et al.

2005). The relationship between psychosocial stress

and CVD has been identified as an important public

health issue (Brotman et al. 2007) and although

this association is well established, the inter-

mediate mechanisms are yet to be fully elucidated.

The INTERHEART Study (Rosengren et al. 2004)

investigated the effects of chronic stressors on the

incidence of myocardial infarction in a sample of

25,000 people from 52 countries. After adjusting for

age, gender, geographic region, and smoking, those

who reported “permanent stress” at work or at home

had a 2.1-fold increased risk for developing a

myocardial infarction. The impact of psychosocial

factors on MS could be an intermediate step toward

their effect on CVD, due to the role of MS in CVD

risk. Researchers have attempted to understand the

effects of psychosocial stress on physiological

mediators and on components of MS (Van Dijk and

Buwalda, 2008). MS was found to be more prevalent

among individuals under psychosocial pressure or

chronic stress. In a prospective study, Chandola et al

(2006) observed that men with chronic work stress

were nearly twice as likely to develop MS as those with

no exposure to work stress, and adjusting for health

behaviors and obesity did not change the dose–

response association. In a study on women, baseline

stress predicted the development of MS over a 15-year

follow-up (Räikkönen et al. 2007). In this study,

we evaluated stress through the report of LE in the

last 1–5 years; we observed that those individuals

with MS presented a higher number and a higher

summed weight of LE. No differences were observed

in life-style or demographic factors (smoking habit,

educational level, marital status, and socioeconomic

status) between individuals with and without MS,

and after controlling for age, BMI, and PSAt, our

results concerning LE and MS remained significant.

Among the components of MS, LE number correlated

with waist circumference and hypertension, whereas

summed weight of LE only correlated with

hypertension.

Studies on monkeys have shown that early-life

stress is associated with increased abdominal obesity

and insulin resistance (Shively et al. 2009). Previous

studies on men have shown that high job strain is a risk

factor for increased abdominal obesity, independently

of BMI (Ishizaki et al. 2008) and that psychosocial

stress correlates with waist circumference (Anand

et al. 2008). Furthermore, symptoms of anxiety

and depression (Jonas et al. 1997), as well as hostility

(Yan et al. 2003) and chronic stress (Sparrenberger

et al. 2009) have been associated with incidence of

hypertension in previously normotensive persons.

Some studies have examined the effects of chronic

stressors, such as war time, on blood pressure (Sparén

et al. 2004). In addition, both low social support

and low hedonistic response have been associated

with elevated stress hormone reactivity in systemic

hypertension (Wirtz et al. 2006), implying a

relationship between chronic stress, stress hormones,

and hypertension. These studies support those

observed in the present one in which LE correlated

with hypertension and waist circumference, which are

two components of MS.
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Figure 1. Relationship between MS, cortisol, and LE. Data are

mean ^ SD. Low cortisol: men with serum cortisol concentration

,13.7mg/dl. High cortisol: men with cortisol $13.7mg/dl.

Multivariate analysis was done, for each level of cortisol

separately, testing whether LE correlated with MS, independent

of other factors related to MS: p ¼ 0.03 in High cortisol group,

MS vs. no-MS.
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We evaluated the effects of cortisol on MS and its

components. No differences were observed in serum

cortisol concentration between men with and without

MS; however, a significant association between serum

cortisol and glucose concentrations was observed.

Cortisol evidently plays a role in adiposity in MS, and

an increase in urinary-free cortisol excretion has been

reported in patients with MS (Anagnostis et al. 2009).

The relationship between fasting hyperglycemia and

cortisol reflects glucocorticoid effects on hepatic

gluconeogenesis and insulin secretion (Anagnostis

et al. 2009). Our results are in part in accordance with

those of some researchers who reported no

relationship between cortisol and waist circumference,

TG or HDL-cholesterol levels (Weigensberg et al.

2008). These findings indicate that cortisol may be

relevant to certain individual components of MS, but

not to others, and that this relationship is not due to

insulin resistance. Nevertheless, the link between

obesity and cortisol levels remains a subject of debate.

It must be taken into account that in clinical obesity

there are alterations in cortisol metabolism, and

enhanced local conversion of cortisone to cortisol via

11-b hydroxysteroid dehydrogenase type 1 in the

adipose tissue may contribute to the development of

MS (Sun et al. 2008). However, higher early morning

plasma cortisol levels have been correlated with degree

of coronary artery disease on angiograms in some

studies (Koertge et al. 2002) but not others (Reynolds

et al. 2010), with coronary artery disease being an

important consequent of MS.

Given that the HPA axis may react at times with

hyper- or hypoactivity, we divided the participants at

the median of our observed cortisol levels (median

cortisol ¼ 13.7mg/dl), which resembles means of

samples in past studies of serum cortisol (Tomei

et al. 2003; Gidron et al. 2011). As mentioned above,

in this study, cortisol alone was not different between

men with and without MS. It is possible that both

environmental factors (e.g. LE) and biological

vulnerability (e.g. HPA hyper-/hypoactivity) may be

needed to induce metabolic alterations. In addition, it

is possible that cortisol is related to MS risk in a more

complex manner than initially considered. Our results

indeed support a permissive interaction between LE

and cortisol in relation to MS: hence, only in men with

cortisol values above the median, LE predicted MS

status, while this was not seen in men with cortisol

values below the median. These results point to the

possibility that the HPA axis may moderate the

relationship between LE and health outcomes, similar

to findings of Gidron et al. (2011) concerning PSA.

We did not have any evidence for cortisol to mediate

the LE–MS link as cortisol was unrelated to MS.

Thus, our results indicate that cortisol moderates the

LE–MS relationship, which is limited to and more

pronounced in men with higher cortisol levels.

One of the conflicting points of our results is that LE

correlated with MS according to the IDF definition

alone. Despite the increasing prevalence of MS

worldwide, there is still a lack of uniformly accepted

diagnostic criteria. Although the most widely applied

definition is based on the NCEP-ATP-III criteria

(Adult Treatment Panel III 2001), in this study we

also used the definition of the IDF (Alberti et al. 2006)

with more strict criteria to identify individuals at high

risk and with the sine qua non condition of increased

waist circumference, even though the IDF recently

agreed that central obesity should not be an obligatory

component (Alberti et al. 2009). The observation that

the IDF, but not the NCEP-ATP-III definition of MS,

was associated with LE may be explained by the fact

that only the IDF definition has abdominal obesity as

an obligatory MS criterion, and the lower cutoffs used

by the IDF result in more people meeting the MS

criteria. This may have provided greater statistical

power to detect significant LE–MS relationships.

In addition, the observation that LE were related to

waist circumference, which is pivotal to the IDF

definition of MS, may also partly explain why LE

correlated with IDF-based MS and not with the ATP-

based MS diagnosis. Supporting this observation,

Elovainio et al. (2011) have recently found associ-

ations between hostility and MS among women using

the IDF definition, but not with others.

Another limitation of this study is its cross-sectional

design, which prohibits any conclusions concerning

the direction of relationships between LE and MS,

unlike a longitudinal design. In addition, the use of the

Holmes and Rahe questionnaire did not enable us to

examine the subjective appraisal of LE by the

participants, which could have potentially added

predictive value beyond the mere number of LE or

population-based weight of LE. Finally, only one

single measure of morning serum cortisol concen-

tration was obtained, which is not the optimal way to

evaluate links between HPA activity and MS. Never-

theless, it is a valid and feasible approach for screening

studies and has been previously applied (Weigensberg

et al. 2008). Should these results be replicated in

future studies, they call for allocating stress manage-

ment interventions to people who have both high LE

and cortisol, to examine whether such interventions

prevent or ameliorate MS. This can be the next stage

of research in future studies.

Finally, we conclude that LE were significantly

more prevalent in men with MS than without MS,

according to IDF criteria, independent of the effects of

age and BMI, particularly and only in men with

increased serum cortisol levels.
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