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Metabolic syndrome is associated with self-perceived depression
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Abstract
Objective. To study the association between metabolic syndrome (MetS) and self-perceived depression. Design. A cross-
sectional community-based study. Setting. Semi-rural community of Lapinlahti in eastern Finland in 2005. Subjects. A total
of 416 subjects in eight adult birth cohorts (55%) with complete Beck Depression Inventory (BDI-21) questionnaire data.
Main outcome measures. The values of the 21 BDI items and the BDI-21 total score with a cut-off point of 14/15 were used to
study the association between MetS and depression. National Cholesterol Education Programme (NCEP) 2005 criteria
were used for MetS classification. Results. The total BDI-21 score was significantly higher in the subjects with MetS than in
the subjects without MetS (p�0.020). Men with MetS were significantly worse off than men without MetS in the BDI-21
items of irritability (p�0.008), work inhibition (p�0.008), fatigability (p�0.037), weight loss (p�0.045), and loss of
libido (p�0.014), while women were only so on the item of loss of libido (p�0.007). In a logistic regression analysis using a
BDI-21 cut-off point of 14/15 adjusted for age, marital status, vocational education, and working status, significant
association was retained between perceived depression and elevated blood glucose among men (OR�1.697) and large waist
circumference among women (OR�1.066). Conclusion. Elevated plasma glucose in men and central obesity in women are
associated with self-perceived depression. This co-occurrence deserves attention in clinical practice.
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Depression is a chronic and recurrent disorder that

causes disability [1], morbidity [2,3], and increased

mortality [4]. Depressed subjects also seem to be at a

high risk of cardiovascular disease and diabetes

[2,3]. The pathogenesis of Metabolic Syndrome

(MetS) is complex and incompletely understood,

but the interaction between obesity, sedentary life-

style, and dietary as well as genetic factors is known

to contribute to its development [5]. MetS is

associated with a five- to ninefold increase in the

risk of type 2 diabetes mellitus and an increased risk

of cardiovascular diseases [6,7].

There is growing evidence of the co-occurrence of

depression and MetS, especially in the elderly

population [8]. The connection of depression, men-

tal disability, and psychological distress with insulin

resistance and metabolic syndrome has been the

focus of particular attention during the last few years

[9�11]. Recently, it has been shown in population-

based studies that psychosocial factors, anger, anxi-

ety, and tension may predict the risk for developing

the metabolic syndrome [12�15]. In a Finnish six-

year clinical follow-up study, the prevalence of MetS

in depressive outpatients was 36% using the NCEP

2001 criteria. The prevalence of MetS was highest in

the subgroup of patients who were diagnosed as still

having major depression [16].

Our purpose was to study the association between

self-perceived depression, metabolic syndrome, and

its components (large waist circumference, elevated

plasma glucose level, elevated blood pressure, low-

ered serum HDL-cholesterol level, and elevated

serum triglyceride level) by analysing Beck Depres-

sion Inventory (BDI-21) profiles and its total score

in an adult general population.
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Material and methods

Study population and procedure

The Lapinlahti 2005 study at the University of

Kuopio, Finland, involved all 760 adult Lapinlahti

residents in eastern Finland (10% of the total

population) born in 1939, 1944, 1949, 1954,

1959, 1964, 1969, and 1974. Altogether 594 sub-

jects responded satisfactorily to a postal question-

naire, and 480 (230 men and 250 women)

underwent a complete health survey including

anthropometric measurements, laboratory tests,

and an extensive questionnaire. The questionnaire

covered all the background variables used in this

article and a BDI-21 inventory. The participation

rate was higher among women than among men. It

was also higher among older than younger subjects

among both genders (Table I).

The BDI-21 questionnaire was sent to 405 sub-

jects after the health survey, while it was included in

the master health survey questionnaire of 75 sub-

jects. Of the 480 study participants in the health

survey, 442 (211 men and 231 women) filled in the

BDI-21 inventory [17]. Of these, 26 subjects with

incomplete data were excluded from the analysis

leaving a total of 416 subjects (55% of the age

cohorts) for the final analysis. The BDI-21 total

score was the sum score of the 21 separate BDI items

which contain four statements each, reflecting the

intensity of a particular item of mood. The respon-

dents selected the most appropriate statement of

each BDI-21 item. For the statistical analysis, these

statements were given numeric values (0�no symp-

toms, 1�mild symptoms, 2�moderate symptoms,

3�severe symptoms). The BDI-21 items are: mood,

pessimism, sense of failure, lack of satisfaction, guilty

feelings, sense of punishment, self-hate, self-accusa-

tion, self-punitive wishes, crying spells, irritability,

social withdrawal, indecisiveness, body image, work

inhibition, sleep disturbances, fatigability, loss of

appetite, weight loss, somatic preoccupation, and

loss of libido.

We used a BDI-21 cut-off point of 14/15 (total

score range 0�63) to categorize the study subjects as

perceived depressive (total score 15 or higher) or

non-depressive (total score 14 or lower) [18]. For

further analysis, we compared a BDI-21 total score

and level values of single items (range 0�3) between

the subjects with and without MetS. The Cronbach’s

alpha reliability coefficient of the BDI-21 in this

sample was 0.887.

We used the National Cholesterol Education

Programme (NCEP) 2005 criteria for MetS defini-

tion [19]. In a population study in the US, the

NCEP 2005 definition gave an unadjusted MetS

prevalence of 34% among men and 35% among

women, and led to slightly lower estimates of

prevalence in all demographic groups than did the

International Diabetes Federation (IDF) 2005 cri-

teria with the same population (40% among men

and 38% among women). However, the two defini-

tions similarly classified 93% of the participants as

having or not having MetS [20]. The prevalence

figures in the US are quite close to those found in a

Finnish population study [21].

MetS was defined from anthropometric measure-

ments and blood test results. The presence of at least

three of the five NCEP 2005 MetS criteria classified

the subject as having MetS. The criteria are as

follows: (1) fasting plasma glucose level of 5.6 mmol/

l or higher and/or use of diabetes medication or

previously diagnosed adult type diabetes, (2) serum

triglyceride level of 1.7 mmol/l or higher and/or

medication, (3) serum HDL-cholesterol level lower

than 1.0 mmol/l in men and lower than 1.3 mmol/l

in women and/or medication, (4) systolic blood

pressure of 130 mmHg or higher and/or diastolic

blood pressure of 85 mmHg or higher and/or use of

antihypertensive drug(s), (5) waist circumference

larger than 102 cm for men and larger than 88 cm

for women.

Weight was taken in light clothing and height was

measured in a standing position. Body mass index

(BMI) was calculated from the formula: weight/

height2. Waist circumference was measured at the

midpoint between the lowest rib and the iliac crest,

and blood pressure was taken in a sitting position at

five-minute intervals after 10 minutes of rest. For the

statistical analysis, we calculated the means of the

three measurements. Glucose level was tested from

capillary blood with a glucometer calibrated for

plasma glucose level, and other laboratory tests

were conducted from the serum of a venous blood

sample after 12 hours of fasting. All laboratory

There is growing evidence of the association

between metabolic syndrome (MetS) and de-

pression, but it is doubtful whether the associa-

tion is independent of other risk factors.

. Subjects with MetS are significantly worse

off than subjects without MetS on various

items of depression measured by Beck

Depression Inventory.

. Self-perceived depression is associated with

large waist circumference among women

and elevated plasma glucose among men

when adjusted for background variables.

. Frequent co-occurrence of MetS and de-

pression should be recognized in clinical

practice.
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investigations were performed according to the

routine protocol of the Kuopio University Hospital’s

medical laboratory.

Statistical analysis

SPSS 14.0 for Windows statistical software (SPSS

Inc., Chicago, IL) was used with a p-value of less

than 0.05 for statistically significant differences.

Genders were analysed separately based on earlier

literature reports [22] and marked differences in our

preliminary analyses. We used an independent

samples t-test to compare the BDI-21 total scores

and all the values of the 21 BDI items between

subjects with and without MetS. Furthermore, with

a multiple logistic regression analysis of the BDI-21

total score with a cut-off point of 14/15, we studied

the associations of perceived depression with MetS

status (absent vs. present) as well as its components

as continuous variables: waist circumference, fasting

plasma glucose, serum HDL-cholesterol, serum

triglyceride, systolic blood pressure, and diastolic

blood pressure. These were adjusted for the follow-

ing background variables: age (continuous variable),

marital status (married or cohabiting vs. single,

divorced, or widowed), vocational education (high

vocational education or university degree vs. low

vocational education or none), and employment

status (employed vs. unemployed or retired).

Ethical approval

The Ethics Committee of Kuopio University Hospi-

tal and the University of Kuopio approved the study.

All the study subjects gave written informed consent

before entering the study.

Results

Basic characteristics of the sample

We included in the report the results of the respon-

dents (n�416) who gave complete answers to all 21

items of the BDI questionnaire. MetS prevalence

was 37% (39% in men and 35% in women) among

the BDI-21 respondents (n�416), while it was 44%

(42% in men and 45% in women) among the BDI-

21 non-respondents and respondents with incom-

plete answers (n�64). The difference was not

statistically significant.

Table II summarizes the basic characteristics of

the 416 study subjects. The mean age of the subjects

with MetS was significantly higher than that of the

subjects without MetS (54 vs. 49 years). Further-

more, the subjects with MetS had a significantly

lower vocational education level than the subjects

without MetS. The mean BDI-21 total score wasT
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7.07 among the subjects with MetS and 5.49 among

the subjects without MetS (mean difference �1.585

and 95% CI �2.917;�0.253). The mean BDI-21

total score of men with MetS was 7.17 and without

MetS 5.52 (mean difference �1.650 and 95% CI �
3.757;0.456), while the total score of women with

MetS was 6.97 and without MetS 5.46 (mean

difference �1.516 and 95% CI �3.210;0.178).

In the whole sample of 416 respondents, the

subjects with MetS were significantly worse off

than the subjects without MetS on the items of

irritability (p�0.006), work inhibition (p�0.003),

fatigability (p�0.011), weight loss (p�0.013) and

loss of libido (pB0.001) (Figure 1). Men with MetS

had a significantly higher mean score than men

without MetS on the BDI-21 items irritability (1.61

Table II. Lapinlahti 2005 study: Basic characteristics of the subjects with complete BDI-21 questionnaire data (n�416).

All (n�416) *MetS absent (n�263) *MetS present (n�153) p-value

Age in years1 50.4 (10.5) 48.5 (10.4) 53.7 (9.8) B0.001

Gender male/female (%) 47/53 46/54 50/50 0.47

Marital status (% single, divorced or widowed)2 18 16 22 0.152

Vocational education (% lower-level education)3 69 64 77 0.006

Employment status (% unemployed or retired)4 29 26 34 0.114

On antidepressive medication (%) 3 2 5 0.195

On diabetes medication (%) 5 2 9 0.002

On antihypertensive medication (%) 23 11 43 B0.001

On lipid medication (%) 14 9 22 B0.001

Waist circumference in men (cm)1 98.3 (12.0) 92.2 (8.0) 108.0 (10.9) B0.001

Waist circumference in women (cm)1 84.5 (13.5) 77.4 (8.1) 97.2 (11.6) B0.001

Systolic blood pressure (mmHg)1 138.9 (18.6) 135.2 (18.1) 145.0 (17.9) B0.001

Diastolic blood pressure (mmHg)1 82.7(10.4) 80.6 (10.0) 86.4 (10.2) B0.001

Fasting plasma glucose (mmol/l)1 5.57 (1.19) 5.26 (0.96) 6.10 (1.37) B0.001

HDL-cholesterol in men (mmol/l)1 1.09 (0.33) 1.22 (0.30) 0.89 (0.28) B0.001

HDL-cholesterol in women (mmol/l)1 1.40 (0.43) 1.55 (0.40) 1.11 (0.31) B0.001

Serum triglyceride (mmol/l)1 1.36 (0.80) 1.04 (0.41) 1.89 (0.97) B0.001

BDI-21 score1 6.07 (6.70) 5.49 (6.37) 7.07 (7.14) B0.020

Notes: BDI-21: Beck Depression Inventory (21 items). *MetS: Metabolic syndrome. NCEP 2005 criteria. At least three of the five of the

following criteria classified the subject as having MetS: p-glucose ]5.6 mmol/L and/or use of diabetes medication or previous diagnosis of

adult type diabetes; s-triglyceride level ]1.7 mmol/L and/or medication; s-HDL cholesterolB1.0 mmol/L in men andB1.3 mmol/l in

women and/or medication; systolic blood pressure ]130 mmHg and/or diastolic blood pressure ]85 mmHg and/or use of antihypertensive

drug(s); waist circumference�102 cm for men and�88 cm for women, 1Values given as means (SD). 2Marital status: single, divorced, or

widowed vs. married or cohabiting. 3Vocational education: low-level vocational education or none vs. higher-level vocational education or

university degree. 4Employment status: employed vs. unemployed or retired.
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(BDI score 5.49)

P=0.006
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P=0.003
P<0.001

Figure 1. Lapinlahti 2005 study: BDI-21 profiles by metabolic syndrome (MetS) status (n�416).

Legend:

1 Mood 7 Self-hate 13 Indecisiveness 19 Weight loss

2 Pessimism 8 Self-accusation 14 Body image 20 Somatic preoccupation

3 Sense of failure 9 Self-punitive wishes 15 Work inhibition 21 Loss of libido

4 Lack of satisfaction 10 Crying spells 16 Sleep disturbances

5 Guilty feeling 11 Irritability 17 Fatigability

6 sense of punishment 12 social withdrawal 18 loss of appetite
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vs. 1.33; p�0.008), work inhibition (1.61 vs. 1.33;

p�0.008), fatigability (1.76 vs. 1.56; p�0.037),

weight loss (1.46 vs. 1.24; p�0.045), and loss of

libido (1.62 vs. 1.36; p�0.014), while for women

this was only on the BDI-21 item of loss of libido

(1.81 vs. 1.51; p�0.007).

In a logistic regression analysis using a BDI-21

cut-off point of 14/15 (adjusted for age, marital

status, vocational education, and working status) no

significant association was found between perceived

depression and MetS in either gender, but significant

association was retained between perceived depres-

sion and elevated plasma glucose level (continuous

variable) among men (OR�1.697, 95% CI

1.185;2.430, p�0.004,) and large waist circumfer-

ence (continuous variable) among women (OR�
1.066, 95% CI 1.009;1.127, p�0.024) (Tables III

and IV).

Discussion

Main findings

The subjects with clinically verified MetS had a

significantly higher total score and higher scores on

several single items of the Beck Depression Inven-

tory (BDI-21) than the subjects without MetS.

Further, perceived depression was significantly

associated with waist circumference among women

and with elevated plasma glucose level among men,

even when adjusted for age, marital status, voca-

tional education level, and working status. There-

fore, the findings are in favor of a co-occurrence of

perceived depression and emerging MetS.

Strengths and limitations of the study

The main strengths of the present study are its

wide coverage of a single community and its

Table III. Lapinlahti 2005 study: Odds ratios of men for high BDI-21 total score (cut-off point of 14/15) in multivariate logistic regression

analysis.

Variable Included in analysis (n) OR (95% CI) p-value

Age (years)

Continuous 193 1.057(0.986;1.133) 0.116

Marital status

Married, cohabiting�0, 151 1

Single, divorced, or widowed�1 42 2.231 (0.678;7.337) 0.194

Vocational education

High�0, 38 1

Low�1 155 2.344 (0.267;20.533) 0.442

Employment status

Employed�0 135 1

Unemployed/retired�1 58 1.739 (0.5560;5.399) 0.339

MetS status

MetS absent 118 1

MetS present 75 2.339 (0.433;12.645) 0.324

Waist circumference (cm)

Continuous 193 1.036 (0.974;1.103) 0.258

Fasting p-glucose (mmol/l)

Continuous 193 1.697 (1.185;2.430) 0.004

s-HDL-cholesterol (mmol/l)

Continuous 193 0.186 (0.026;1.348) 0.096

s-triglyceride (mmol/l)

Continuous 193 0.338 (0.106;1.079) 0.067

Systolic blood pressure (mmHg)

Continuous 193 0.979 (0.933;1028) 0.397

Diastolic blood pressure (mmHg)

Continuous 193 1.069 (0.987;1.158) 0.100

The following variables were entered into the model: Age: continuous variable; Marital status: single, divorced, or widowed vs. married or

cohabiting; Vocational education: low vocational education or none vs. higher vocational education or university degree; Employment

status: unemployed or retired vs. employed; Waist circumference: continuous variable; Fasting plasma glucose level: continuous variable;

Serum HDL-cholesterol level: continuous variable; Serum triglyceride level: continuous variable; Systolic blood pressure: continuous

variable; Diastolic blood pressure: continuous variable.

Association of metabolic syndrome with depression 207



comprehensive assessment of MetS. The fairly low

participation rate in the BDI analysis (55% of the

age cohorts) may have affected the results and

therefore generalizations should be made with cau-

tion. The age and gender profiles of the BDI

respondents differed slightly from those of the non-

respondents. MetS prevalence was lower among the

complete respondents (n�416) than among the

non-respondents or the respondents with incomplete

answers (n�64) with no statistical significance. The

under-representation of MetS in the respondent

group, if anything, weakened the associations de-

tected.

Of all the subjects in the health survey, 38 (8% of

the health survey participants) did not respond at all

to the BDI-21 questionnaire, which may be due to

the fact that some of the statements in the depression

inventory are quite sensitive, and for some subjects

they might be too personal to be shared with others.

Another 26 subjects (5% of the health survey

participants) filled in the questionnaire incompletely,

perhaps due to inadequate supervision during the

completion procedure. As there were marked differ-

ences between genders, we reported the main results

by gender. This may have affected the statistical

power of the study.

The assessment of depression was based on a self-

rating instrument, which bears three obvious limita-

tions. First, subjects may exaggerate symptoms in

order to make their situation worse. Second, they

may under-report the severity or frequency of

symptoms in order to minimize their problems.

Third, due to the differences in the severity of the

single BDI-21 items, simple addition of the item

scores is problematic. However, BDI cut-off points

are widely used by researchers all over the world.

Interestingly, change in waist circumference of 1

cm was associated with a 7% change in the risk of

depression, even though the logistic regression was

adjusted for the presence of MetS and variables

Table IV. Lapinlahti 2005 study: Odds ratios of women for high BDI-21 total score (cut-off point of 14/15) in multivariate logistic

regression analysis.

Variable Included in analysis (n) OR (95% CI) p-value

Age (years)

Continuous 206 0.974 (0.911;1.041) 0.436

Marital status

Married, cohabiting�0 175 0.806 (0.199;3.271) 0.763

Single, divorced, or widowed�1 31 1 0.194

Vocational education

High�0 85 1

Low�1 121 3.593 (0.947;13.638) 0.060

Employment status

Employed�0 147 1

Unemployed/retired�1 59 2.136 (0.673;6.779) 0.198

MetS status

MetS absent�0 132 1

MetS present�1 74 2.386 (0.452;12.586) 0.305

Waist circumference (cm)

Continuous 206 1.066 (1.009;1.127) 0.024

Fasting p-glucose (mmol/l)

Continuous 206 1.467 (0.759;2.835) 0.255

s-HDL-cholesterol (mmol/l)

Continuous 206 1.148 (0.272;4.844) 0.851

s-triglyceride (mmol/l)

Continuous 206 1.058 (0.552;2.028) 0.864

Systolic blood pressure (mmHg)

Continuous 206 0.976 (0.928;1.025) 0.331

Diastolic blood pressure (mmHg)

Continuous 206 1.033 (0.950;1.124) 0.451

The following variables were entered into the model: Age: continuous variable; Marital status: single, divorced, or widowed vs. married or

cohabiting; Vocational education: low vocational education or none vs. higher vocational education or university degree; Employment

status: unemployed or retired vs. employed; Waist circumference: continuous variable; Fasting plasma glucose level: continuous variable;

Serum HDLcholesterol level: continuous variable; Serum triglyceride level: continuous variable; Systolic blood pressure: continuous

variable; Diastolic blood pressure: continuous variable.
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closely associated with abdominal obesity. There-

fore, increased waist circumference especially in

women should prompt comprehensive assessment

of physical and mental well-being.

Due to the cross-sectional nature of the study, it is

not possible to measure the course of time of the

change. Therefore, the question remains as to

whether a large waist circumference and elevated

plasma glucose level are preceded or followed by

depression.

Comparison with existing literature

The present study recorded a prevalence of MetS

similar to that reported in previous population

studies in Finland [21]. There are several studies at

the population level with conflicting findings on the

association between MetS and depression [8�15]. It

is noteworthy, however, that most of them have been

done with depression cut-off points that classify

subjects as either depressive or non-depressive.

This bears obvious methodological weaknesses, and

does not do justice to the diversity of depressive

symptoms. Therefore, we added the BDI-21 profile

by MetS status. It has been suggested earlier that

possible mediating mechanisms of impaired mental

performance in MetS may be multifactorial and may

vary from one person to another [23].

The association of fatigue-related symptoms and

sexual dysfunction with obesity is well documented

[24�27], while with MetS without marked obesity it

is only preliminary [10,28�30]. Subjects with major

depression are more likely to accumulate visceral fat,

as assessed by computerized tomography [31]. Our

results support this finding, especially among wo-

men, in which depressive symptoms showed a clear

association with a large waist circumference, a

surrogate marker of visceral fat. It is likely that a

large waist circumference is associated with fatigue-

related symptoms and loss of libido below the level

of clinically significant obesity.

Depression is a known associate of diabetes, but

association between depression and an elevated

blood glucose level in non-diabetic subjects is open

to doubt [11,32,33]. In our study, however, fasting

plasma glucose level was significantly associated with

self-perceived depression in men. Our novel finding

is that perceived depression may be associated with

an elevated plasma glucose level with or without

diabetes especially among men. Therefore self-per-

ceived depression may be one of the first signs of

diabetes.

Implications for future research and clinical practice

Our findings support previous statements concern-

ing the importance of assessing the association

between MetS and self-perceived depression.

Further research should throw more light on the

course of time and the nature of their association.

The association between MetS and depression is

noteworthy in clinical practice, and therefore effec-

tive prevention and treatment of metabolic syn-

drome could also be important for the prevention

of depression.
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