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Surgical menopause may increase the risk of cardiovascular diseases (CVDs). The aim of

this study was to determine the risk of metabolic syndrome in women who had undergone

risk-reducing salpingo-oophorectomy (RRSO) because of increased risk of hereditary breast

ovarian cancer (HBOC).

A sample of 326 (65% of invited) women at risk of HBOC who had undergone RRSO was

compared to 679 women from the general population. Mean follow-up after surgery was

6.5 years (standard deviations [SD] 4.4). RRSO was significantly associated with metabolic

syndrome according to the 2005 National Cholesterol Education Program Adult Treatment

Panel III criteria (odds ratio [OR] 2.46 [95% confidence interval (CI) 1.63, 3.73]) and according

to the International Diabetes Federation criteria (OR 2.49 [CI 1.60, 3.88]), as were increasing

age and body mass index (BMI).

RRSO in women at risk of HBOC is significantly associated with the metabolic syndrome,

and the follow-up after RRSO should take these findings into consideration.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Ovarian cancer is the fifth most common cancer among wo-

men, and hereditary forms represent about 10% of cases.1

The lifetime risk of ovarian cancer is about 40% for BRCA1

and 18% for BRCA2 mutation carriers,2 while the risk of

sporadic ovarian cancer in the general population is 1.7%.2

In women at risk of hereditary breast ovarian cancer (HBOC),

risk-reducing bilateral salpingo-oophorectomy (RRSO) is fre-

quently performed. The procedure reduces the risk of ovarian
er Ltd. All rights reserved
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cancer by 80% and the risk of breast cancer considerably, but

leads to an estimated 4% cumulative incidence of peritoneal

cancer after 20 years.3–5

Cardiovascular disease (CVD) is the main contributor to

morbidity and mortality among women in the Western

world,6,7 and premature menopause is associated with CVD.

In a meta-analysis of 18 studies, early natural menopause

(<50 years) was associated with an increased risk of CVD.8

Furthermore, surgical menopause or bilateral oophorectomy

performed before the age of 50 years substantially increased
.
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the risk.8 Rocca et al. prospectively studied a cohort of 2390

women who had undergone unilateral or bilateral oophorec-

tomy.9 They found an increased mortality risk in the subpop-

ulation whose bilateral oophorectomy was performed before

age 45 years [hazard ratio (HR) 1.67] compared to age-matched

referent women. In a recent Danish cohort study, rates of

ischaemic heart disease were higher in women who had

undergone bilateral oophorectomy before age 45 years com-

pared to after age 45 years.10 Oophorectomy before natural

menopause induces an immediate decrease in sex hormones

different from the slow decline of the oestrogen and testoster-

one levels that characterises natural menopause. Some data

suggest that oestrogens have a cardio-protective effect before

menopause, and that reduction of this protection increases

the risk of CVD.11 It is not yet clear, however, by what mecha-

nisms the reduction of oestrogen levels leads to increased risk

of CVD or what risk factors are influenced by oophorectomy.

Further studies of CVD risk factors in women with rapidly in-

duced, premature menopause are needed to delineate these

mechanisms. Metabolic syndrome is one of the most prevalent

risk conditions for CVD and type 2 diabetes. Metabolic syn-

drome is a constellation of metabolic abnormalities including

glucose intolerance, insulin resistance, central obesity, dysli-

pidemia and hypertension.12 Several definitions of metabolic

syndrome have been proposed. The 2005 criteria of the Inter-

national Diabetes Federation (IDF)13 and the revised 2005 Na-

tional Cholesterol Education Program Adult Treatment

Program III criteria (ATP)14 are among the latest, both designed

to facilitate clinical diagnosis of metabolic syndrome. The IDF

definition differs from the ATP definition, in that (1) the cut-off

values for central obesity measured by waist circumference

are lower, and the values are gender and ethnic-group specific

and (2) central obesity is mandatory for the diagnosis of met-

abolic syndrome. The rationale for this requirement is that

central obesity is highly correlated with metabolic syndrome

and with insulin resistance.13 The prevalence of metabolic

syndrome according to IDF is expected to be higher than

according to ATP. However, the prevalence of the components

of the syndromes may vary between populations, as risk fac-

tors are influenced by differences in genetic background, diet,

levels of physical activity, age and sex.

In a European prospective cohort study, Hu et al. followed

6156 men and 5356 women aged 30–89 years for a median of

8.8 years.15 Among women, metabolic syndrome implied an

increased risk of death from all causes and of death from

CVD. Postmenopausal status has been found to be associated

with a 60% increased risk of metabolic syndrome, after adjust-

ing for age, body mass index (BMI), income and physical inac-

tivity.16 Menopause affects body fat distribution and lipid

metabolism leading to higher levels of total and LDL cholester-

ols, triglycerides and lipoproteins(a).17 Data are scarce regard-

ing the association between surgical menopause and

metabolic syndrome. Recently, an association between pre-

menopausal oophorectomy and metabolic syndrome was

demonstrated by Dørum and colleagues. They found that pa-

tients with bilateral oophorectomy before 50 years of age had

a higher prevalence of metabolic syndrome than age-matched

controls in a large Norwegian population-based health

study.18 This study included patients with both hysterectomy

and oophorectomy, and the indications for the procedures
were uterine or ovarian benign diseases. Taking the study by

Dørum and colleagues one step further, we wanted to examine

the prevalence of metabolic syndrome among women who

had undergone RRSO as a cancer preventive method.

As RRSO is mostly offered to otherwise healthy women at

risk of HBOC, any effects of RRSO causing increasing risk of

metabolic syndrome are of interest. In the present study, we

examined the risk of metabolic syndrome in women after

RRSO compared to controls with intact ovaries from the gen-

eral population.

2. Materials and methods

2.1. Sample selection

We identified a sample of 503 Norwegian women from HBOC

families who had undergone RRSO after they had received ge-

netic counselling at The Norwegian Radium Hospital. The

sample was recruited from hospital surgical records, and

RRSO was performed in three University Hospitals between

1980 and 2005. The women were sent a mailed questionnaire

and were asked to visit their general practitioner for blood

pressure and waist circumference measurements and blood

tests. Non-responders were sent a reminder three weeks later.

Of the women invited, 361 (72%) responded, and 326 (65%) re-

turned complete questionnaires, physical measurements and

blood samples. We did not have medical information about

the non-respondents, and could therefore not perform a full

attrition analysis.

2.2. Control sample

The Health Study of Nord-Trøndelag County of Norway

(HUNT-2) was conducted in 1995–1997. All inhabitants aged

P20 years were invited to a general health study, described

in detail elsewhere.19 Potential participants received a mailed

questionnaire and an appointment for physical measure-

ments and blood tests. Among the 46,709 women invited,

34,518 (74%) between 20 and 98 years of age participated,

and 28,025 were between 30 and 79 years of age. Among

these, 25,529 participated in the part of the study which in-

cluded a second questionnaire. The women who had not an-

swered the second questionnaire were excluded, as well as

1192 women with a history of cancer. We then excluded wo-

men who responded ‘yes’ or ‘do not know’ to these questions:

‘Have you had one or both of your ovaries removed?’

(N = 1710) and ‘Have you had your uterus removed?’ (N = 975).

Altogether, these exclusions left 21,650 potential controls,

and among them, 679 controls had blood samples drawn in

the fasting state (defined as fasting nine hours or more)

including glucose, triglycerides and HDL-cholesterol, and

complete waist and blood pressure measurements. A selec-

tion of 679 of 21,650 controls increases the risk of a selection

bias, and we therefore made a comparison between our con-

trols and the total HUNT sample.

2.3. Physical measurements and blood sampling

2.3.1. RRSO
General practitioners measured systolic and diastolic blood

pressures. After at least 5 min rest, the mean of the second
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and third measurements was used. Cuff size was adjusted

after measuring the arm circumference. General practitioners

also measured waist circumferences in a standardised man-

ner above the iliac crest.

Fasting blood samples were analysed at Sørlandet Hospi-

tal, Arendal, Norway, on a Hitachi 911 auto-analyser. Glucose

was measured with an enzymatic hexokinase method, tri-

glycerides with an enzymatic colorimetric method and total

and HDL-cholesterols with an enzymatic colorimetric choles-

terolesterase method.
2.3.2. Controls
Systolic and diastolic blood pressures were measured in a

standardised manner by trained nurses using a Dinamap

845XT (Criticon) based on oscillometry. The measurements

were started after the participant had been seated for 2 min

with the cuff on the arm, and blood pressure was measured

three times at 1-min intervals. The mean of the second and

third readings was used in this study. Waist circumference

was measured above the iliac crest.

Fasting blood samples were analysed at Levanger Hospital,

Norway, on a Hitachi 911 auto-analyser. Glucose was mea-

sured with an enzymatic hexokinase method, triglycerides

with an enzymatic colorimetric method and total and HDL-

cholesterols with an enzymatic colorimetric cholesterolester-

ase method.

2.3.3. Demographic variables
The questionnaire both for the RRSO sample and participants

in HUNT-2 covered demographic characteristics, somatic and

mental morbidity, physical impairment, use of medication as

well as lifestyle and health-related behaviour. Somatic dis-

eases were self-reported and queried using the following for-

mulation: ‘Has your doctor ever said that you suffer from. . .?’

Diagnoses were not confirmed by general practitioners or

hospital records.

Educational level was separated into low (610 years) and

high (>10 years) based on the number of completed school

years. A family history of myocardial infarction was defined

as a first degree relative with myocardial infarction before

age 60. Employment was dichotomised into paid work or not

paid work. Not paid work included housewives, participants

on sick leave, students and pensioners. Women who were

married or living in a paired relation were defined as cohabit-

ing. Current use of hormonal replacement therapy (HRT) defined as

use of oestrogen and use of antihypertensives was self-re-

ported. Physical activity was self-reported, and the participants

were categorised as having ‘minimal’ or ‘moderate or more’

physical activity, as published by Thorsen et al.20 Smoking

was rated as daily cigarette smokers.
2.3.4. Metabolic syndrome definitions
We used two definitions of metabolic syndrome as outcome

variables:

(1) The International Diabetic Federation (IDF) defines

metabolic syndrome as waist circumference P80 cm

plus two of the following four criteria: raised triglycer-

ides, lowered HDL-cholesterol, raised blood pressure
or raised fasting plasma glucose.18 Raised triglycerides

is defined as >1.7 mmol/l or specific treatment for this

abnormality, lowered HDL-cholesterol as values

<1.29 mmol/l or specific treatment, raised blood pres-

sure as systolic pressure P130, diastolic pressure

P85, treatment for hypertension or earlier diagnosed

hypertension and raised fasting plasma glucose as val-

ues P5.6 mmol/l or previously diagnosed type 2

diabetes.

(2) The National Cholesterol Education Program (NCEP)

expert panel on detection, evaluation and treatment

of high blood cholesterol in adults (ATP) defines meta-

bolic syndrome as fulfilling any three of the following

criteria: abdominal obesity (>88 cm), raised triglycer-

ides (>1.7 mmol/l), lowered HDL-cholesterol

(<1.29 mmol/l) elevated blood pressure (systolic blood

pressure P130 and/or diastolic blood pressure P85) or

fasting glucose P5.6 mmol/l.19

In our samples, we did not have data on treatment of

abnormalities in triglycerides or HDL-cholesterol, and

therefore we have only used increased values to define raised

triglycerides and lowered HDL-cholesterol. Drugs to lower tri-

glycerides and increase HDL-cholesterol, e.g. fibrates, are not

registered in Norway.
2.4. Ethics approval

The HUNT-2 study was approved by the Regional Ethics Com-

mittee of the Mid-Norway Health Region, and all participants

delivered written informed consent. The RRSO study was ap-

proved by the Regional Ethics Committee of the Southern

Norway Health Region and the Data Inspectorate of Social Sci-

ences. All participants provided written informed consent.
2.5. Statistics

Data were described by mean and standard deviations (SD) for

continuous and by proportions for categorical variables. Dif-

ferences between groups were assessed with two sample t-

tests and v2-tests. The tables covering demography and risk

factors present the crude data in addition to age-adjusted

data. Age adjusted p-values for differences between women

with RRSO and controls were estimated with linear regression

or binary logistic regression, respectively. The age-adjusted

odds ratios express the risk of each outcome given RRSO.

The age-adjusted mean differences express age-adjusted dif-

ferences between mean scores in the RRSO and in the control

groups. The RRSO group and control groups were not system-

atically matched for age or other demographic and lifestyle

factors. Risks of metabolic syndrome as defined by IDF and

ATP were therefore modelled by multiple logistic regressions

with age, education, civil status, smoking, BMI, RRSO, physi-

cal activity, BRCA mutation status, history of cancer, level of

total cholesterol and HRT as independent variables. We exam-

ined possible presence of multicollinearity in the multiple

regression model. The contribution made by each covariate

was expressed as odds ratio (OR) with 95% confidence inter-

vals (CI). The level of significance was set at p < 0.05, and all
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tests were two-tailed. SPSS (version 15.0) was used for the sta-

tistical analyses.

3. Results

3.1. Demographic variables

The mean age in the RRSO group and in the control group was

54.4 years (SD 8.9) and 48.5 years (SD 13.1), respectively

(p < 0.001) (Table 1). In the RRSO group, 93/326 (29%) had a his-

tory of cancer, and 75/326 (26%) had a history of breast cancer.

A significantly larger proportion of the RRSO group had more

than 10 years of education, more paid work, and were more

frequently cohabiting compared to controls (Table 1). These

differences remained significant after adjustment for age

(Table 1).

3.2. Lifestyle variables and medication

More RRSO patients were current users of HRT, even after

adjustment for age (Table 1). The RRSO group reported more

physical activity with a significantly larger proportion being

‘moderately active or more’ (Table 1).

The RRSO group included fewer daily smokers than the

control group (Table 2).

3.3. Physical measures and blood tests

The RRSO patients had higher HDL-cholesterol, lower systolic

blood pressure and lower BMI than the controls. After age-

adjustment, the RRSO group also had lower diastolic blood

pressure, total cholesterol, blood glucose and triglycerides

(Table 2).

The RRSO patients had significantly higher waist circum-

ference, and met the central obesity criteria of the IDF and

ATP definitions more frequently compared to controls (Table

2). The unadjusted data showed no differences between the
Table 1 – Demographic, somatic and lifestyle variables in the

RRSO (N = 326) Contr

Mean (SD) Mean (

Age at survey 54.4 (8.9) 48.5 (1

Age at RRSO 48.0 (7.8)

Years since RRSO 6.5 (4.4)

N/total (%) N/total

Having cancer 97/326 (30)

Having breast cancer 75/326 (23)

Higher education 152/312 (49) 133/65

BRCA mutation positive 58/273 (21)

Family history of MIa 56/315 (18) 137/67

Paid work 205/313 (65) 337/66

Cohabiting 262/315 (83) 403/67

Current use of HRT 127/326 (39) 51/679

Physically active 283/305 (93) 465/60

RRSO: risk-reducing salpingo-oophorectomy; OR: odds ratio; CI: confide

HRT: hormonal replacement therapy.

a P1 relative with MI < 60 years.

b The age-adjusted ORs give an estimated age-adjusted risk of outcome
groups in the blood pressure criteria of the IDF and ATP defi-

nitions, but after age-adjustment, a lower proportion of the

RRSO group filled these criteria compared to the control group

(Table 2).

3.4. Metabolic syndrome and contributors of risk

The prevalence of metabolic syndrome was similar in the

RRSO group and in the control group after age-adjustment,

and according to both the IDF and ATP definitions (Table 2).

In the multiple logistic model having performed RRSO was

significantly associated with metabolic syndrome (both IDF

and ATP definitions) as were increasing age and BMI (Table

3). Multicollinearity was not present in the multiple model

according to our analyses (data not shown).

3.5. Controls versus the whole HUNT sample

The controls used in this study (N = 679) were significantly

younger than the whole HUNT sample (N = 20,911) (Table 4).

After age-adjustment, the controls from this study had lower

level of education, more paid work, more diabetes, higher to-

tal cholesterol, higher waist circumference, higher systolic

blood pressure, higher diastolic blood pressure, higher Fra-

mingham total point score and more smokers compared to

the whole HUNT sample (Table 4).

4. Discussion

The major finding in this controlled study is that RRSO for

breast and ovarian cancer prevention was significantly asso-

ciated with metabolic syndrome (both according to IDF and

ATP definitions), when compared to controls from the general

population without such surgery after adjustment for age,

educational level, paid work, cohabiting, physical activity, dai-

ly smoking, BRCA mutation status, history of cancer, use of

HRT, BMI and levels of total cholesterol.
RRSO and in the control groups.

ols (N = 679) p Age-adjustedb

OR (95% CI) p

SD)

3.1) <0.001

(%)

4 (20) <0.001 6.26 (4.42, 8.88) <0.001

9 (20) 0.37 0.84 (0.59, 1.20) 0.34

4 (51) <0.001 2.89 (2.12, 3.93) <0.001

9 (59) <0.001 3.08 (2.19, 4.32) <0.001

(8) <0.001 8.11 (5.56, 11.84) <0.001

1 (77) <0.001 3.69 (2.55, 5.34) <0.001

nce interval; SD: standard deviation; MI: myocardial infarction; and

given RRSO.



Table 2 – Variables related to metabolic syndrome (IDF and 2005 ATP definition).

RRSO (N = 326) Controls (N = 679) p Age-adjusteda

Mean difference
(95% CI) p

(RRSO – controls)

Mean (SD) Mean (SD)

Total cholesterol mmol/l 5.8 (1.2) 6.1 (1.4) 0.05 –0.54 (–0.70, –0.38) <0.001

BMI kg/m2 25.1 (4.0) 27.4 (5.0) <0.001 –2.57 (–3.25, –1.89) <0.001

Waist circumference cm 87 (12) 84 (12) <0.001 2.12 (0.48, 3.75) 0.01

Triglycerides mmol/l 1.2 (0.7) 1.3 (0.7) 0.62 –0.12 (–0.21, –0.03) 0.009

HDL-cholesterol mmol/l 1.7 (0.4) 1.5 (0.4) <0.001 0.16 (0.10, 0.21) <0.001

Blood pressure mmHg

Systolic BP 128 (17) 134 (24) <0.00 –11.3 (–13.8, –8.80) <0.001

Diastolic BP 79 (10) 80 (11) 1 0.39 –2.14 (–3.54, –0.72) 0.003

Fasting glucose in mmol/l 5.2 (1.3) 5.4 (1.2) 0.11 –0.29 (–0.45, –0.13) <0.001

N (%) N (%) p Age-adjustedb

OR (95% CI) p

Smoking 70 (22) 289 (43) <0.001 0.45 (0.33, 0.62) <0.001

Waist circumference P80 cm (IDF)c 236 (72) 402 (59) <0.001 1.49 (1.10, 2.00) 0.009

Waist circumference P88 cm (ATP)c 159 (49) 232 (34) <0.001 1.56 (1.19, 2.06) 0.002

Blood glucose P5.6 mmol/lc 89 (27) 159 (23) 0.18 0.96 (0.70, 1.31) 0.79

Triglycerides P1.7 mmol/lc 58 (18) 133 (20) 0.50 0.73 (0.51, 1.03) 0.08

Blood pressure P130 or P85 mmHg

or antihypertensivesc

186 (57) 368 (54) 0.39 0.62 (0.46, 0.85) 0.003

HDL-cholesterol <1.29 mmol/lc 56 (17) 188 (28) <0.001 0.57 (0.40, 0.80) 0.001

Metabolic syndrome

IDFd 102 (31) 185 (27) 0.18 0.83 (0.77, 1.40) 0.83

2005 ATPe 85 (26) 163 (24) 0.48 1.12 (0.82, 1.54) 0.47

IDF: International Diabetes Federation; ATP: The National Cholesterol Education Program (NCEP) expert panel on detection, evaluation and

treatment of high blood cholesterol in adults; RRSO: risk-reducing salpingo-oophorectomy; CI: confidence interval; BMI: body mass index; HDL-

cholesterol: high density lipoprotein cholesterol; BP: blood pressure; and OR: odds ratio.

a The age-adjusted mean differences express age-adjusted differences between mean scores in the RRSO and in the control groups.

b The age-adjusted ORs give an estimated age-adjusted risk of outcome given RRSO.

c Risk determinants of metabolic syndrome.

d IDF definition: includes central obesity and P2 of 4 risk determinants present.

e ATP-definition: P3 of 5 risk determinants present.
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To our knowledge, this is the first study to examine the

associations between RRSO in women at risk of HBOC and

metabolic syndrome. It has previously been demonstrated
Table 3 – Multiple binary logistic analysis of variables associa
(RRSO + control groups).

Characteristics IDF metabolic

OR (95% CI) p

If RRSO 2.13 (1.31, 3.46

Age 1.04 (1.02, 1.06

If lower education 1.18 (0.78, 1.78

If not having paid work 1.21 (0.84, 1.74

If not cohabiting 1.10 (0.75, 1.60

If not physically active 1.10 (0.72, 1.67

If smoker 1.29 (0.88, 1.89

If BRCA mutation positive 0.94 (0.44, 1.98

If history of cancer 1.49 (0.83, 2.68

If use of HRT 1.18 (0.76, 1.83

Total cholesterol 1.13 (0.98, 1.29

BMI 1.26 (1.21, 1.31

IDF: International Diabetes Federation; ATP: The National Cholesterol E

treatment of high blood cholesterol in adults; OR: odds ratio; CI: confidenc

cancer gene; HRT: hormonal replacement therapy; and BMI: body mass i
that oophorectomy before the age of 45 is associated with

increased mortality.9 However, it is still unclear whether

this association is due to a causal effect or to a worse risk
ted with metabolic syndrome in the total sample

syndrome ATP metabolic syndrome

OR (95% CI) p

) 0.002 2.12 (1.26, 3.57) 0.005

) <0.001 1.04 (1.02, 1.06) <0.001

) 0.45 1.20 (0.77, 1.88) 0.42

) 0.32 1.29 (0.87, 1.91) 0.21

) 0.63 0.99 (0.66, 1.48) 0.96

) 0.66 0.91 (0.58, 1.42) 0.91

) 0.19 1.39 (0.92, 2.09) 0.12

) 0.86 1.18 (0.54, 2.58) 0.68

) 0.18 1.42 (0.76, 2.65) 0.27

) 0.47 1.12 (0.70, 1.80) 0.63

) 0.09 1.16 (1.00, 1.34) 0.05

) <0.001 1.30 (1.24, 1.36) <0.001

ducation Program (NCEP) expert panel on detection, evaluation and

e interval; RRSO: risk-reducing salpingo-oophorectomy; BRCA: breast

ndex.



Table 4 – Controls (N = 679) versus eligible controls from the HUNT sample (N = 20,911).

HUNT (N = 20,911) Controls (N = 679) p*

Mean (SD) Mean (SD)

Age at survey 52.0 (14.0) 48.4 (13.1)

N/total (%) N/total (%)

Higher education 5451/19,797 (28) 133/654 (20) <0.001

Paid work 11,595/20,911 (55) 396/664 (60) 0.02

Current use of HRT 1835/17,159 (11) 51/679 (8) 0.61

History of angina 741/20,175 (4) 17/679 (3) 0.79

History of MI 347/20,930 (2) 8/679 (1) 0.88

History of stroke 321/20,911 (2) 7/671 (1) 0.89

Diabetes 563/20,934 (3) 28/679 (4) <0.001

Smoker 4901/20,911 (23) 289/679 (43) <0.001

Mean (SD) Mean (SD)

Total cholesterol mmol/l 6.1 (1.3) 6.1 (1.4) <0.001

Waist circumference cm (mean) 82 (11) 84 (12) <0.001

HDL-cholesterol mmol/l 1.5 (0.4) 1.5 (0.4) 0.80

Blood pressure

Systolic BP 137 (23) 134 (24) 0.005

Diastolic BP 80 (12) 80 (11) 0.02

Framingham total point score 14.3 (6.2) 14.4 (6.5) <0.001

HUNT: The Nord-Trøndelag Health Study; SD: standard deviation; HRT: hormonal replacement therapy; MI: myocardial infarction; HDL: high

density lipoprotein; and BP: blood pressure.

* p-Values adjusted for age.
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profile in the population who underwent early

oophorectomy.

Recently, a possible causal relation between metabolic

syndrome and breast cancer has been postulated.21 Putative

mechanisms include peripheral oestrogen aromatisation in

adipose tissue and insulin resistance. These processes seem

to be associated with aggressive and late-stage breast cancer

disease.22–24 In the present study, 23% of the RRSO patients

had a history of breast cancer. However, we did not find an in-

creased prevalence of metabolic syndrome in the subpopula-

tion with cancer in our material.

Although the RRSO participants were older than controls,

they had lower BMI, higher HDL-cholesterol and lower sys-

tolic blood pressure. In addition to this, they were more

physically active, had a higher level of education, included

a lower proportion of smokers and a higher proportion in

paid work and cohabiting. Some of these findings may have

been caused by an adaptation to changing health.25 The

RRSO group might have been more concerned about their

general health because of their high HBOC risk and the RRSO

status, and adapt to a healthier lifestyle, such as their in-

creased physical activity and reduced smoking habits, all

changes known to decrease the risk of CVD.26 Also, the RRSO

women may be aware of studies suggesting that lifestyle

variables and weight control through restricted dietary en-

ergy intake may reduce the risk of breast cancer.22 Such life-

style changes seem to affect breast cancer risk in BRCA

individuals as well.27 Additionally, the rates of genetic test-

ing seem to be higher in groups of higher socioeconomic sta-

tus.28 However, when adjusted for these demographic and

lifestyle characteristics, RRSO was still significantly associ-

ated with metabolic syndrome.

Because of the cross-sectional design of the study, we can-

not establish a causal relationship. Nonetheless, our findings
indicate that RRSO is significantly associated with metabolic

syndrome. Age is a well-known risk factor of metabolic syn-

drome, and this association is confirmed in our study.12 High-

er BMI is associated with increased waist measurements, and

was significantly associated with metabolic syndrome in this

study.29

This study demonstrates a significantly higher waist cir-

cumference in the post-RRSO group, even after age-adjust-

ment. The association between increased waist

circumference and cardiovascular risk is well-known. Cen-

tral obesity, either caused by visceral obesity or subcutane-

ous fat accumulation, is agreed as essential in the IDF

definition of metabolic syndrome because of the strength

of the evidence linking waist circumference with cardio-

vascular disease and other metabolic syndrome compo-

nents.13 The most probable explanation of our finding is

that the loss of oestrogen caused by RRSO leads to altera-

tions in body fat distribution with increased waist circum-

ference and central obesity. The differences between the

RRSO and control groups regarding socioeconomic factors

and other cardiovascular risk factors may outweigh differ-

ences in each of the single cardiovascular risk factors

and therefore the association between RRSO and metabolic

syndrome is not revealed unless analysed with multiple

models.

A prospective study has previously shown that HRT of any

type did not significantly alter the reduction in breast cancer

risk after RRSO.30 Use of oestrogen therapy does not seem to

influence the risk of metabolic syndrome in our study, and

only 39% in the RRSO group were current users of oestrogens.

As about one fourth of the RRSO sample had a history of

breast cancer and all carry an increased risk of breast cancer,

many patients may have been reluctant to use oestrogen

replacement therapy.
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4.1. Strengths and limitations

Our cohort was large and uniform as all RRSO procedures

were performed after evaluation and counselling at the same

centre. Measurements were standardised both in the cases

and in the controls, and the controls were drawn from a pop-

ulation-based sample. All blood samples were analysed by the

same methods. None of the controls had undergone oopho-

rectomy or hysterectomy, and none had a history of cancer.

Our main limitation is the cross-sectional design as mea-

surements were not available among cases prior to surgery.

Therefore, we were not able to establish causal relationships.

To determine the prevalence of metabolic syndrome, blood

samples have to be drawn in the fasting state, and in our pop-

ulation-based control sample, only 679 of 21,650 eligible con-

trols fulfilled these criteria. The comparison between the

control sample (N = 679) and the total sample of eligible con-

trols (N = 21,650) demonstrates differences, confirming the

presence of a selection bias. The selection bias limits our abil-

ity to generalise the association between RRSO and metabolic

syndrome. Overall, our control sample seems to have a worse

cardiovascular risk profile than the total HUNT material. Pre-

sumably, this worse risk profile would tend to lessen the dif-

ferences towards the RRSO group.

Women with RRSO may be self-selected in regard to higher

education, more paid work, less smoking and a healthier life-

style. These selections may reduce the risk of CVD. The car-

diovascular risk differences between the RRSO and control

groups may explain why the association between RRSO and

metabolic syndrome is only visible in the multiple model.

5. Conclusion

RRSO was significantly associated with the metabolic syn-

drome, indicating that women after RRSO may have a higher

risk of type 2 diabetes and CVD than controls from the general

population with intact ovaries. These findings need to be con-

firmed in studies with a more robust design. Women at risk of

HBOC will be offered RRSO at early ages in the foreseeable fu-

ture. It is therefore important to evaluate the need for medical

follow-up.
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