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Abstract
Background: Although the association between menopause and cardiovascular disease (CVD) risk has been
studied extensively, the simultaneous role of chronological aging herein remains underexposed. This study aims to
disentangle the relationships of menopausal status and chronological aging with CVD risk factors in the largest
study population to date.
Methods: In this cross-sectional study, CVD risk factors were compared between women with a different
menopausal status within the same yearly age strata. The study population comprised female participants of the
baseline visit of the population-based LifeLines Cohort Study. A total of 63,466 women, aged between 18 and
65 years, was included. Of them, 39,379 women were considered to be premenopausal, 8669 were perimenopausal,
14,514 were naturally postmenopausal, and 904 were surgically postmenopausal.
Results: Compared to postmenopausal women aged 45 years, average total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-c) were 0.5 and 0.4 mmol/L higher, respectively, in postmenopausal women aged 50.
Systolic and diastolic blood pressure levels were 4 and 1 mmHg higher, respectively. At all ages between 46 and
55 years, and after adjustment for confounders, naturally postmenopausal women had 0.2 to 0.4 mmol/L higher TC
and 0.1 to 0.3 mmol/L higher LDL-c levels compared to premenopausal women in the same age range. Systolic blood
pressure levels were up to 4 mmHg lower in naturally post- compared to premenopausal women at all ages between
29 and 52 years. Body mass index levels were up to 3.2 kg/m2 higher in women with surgical menopause compared to
all other women between the ages 32 and 52 years. All aforementioned results were statistically significant.
Conclusions: Chronological age and menopausal status are both independently associated with CVD risk factors.
Based on the comparatively smaller observed differences associated with menopausal status than with chronological
aging, the significance of a more unfavorable lipid profile in a later reproductive stage may be less obvious than
previously thought.
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Background
Menopause is the final result of the continuous decline
of ovarian reserve, marking the end of a woman’s reproductive lifespan. An earlier age of reaching menopause is
considered to be associated with an increased risk of cardiovascular disease (CVD) [1, 2], but the mechanisms
through which menopause is associated with CVD
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remain unclear. The menopausal transition and postmenopausal status have been associated with adverse
CVD risk factor levels [3–10], but studies have recently
contended that chronological aging or prior CVD risk
play a more important role [11–13].
As postmenopausal women are, by definition, older
than premenopausal women, it is challenging to separate
the effects of biological aging from the various phases of
the reproductive aging process [14]. This problem was
previously circumvented by exclusively studying 53-yearold women born within the same week [7],
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longitudinally estimating the rate of change of CVD risk
factors in the time surrounding the final menstrual
period [6, 15], or comparing blood pressure levels between women in biannual age strata [16]. However, as
the menopausal transition occurs over several years, its
longitudinal effects can be ascribed to both aging and
menopausal status in the same participant. The currently
available studies were furthermore not able to assess the
individual effects of chronological and reproductive
aging over a large age interval.
In this study, we aimed to disentangle the associations
of menopausal status and chronological aging with CVD
risk factors over a wide age range. To this end, we compared levels of CVD risk factors with menopausal status,
within and between yearly age strata, in the largest study
population to date.

Methods
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naturally postmenopausal or surgically menopausal.
Group allocation was based on baseline questionnaire information and followed the Stages of Reproductive Aging
Workshop (STRAW) criteria [20]. Women with a currently regular menstrual cycle (n = 39,379, 53.4%) were
classified as premenopausal. Women with an irregular
menstrual cycle since several months (n = 7661) or
years (n = 1260; total n = 8669, 11.8%) were considered
to be perimenopausal. Women who answered that they
were postmenopausal when asked about cycle regularity,
and with a date of last menstruation being more than
1 year before the visit (n = 14,514, 19.7%), were considered to be naturally postmenopausal. Women who reported having had a bilateral oophorectomy (n = 904,
6.7%) were classified as surgically postmenopausal.
The reproductive status of 5293 (7.2%) women could
not be determined. This left 63,466 women in the
study population.

Cohort profile

For our study population, there were 80,853 potentially
eligible women between 18 and 65 years old who participated in the baseline examination of the LifeLines
Cohort Study. Lifelines is a multi-disciplinary prospective population-based cohort study examining, in a
unique three-generation design, the health and healthrelated behaviors of 167,729 persons living in the north
of The Netherlands. It employs a broad range of investigative procedures in assessing the biomedical, sociodemographic, behavioral, physical and psychological factors which contribute to the health and disease of the
general population, with a special focus on multimorbidity and complex genetics [17, 18]. The cohort
participants were recruited through general practitioner
registrations between 2006 and 2013. Cohort members
are examined at baseline and will be prospectively
followed up with visits in 5-year intervals and questionnaires every 1.5 years. The current study was based on
information from the baseline examination, which includes a questionnaire, anthropometric measurements
and blood withdrawal. All participants gave written informed consent [19] and ethical approval was granted by
the medical ethics committee of University Medical
Center Groningen [18]. LifeLines is a facility that is open
for all researchers. Information on application and data
access procedure is summarized on www.lifelines.net.
Menopausal status assessment

Women with an intra-uterine contraceptive device
(n = 2445, 3.0%), who previously underwent a hysterectomy (n = 4937, 6.2%), and/or who reported never
having had a regular menstrual cycle (n = 4780, 5.9%)
were excluded, leaving 73,662 women. Participants were
then divided into groups based on menopausal status,
which were defined as premenopausal, perimenopausal,

Cardiovascular risk factor assessment

At the baseline examination, height and weight were
measured by trained staff, from which body mass index
(BMI; in kg/m2) was calculated. Systolic and diastolic
blood pressure (SBP and DBP) were measured 10 times
during 10 minutes using a Dynamap PRO (GE Healthcare,
Freiburg, Germany) [18], from which the average values
were used. The baseline examination furthermore included fasting venous blood withdrawal. Directly after
blood withdrawal, prespecified biomarkers in each fasting
blood sample were routinely assessed at the in-house laboratory of the University Medical Center Groningen.
Serum levels of total cholesterol (TC) and high-density
lipoprotein cholesterol (HDL-c) were assessed with an enzymatic colorimetric method, low-density lipoprotein cholesterol (LDL-c) was assessed with a colorimetric method
and triglyceride (TG) levels were measured with a colorimetric ultraviolet method, with a Roche Modular P chemistry analyzer (Roche, Basel, Switzerland). Fasting blood
glucose was assessed with a hexokinase method [21].
Other variables

The questionnaires additionally contained questions
about hormonal contraception or postmenopausal hormone therapy (HT) use and smoking status. Participants
were asked whether they had ever or were currently
using oral contraceptives, a hormonal intrauterine device, contraceptive injection (henceforth altogether referred as hormonal contraception) or HT. Current use
included any use in the prior month. Smoking status
was assessed by asking participants whether they were
current smokers or had smoked the previous months.
Current and ever smokers were furthermore asked about
the total duration and daily frequency of smoking. For
this study, smoking status was defined as current smoker
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(yes or no), including women who had smoked up until
the prior month.
Women who were pregnant at the time of examination (n = 109, 0.1%) were asked to fill out the questionnaire about the period preceding their pregnancy. They
completed their baseline visit at least 6 months after
their pregnancy and 3 months after ceasing to breastfeed, at which point the questionnaire was handed in
and blood withdrawal occurred.
Data analysis

For all variables of interest, the number of complete
cases was 60,811 (96%) and missing information per
variable did not exceed 1%. Missing values were imputed
by conditional multiple imputation with 10 iterations,
through predictive mean matching for continuous variables and proportional odds for categorical variables. All
CVD risk factor variables, with the exception of TG,
were normally distributed. As the distribution of TG
levels was right-skewed, TG levels were log-transformed.
Baseline characteristics were presented across menopausal status groups as mean ± SD or n (%), unless
stated otherwise.
To gain a first insight in differences in CVD risk factor
levels between the menopausal status categories independently of age, a linear regression analysis was performed within each 1-year age stratum for each
outcome, with premenopausal women as the reference
category. Women below the age of 34 were all included
in a 34-years and younger group, due to the relative lack
of postmenopausal women before this age. In a similar
fashion, women above age of 56 were all included in a
56-years and older age stratum. The regression analyses
were adjusted for smoking status, current hormonal
contraception and BMI due to their potential association
with both menopausal status and CVD risk factors. Because BMI was considered to be both a potential confounder and CVD risk factor, a model with BMI as an
outcome was also fit, which adjusted for smoking and
hormonal contraception use only. Models were furthermore adjusted for antihypertensive and lipid-lowering
medication.
The objective of investigating an independent association of both calendar age and menopausal status with
CVD risk factor levels was addressed by creating a linear
regression model for each CVD risk factor as an outcome, with menopausal status and age as independent
covariables. In order to adjust for smoking status, hormonal contraception use, antihypertensive or lipidlowering medication and BMI (except in the case of
BMI as a CVD risk factor outcome), these parameters
were additionally added to the model. To test whether
the association with age differed between the menopausal status groups, we included an interaction term of
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menopausal status with age in the model and tested its
significance with an analysis of variance (ANOVA).
Furthermore, in order to take into account a potential
non-linear relationship of age with CVD risk factors, restricted cubic splines for age were added to the model
[22, 23]. The model was then tested for non-linearity
with an ANOVA analysis. Using the resulting best fitting
model (excluding the interaction term or splines if the
interaction term or test for non-linearity were nonsignificant), the adjusted values for each outcome were
plotted against age for each menopausal status group.
All statistical analyses were performed with R (www.
r-project.org), version 3.1.3. Multiple imputation was
done using the ‘mice’ library, using a prediction
matrix with all determinants, outcomes and confounders [24]. The regression models were fitted with
the fit.mult.impute function from the ‘Hmisc’ library.
Sensitivity analyses

We performed four sensitivity analyses. First, the analyses described above were repeated after including
women with missing reproductive status information, by
assigning them to menopausal groups based on their
age, similar to the methods by Clavel-Chapelon et al.
[25]. Secondly, the analyses were repeated after excluding women who reported current use of cholesterol- or
blood pressure-lowering medication. Thirdly, the analyses were performed with only inclusion of women who
reported an irregular cycle ‘since several months’ as the
perimenopausal group. Finally, as the classification of
the STRAW criteria for the whole study population was
based on the answers to the question of cycle regularity
and menopause, hormonal contraception and HT use
were not taken into account for this determination. To
assess the differences between the menopausal status
groups independently from exogenous hormone use,
women who had ever used HT or currently used hormonal contraception were excluded from analysis.
Patient involvement

The development of the research question and study design occurred without the involvement of patients. The
research question fits within the scope of healthy aging
in the general population, an objective set by LifeLines.

Results
In Table 1, the number of women in each age stratum
and menopausal status group is listed. Characteristics
for women in each reproductive category are presented
in Table 2. Mean age increased over the pre-, peri-, and
postmenopausal groups, and so did the mean levels of
all CVD risk factors. Hormonal contraception usage decreased over the pre-, peri- and postmenopausal groups,
with the lowest percentage of users in the surgically
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Table 1 Number of study participants in each menopausal status group per annual age stratum
Age stratum

Premenopausal

Perimenopausal

Naturally postmenopausal

Surgically postmenopausal

Total

18

726

32

1

0

759

19

561

19

2

0

582

20

552

35

3

0

590

21

638

29

8

1

676

22

655

50

4

0

709

23

670

50

7

0

727

24

704

51

14

0

769

25

813

79

10

0

902

26

1138

119

26

1

1284

27

1064

120

25

0

1209

28

982

101

19

0

1102

29

971

119

19

1

1110

30

950

107

27

0

1084

31

995

116

28

2

1141

32

1028

119

42

3

1192

33

1070

110

32

1

1213

34

1118

99

39

2

1258

35

1151

113

54

1

1319

36

1235

138

70

5

1448

37

1369

134

83

8

1594

38

1464

145

63

6

1678

39

1606

153

108

15

1882

40

1731

187

95

7

2020

41

1796

245

119

11

2171

42

1860

248

121

16

2245

43

1783

352

135

22

2292

44

1781

380

137

19

2317

45

1740

490

157

28

2415

46

1577

535

208

40

2360

47

1489

659

290

39

2477

48

1337

743

392

43

2515

49

1148

788

508

61

2505

50

898

795

703

51

2447

51

467

565

691

37

1760

52

134

233

464

18

849

53

69

169

556

22

816

54

57

123

653

32

865

55

29

62

802

24

917

56

14

32

886

23

955

57

4

16

870

28

918

58

1

6

902

38

947

59

3

1

876

47

927

60

1

1

900

29

931

61

0

0

883

30

913
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Table 1 Number of study participants in each menopausal status group per annual age stratum (Continued)
62

0

1

817

52

870

63

0

0

821

37

858

64

0

0

790

48

808

65

0

0

84

56

140

Total

39397

8669

14514

904

63466

postmenopausal group. The vast majority of women
who reported ever using HT (3% of the study population) were postmenopausal (77%), with the highest percentage (64%) in the surgical menopause group. In the
premenopausal group, 203 (0.5%) women said to have
ever used HT, but reported a currently regular menstrual
cycle. In the naturally postmenopausal group, median
age (interquartile range, IQR) at menopause was 51 (46–
53) years.
For all CVD risk factors studied, the association between age and risk factor level was significantly nonlinear (P value for non-linearity < 0.001 in all cases), so
all models included restricted cubic splines for age. In
addition, for all CVD risk factors besides SBP and glucose there was a significant interaction between age and
menopausal status (P values for the interaction term
ranged between < 0.001 and 0.01), indicating that the
magnitude of the differences in these risk factor levels
between menopausal status groups varied with age. The

models including cubic splines and the interaction term
had a better fit than the models without, assessed by
comparison of the Akaike’s Information Criterion. All
model residuals were furthermore normally distributed.
Since a single regression coefficient cannot be estimated
due to the splines and interactions, the fully adjusted
mean levels with 95% confidence interval (CI) bands of
all CVD risk factors are displayed for each menopausal
status group with age in Fig. 1a–h.
Between ages 29 and 52 mean SBP levels adjusted for
hormonal contraception use, smoking and BMI were significantly lower in the naturally postmenopausal group
compared to the three other menopausal status groups,
as there was no overlap of CIs (Fig. 1a). Compared to
the premenopausal group, fully adjusted SBP levels were
between 2.6 and 4.0 mmHg lower in the naturally postmenopausal group. Similar results were found with the
regression analyses within each age stratum (Additional
file 1: Table S1 displays the regression coefficients with

Table 2 Characteristics per menopausal status group
Premenopausal

Perimenopausal

Naturally postmenopausal

Surgically postmenopausal

n = 39,397

n = 8669

n = 14,514

n = 904

36.9 ± 8.1

45.0 ± 8.1

55.3 ± 7.4

52.7 ± 8.1

Baseline
Age, years
Age range, years

18–60

18–62

18–65

21-65

Current hormonal contraception use

18,526 (47.6)

1938 (22.7)

1787 (12.6)

825 (2.6)

Current smoker

8125 (21.0)

1969 (22.9)

2751 (19.1)

165 (18.4)

Antihypertensive medications

1559 (4.0)

608 (7.0)

2356 (20.3)

182 (20.3)

Lipid-lowering medications

388 (1.0)

178 (2.1)

1222 (8.4)

92 (10.2)

Ever HT use

203 (0.5)a

275 (3.2)

1315 (9.1)

253 (28.4)

BMI, kg/m2

25.2 ± 4.6

26.0 ± 4.9

26.2 ± 4.5

27.3 ± 5.0

SBP, mmHg

119 ± 13

121 ± 14

125 ± 16

126 ± 16

DBP, mmHg

71 ± 9

72 ± 9

73 ± 9

72 ± 9

TC, mmol/L

4.7 ± 0.8

5.0 ± 0.9

5.6 ± 1.0

5.5 ± 1.0

LDL-c, mmol/L

2.9 ± 0.8

3.1 ± 0.8

3.6 ± 0.9

3.5 ± 0.9

HDL-c, mmol/L

1.6 ± 0.4

1.6 ± 0.4

1.7 ± 0.4

1.6 ± 0.4

TG, mmol/L

1.0 ± 0.5

1.0 ± 0.6

1.1 ± 0.6

1.2 ± 0.7

Glucose, mmol/L

4.8 ± 0.6

4.9 ± 0.7

5.0 ± 0.8

5.1 ± 1.0

Outcome

Values given in mean ± SD or n (%)
a
All reported a currently regular cycle
HT hormone replacement therapy, BMI body mass index, SBP systolic blood pressure; DBP diastolic blood pressure, TC total cholesterol, LDL-c low-density lipoprotein
cholesterol, HDL-c high-density lipoprotein cholesterol, TG triglycerides
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Fig. 1 (See legend on next page.)
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Fig. 1 a–h Associations of adjusted cardiovascular risk factors with age per menopausal status group. Cardiovascular risk factor levels were
adjusted for age, oral contraceptive use, smoking status and body mass index. The premenopausal status group comprised a total of 39,379
women, whereas the perimenopausal group comprised 8669 women, the naturally postmenopausal group 14,514 women, and the surgically
postmenopausal group 904 women. a Systolic blood pressure, b Diastolic blood pressure, c Total cholesterol, d LDL-cholesterol, e HDL-cholesterol,
f Glucose, g Triglycerides and h Body mass index

95% CI for the linear regression analyses in each age
stratum for SBP). With regard to chronological aging,
compared to age 45, adjusted SBP levels at age 50 were
between 3.0 to 3.8 mmHg higher on average (Table 3).
No distinct pattern of differences between menopausal
stages within the age bands was observed for DBP
(Fig. 1b, Additional file 1: Table S2). Adjusted DBP levels
in all menopausal status groups were between 0.9 and
1.6 mmHg higher at age 50 compared to age 45 (Table 3).
Fully adjusted mean TC and LDL-c levels were
0.1 mmol/L higher in the perimenopausal group compared to the premenopausal group, and 0.2–0.4 mmol/L
higher in the naturally postmenopausal group compared
to the premenopausal group across the range of 45–55
years, which reached statistical significance (Fig. 1c). Between 37 and 49 years, adjusted TC levels were 0.2–
0.4 mmol/L higher in the surgically postmenopausal
group compared to women in the premenopausal group,
and significantly higher than all three other groups
(Fig. 1c). Between 46 and 55 years, adjusted LDL-c levels
in the peri- and naturally postmenopausal groups were
0.1 and 0.3 mmol/L, respectively. Surgically postmenopausal women had significantly higher adjusted LDL-c
levels than all other women between the ages of 38 and
49. Linear regression analyses within the age strata
echoed these results (Additional file 1: Table S3 and
Table S4). With respect to chronological aging, the average adjusted difference in TC and LDL-c levels between
45 and 50 years ranged from 0.2 to 0.5 and 0.2 to
0.4 mmol/L, respectively (Table 3).
No clear differences were observed in mean adjusted
HDL-c or glucose levels between the menopausal status

groups at all ages (Fig. 1e, f, Additional file 1: Table S5 and
Table S6). Compared to women aged 45 years, mean
adjusted HDL-c and glucose levels were 0.0–0.1 mmol/L
higher at age 50, dependent on menopausal status
group (Table 3).
Fully adjusted mean TG levels were up to 12% higher
in surgically postmenopausal women compared to premenopausal women between the ages 42 and 53.
Between the ages 32 and 52, BMI levels were up to
3.2 kg/m2 higher in surgically postmenopausal compared
to premenopausal women. In these age ranges, TG and
BMI levels were significantly higher in surgically postmenopausal women compared to women in all other
menopausal status groups (Fig. 1 g, h). In contrast, compared to premenopausal women, TG levels were 5–22%
lower in postmenopausal women between the ages of 30
and 48. Similar results were found in the linear regression analyses in each age stratum, although the differences with the surgically postmenopausal group were
not significant, possibly due to lack of power (Additional
file 1: Table S5 and Table S6). At age 50, TG levels were
0.1 mmol/L higher in all menopausal status groups compared to age 45 (Table 3). Adjusted BMI levels were either the same or between 0.1 and 0.4 kg/m2 lower at age
50 compared to age 45, depending on the menopausal
status group (Table 3).
Sensitivity analyses

The sensitivity analyses are summarized for each outcome in Additional files 2, 3, 4, 5, 6, 7, 8 and 9:
Figures S1–Figure S8. First, inclusion of the 5293
women with an age-based reproductive status did not

Table 3 Average absolute differences in adjusted risk factors between women aged 45 and 50 years
Premenopausal

Perimenopausal

Naturally postmenopausal

Surgically menopausal

Difference in adjusted risk factor levels (95% CI) between women aged 45 and 50 years
SBP, mmHg

3.8 (3.6 to 3.9)

3.6 (3.6 to 3.7)

3.7 (3.4 to 4.1)

3.0 (2.5 to 3.5)

DBP, mmHg

0.9 (0.8 to 1.0)

1.0 (1.0 to 1.0)

1.4 (1.2 to 1.6)

1.6 (1.2 to 1.9)

TC, mmol/L

0.2 (0.2 to 0.3)

0.3 (0.3 to 0.3)

0.5 (0.5 to 0.5)

0.2 (0.1 to 0.2)

LDL-c, mmol/L

0.2 (0.2 to 0.2)

0.2 (0.2 to 0.2)

0.4 (0.3 to 0.4)

0.1 (0.0 to 0.1)

HDL-c, mmol/L

0.0 (0.0 to 0.0)

0.1 (0.1 to 0.1)

0.1 (0.1 to 0.1)

0.1 (0.0 to 0.1)

Glucose, mmol/L

0.1 (0.1 to 0.1)

0.0 (0.0 to 0.0)

0.0 (0.0 to 0.1)

0.1 (0.1 to 0.1)

TG, mmol/L

0.1 (0.1 to 0.1)

0.1 (0.1 to 0.1)

0.1 (0.1 to 0.1)

0.1 (0.1 to 0.1)

0.0 (–0.0 to 0.1)

−0.1 (–0.1 to –0.1)

−0.3 (–0.4 to –0.2)

−0.4 (–0.6 to –0.2)

2

BMI, kg/m

SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, LDL-c low-density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol,
TG triglycerides, BMI body mass index
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alter the results. Second, the exclusion of women who
used cholesterol- or blood pressure-lowering medication
(n = 1880 and n = 4705, respectively) also did not alter the
results, although the confidence interval of the surgical
menopause group became wider. Third, excluding 1260
women in the perimenopausal group with an irregular
cycle since several years additionally did not alter the
nature of the results for the perimenopausal group.
Fourth, exclusion of women using hormonal contraception (n = 23,076) and HT (n = 2056) caused an expected widening of the confidence intervals due to
the reduced power. This did not affect the overall results,
with the exception of a more marked difference in TC,
LDL-c and TG levels between young pre- and postmenopausal women (Additional files 4, 5 and 7: Figures S3,
Figure S4 and Figure S6).

Discussion
This study presents a unique view of reproductive aging,
independently of biological aging. We observed an association of CVD risk factors with menopausal status
within several clusters of annual age strata, indicating
that this relationship cannot be explained by the effects
of chronological aging alone. The magnitude of differences in CVD risk factors between menopausal status
groups did vary with age, highlighting the added role of
chronological aging. Based on these results, it seems
likely that both chronological aging and menopausal status contribute to the CVD risk profile of aging women.
Naturally postmenopausal women had lower adjusted
SBP levels across a large age range than pre-, peri or surgically postmenopausal women. Prior reports found a
later reproductive stage to be associated with increased
blood pressure [9, 16, 26], while others reported a lack of
any association after adjustment for age [6, 7, 13, 27, 28].
A longitudinal study in 193 women was the first to detect
a decreased SBP level in post- compared to premenopausal women [29], hypothesizing that a diminishing ovarian reserve exhibits a protective effect on increasing SBP
levels. By design, we cannot confirm this hypothesis,
but our results do contest previous reports of an adverse blood pressure milieu in a peri- and postmenopausal state [9, 16, 26].
Where lipid levels are concerned, previous findings are
less ambiguous and correspond well to our results. LDLc and TC levels are widely thought to be influenced by
the menopausal transition [6] or associated with menopausal status [4, 5, 7, 10, 30–33]. In fact, the approximate difference in LDL-c levels of 11 mg/dL
(0.28 mmol/L) observed by Matthews et al. [6] between
the year preceding and following the final menstrual
period fits well within the range of our observations.
The decrease of estradiol throughout the menopausal
transition may not play a role in this regard, as TC and
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LDL-c levels did not correlate with total or free estradiol
in 99 postmenopausal women [34]. On the other hand,
post-menopausal hormone therapy was associated with a
better lipid profile compared to placebo in a metaanalysis of 28 trials [35]. Another explanation is the reduced activity of LDL-c receptors or lipoprotein lipase
in a postmenopausal state [36, 37].
In our population, differences in LDL-c and TC levels
between menopausal status groups only became evident
after the age of 45, after which LDL-c and TC levels
more sharply increased in the peri- and postmenopausal
groups. While a rapid increase in lipid levels was previously linked to the menopausal transition [4, 6], our results do suggest that chronological aging is equally
involved. Indeed, the adjusted difference in TC and
LDL-c values in the interval of 45–50 years was equal to
the maximum observed differences between the menopausal status groups. It may be possible that, with
increasing age, the availability of compensatory mechanisms to neutralize hyperlipidemia diminishes.
Surgically postmenopausal women, having undergone
a bilateral oophorectomy, had consistently higher BMI
and TG levels than the remaining women in the same
age stratum, the latter even after adjusting for BMI.
Others observed similar results [13, 38–42], with the
odds of becoming obese specifically increasing after bilateral oophorectomy [41]. Interestingly, the adjusted
BMI of pre-, peri- and naturally postmenopausal women
hardly differed throughout the study population, which
is in line with previous findings [38], but at odds with
the observation that the menopausal transition influences fat distribution [15, 32].
For the past two decades, the relationship of menopause with CVD risk factors has been studied extensively through a myriad of ways. As most previous
research was based on smaller study populations, often
with significantly differing ages between pre- and postmenopausal groups, we hope to provide a substantial
contribution to this age-old question with our study. Its
strengths are the use of a large study population, with
the ability to compare menopausal status groups and
CVD risk factors within yearly age strata, over a wide
age range. The protocolled assessment of study parameters and relative lack of missing information limit the
chance of bias. Unfortunately, this was not quite the
case for the classification of menopausal status. It is
likely that some postmenopausal women using hormonal
contraception or HT were classified as premenopausal
due to the report of a regular cycle, and that some premenopausal women with an irregular cycle were wrongly
classified as peri- or postmenopausal [43]. The exclusion
of women using exogenous hormones did not have an
obvious impact on the overall results, with the exception
that the lipid profile of young postmenopausal women
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appeared notably more unfavorable than the other
groups in this analysis. It is possible that this difference
is due to the putative benefits of hormone supplementation in young women in particular [44], or incorrect
classification of premenopausal women using hormonal
contraception as postmenopausal. In order to be considered postmenopausal, women had to report in the questionnaire that they had entered menopause in addition
to reporting an amenorrhea of at least a year, which
makes large-scale misclassification in this category less
likely. Moreover, the finding of very young women with
non-iatrogenic menopause corresponds to our observations in clinical practice and other Dutch cohort studies
and could therefore well be a realistic representation. Finally, due to the small number of women with surgical
menopause, there is insufficient power to separately
compare this group in all yearly strata. However, as this
group of women represents a different clinical entity
than natural menopause, we chose to maintain this
classification.
As this was a cross-sectional study, our observations
are limited to associations without drawing conclusions
on causality. A previous study was able to longitudinally
follow CVD risk factors [6], providing important information on the changes surrounding the menopausal
transition. It is by definition impossible to distinguish
these changes from general aging throughout the menopausal transition in the same participant, however, which
is why our current study provides an important contribution from a different perspective. Although we are
able to confirm previous reports of differences in lipid
parameters based on menopausal status, the clinical implications of the observed differences may be limited. A
reduction of LDL-c of 1.0 mmol/L was associated with a
22% decreased rate of major vascular events in an extensive meta-analysis of individual patient data [45], but this
is difference is 2.5 to 10 times larger than menopauserelated differences in this study or the study by
Matthews et al. [6], and in fact more approximate to the
differences found with 20 years of chronological age. It
may be that the increased risk of cardiovascular events
observed in post-menopausal women, the causality of
which is a matter of debate in itself [11, 12, 46], is mediated through other pathways such as oxidative stress
and inflammation [47]. A previous proposal of lipid
screening of women entering the menopausal transition
[6] may therefore not prove beneficial. That being said,
vigilance of changing lipid parameters in high-risk
women as they pass both biological and reproductive
aging thresholds may be worthwhile.

Conclusions
In conclusion, we observed independent associations
of both age and menopausal status with selected
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CVD risk factors, mainly at the level of lipid metabolism, in a large population-based cohort. The clinical
ramifications of a more unfavorable CVD risk factor
profile with the transition to menopause may be limited, however.

Additional files
Additional file 1: Table S1. Differences (95% CI) in adjusted systolic
blood pressure levels (mmHg) per age stratum, in reference to
premenopausal participants. Table S2. Differences (95% CI) in adjusted
diastolic blood pressure levels (mmHg) per age stratum, in reference to
premenopausal participants. Table S3. Differences (95% CI) in adjusted total
cholesterol levels (mmol/L) per age stratum, in reference to premenopausal
participants. Table S4. Differences (95% CI) in adjusted LDL-cholesterol
levels (mmol/L) per age stratum, in reference to premenopausal participants.
Table S5. Differences (95% CI) in adjusted HDL-cholesterol levels (mmol/L)
per age stratum, in reference to premenopausal participants. Table S6.
Differences (95% CI) in adjusted glucose levels (mmol/L) per age stratum, in
reference to premenopausal participants. Table S7. Proportional differences
(95% CI) in adjusted logtriglyceride levels (mmol/L) per age stratum, in
reference to premenopausal participants. Table S8. Differences (95% CI) in
adjusted BMI levels (kg/m2) per age stratum, in reference to premenopausal
participants. (DOCX 40 kb)
Additional file 2: Figure S1. Sensitivity analyses of associations of
systolic blood pressure with age per menopausal status group. From left
to right: analyses with inclusion of women with missing reproductive
status; analyses with exclusion of women using antihypertensive or lipidlowering drugs; analyses with exclusion of women with an irregular cycle
since several months or years; analyses with exclusion of women using
exogenous hormones. (JPG 337 kb)
Additional file 3: Figure S2. Sensitivity analyses of associations of
diastolic blood pressure with age per menopausal status group. From left
to right: analyses with inclusion of women with missing reproductive
status; analyses with exclusion of women using antihypertensive or lipidlowering drugs; analyses with exclusion of women with an irregular cycle
since several months or years; analyses with exclusion of women using
exogenoushormones. (JPG 640 kb)
Additional file 4: Figure S3. Sensitivity analyses of associations of total
cholesterol with age per menopausal status group. From left to right:
analyses with inclusion of women with missing reproductive status;
analyses with exclusion of women using antihypertensive or lipidlowering drugs; analyses with exclusion of women with an irregular cycle
since several months or years; analyses with exclusion of women using
exogenous hormones. (JPG 350 kb)
Additional file 5: Figure S4. Sensitivity analyses of associations of lowdensity lipoprotein cholesterol with age per menopausal status group.
From left to right: analyses with inclusion of women with missing reproductive
status; analyses with exclusion of women using antihypertensive or lipidlowering drugs; analyses with exclusion of women with an irregular cycle
since several months or years; analyses with exclusion of women using
exogenous hormones. (JPG 352 kb)
Additional file 6: Figure S5. Sensitivity analyses of associations of highdensity lipoprotein cholesterol with age per menopausal status group.
From left to right: analyses with inclusion of women with missing reproductive
status; analyses with exclusion of women using antihypertensive or lipidlowering drugs; analyses with exclusion of women with an irregular cycle
since several months or years; analyses with exclusion of women using
exogenous hormones. (JPG 640 kb)
Additional file 7: Figure S6. Sensitivity analyses of associations of
glucose with age per menopausal status group. From left to right:
analyses with inclusion of women with missing reproductive status;
analyses with exclusion of women using antihypertensive or lipidlowering drugs; analyses with exclusion of women with an irregular cycle
since several months or years; analyses with exclusion of women using
exogenous hormones. (JPG 345 kb)

de Kat et al. BMC Medicine (2017) 15:2

Additional file 8: Figure S7. Sensitivity analyses of associations of
triglycerides with age per menopausal status group. From left to right: analyses
with inclusion of women with missing reproductive status; analyses with
exclusion of women using antihypertensive or lipid-lowering drugs; analyses
with exclusion of women with an irregular cycle since several months or years;
analyses with exclusion of women using exogenous hormones. (JPG 324 kb)
Additional file 9: Figure S8. Sensitivity analyses of associations of body
mass index with age per menopausal status group. From left to right:
analyses with inclusion of women with missing reproductive status;
analyses with exclusion of women using antihypertensive or lipidlowering drugs; analyses with exclusion of women with an irregular cycle
since several months or years; analyses with exclusion of women using
exogenous hormones. (JPG 315 kb)
Abbreviations
BMI: Body mass index; CI: Confidence interval; CVD: Cardiovascular disease;
DBP: Diastolic blood pressure; HDL-c: High-density lipoprotein cholesterol;
LDL-c: Low-density lipoprotein cholesterol; SBP: Systolic blood pressure;
TC: Total cholesterol; TG: Triglyceride
Acknowledgements
The authors wish to acknowledge the services of the LifeLines Cohort Study,
the contributing research centers delivering data to LifeLines, and all study
participants.
Funding
The LifeLines Cohort Study, and generation and management of GWAS genotype
data for the Lifelines Cohort Study is supported by the Netherlands Organization
of Scientific Research NWO (grant 175.010.2007.006), the Ministry of Economic
Affairs, the Ministry of Education, Culture and Science, the Ministry for Health,
Welfare and Sports, the Northern Netherlands Collaboration of Provinces (SNN),
the Province of Groningen, University Medical Center Groningen, the University of
Groningen, Dutch Kidney Foundation and Dutch Diabetes Research Foundation.
No financial support was requested or received for the current study.
Authors’ contributions
YTvdS, NCO-M and MJCE designed the study. ACdK analyzed the data. ACdK,
VD, NCO-M, MJCE, FJMB, and YTvdS interpreted the data. ACdK wrote the
first draft of the manuscript, which was revised by all authors. All authors
approved the final version of the submitted manuscript. All authors had full
access to all of the data (including statistical reports and tables) in the study
and can take responsibility for the integrity of the data and the accuracy of
the data analysis. ACdKD is a guarantor.
Competing interests
All authors declare no support from any organization for the submitted
work. FJMB has received fees and grant support from Merck Serono, Gedeon
Richter, Ferring BV, and Roche. ACdK, VD, NCO-M, MJCE, and YTvdS have no
financial relationships with any organization that might have an interest in
the submitted work in the previous 3 years; all authors have no other relationships
or activities that could appear to have influenced the submitted work.
Ethics approval and consent to participate
Ethical approval was granted by the medical ethics committee of University
Medical Center Groningen.
Data sharing
In liaison with LifeLines.
Transparency
The lead authors affirm that the manuscript is an honest, accurate, and
transparent account of the study being reported; that no important aspects
of the study have been omitted; and that any discrepancies from the study
as planned have been explained.
Author details
1
Department of Reproductive Medicine and Gynecology, University Medical
Center Utrecht, Heidelberglaan 100, Utrecht 3508 GA, The Netherlands.
2
Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Heidelberglaan 100, Utrecht 3508 GA, The Netherlands.

Page 10 of 11

Received: 30 August 2016 Accepted: 30 November 2016

References
1. van der Schouw YT, van der Graaf Y, Steyerberg EW, Eijkemans JC,
Banga JD. Age at menopause as a risk factor for cardiovascular
mortality. Lancet. 1996;347(9003):714–8.
2. Lisabeth LD, Beiser AS, Brown DL, Murabito JM, Kelly-Hayes M, Wolf PA. Age
at natural menopause and risk of ischemic stroke: the Framingham heart
study. Stroke. 2009;40(4):1044–9.
3. El Khoudary SR, Santoro N, Chen HY, Tepper PG, Brooks MM, Thurston RC,
et al. Trajectories of estradiol and follicle-stimulating hormone over the
menopause transition and early markers of atherosclerosis after menopause.
Eur J Prev Cardiol. 2016;23(7):694–703.
4. Auro K, Joensuu A, Fischer K, Kettunen J, Salo P, Mattsson H, et al. A
metabolic view on menopause and ageing. Nat Commun. 2014;5:4708.
5. Peters HW, Westendorp IC, Hak AE, Grobbee DE, Stehouwer CD, Hofman A,
et al. Menopausal status and risk factors for cardiovascular disease. J Intern
Med. 1999;246(6):521–8.
6. Matthews KA, Crawford SL, Chae CU, Everson-Rose SA, Sowers MF,
Sternfeld B, et al. Are changes in cardiovascular disease risk factors in
midlife women due to chronological aging or to the menopausal
transition? J Am Coll Cardiol. 2009;54(25):2366–73.
7. Kuh D, Langenberg C, Hardy R, Kok H, Cooper R, Butterworth S, et al.
Cardiovascular risk at age 53 years in relation to the menopause transition
and use of hormone replacement therapy: a prospective British birth cohort
study. BJOG. 2005;112(4):476–85.
8. Casiglia E, Tikhonoff V, Boschetti G, Giordano N, Mazza A, Caffi S, et al.
Arterial stiffness and related variables across menopausal status: an
epidemiologic study. J Womens Health (Larchmt). 2013;22(1):75–84.
9. Son MK, Lim NK, Lim JY, Cho J, Chang Y, Ryu S, et al. Difference in blood
pressure between early and late menopausal transition was significant in
healthy Korean women. BMC Womens Health. 2015;15:64.
10. Anagnostis P, Stevenson JC, Crook D, Johnston DG, Godsland IF. Effects of
menopause, gender and age on lipids and high-density lipoprotein
cholesterol subfractions. Maturitas. 2015;81(1):62–8.
11. Atsma F, Bartelink ML, Grobbee DE, van der Schouw YT. Postmenopausal
status and early menopause as independent risk factors for cardiovascular
disease: a meta-analysis. Menopause. 2006;13(2):265–79.
12. Vaidya D, Becker DM, Bittner V, Mathias RA, Ouyang P. Ageing, menopause,
and ischaemic heart disease mortality in England, Wales, and the United
States: modelling study of national mortality data. BMJ. 2011;343:d5170.
13. Appiah D, Schreiner PJ, Bower JK, Sternfeld B, Lewis CE, Wellons MF. Is
surgical menopause associated with future levels of cardiovascular risk
factor independent of antecedent levels? The CARDIA Study. Am J
Epidemiol. 2015;182(12):991–9.
14. Bittner V. Menopause, age, and cardiovascular risk: a complex relationship.
J Am Coll Cardiol. 2009;54(25):2374–5.
15. Sowers M, Zheng H, Tomey K, Karvonen-Gutierrez C, Jannausch M, Li X, et al.
Changes in body composition in women over six years at midlife: ovarian and
chronological aging. J Clin Endocrinol Metab. 2007;92(3):895–901.
16. Zanchetti A, Facchetti R, Cesana GC, Modena MG, Pirrelli A, Sega R, et al.
Menopause-related blood pressure increase and its relationship to age and body
mass index: the SIMONA epidemiological study. J Hypertens. 2005;23(12):2269–76.
17. Stolk RP, Rosmalen JG, Postma DS, de Boer RA, Navis G, Slaets JP, et al.
Universal risk factors for multifactorial diseases: LifeLines: a three-generation
population-based study. Eur J Epidemiol. 2008;23(1):67–74.
18. Scholtens S, Smidt N, Swertz MA, Bakker SJ, Dotinga A, Vonk JM, et al.
Cohort Profile: LifeLines, a three-generation cohort study and biobank. Int J
Epidemiol. 2015;44(4):1172–80.
19. Freeman EW, Sammel MD, Lin H, Boorman DW, Gracia CR. Contribution of the
rate of change of antimullerian hormone in estimating time to menopause for
late reproductive-age women. Fertil Steril. 2012;98(5):1254–9. e1-2.
20. Soules MR, Sherman S, Parrott E, Rebar R, Santoro N, Utian W, et al. Stages
of Reproductive Aging Workshop (STRAW). J Womens Health Gend Based
Med. 2001;10(9):843–8.
21. Slagter SN, van Vliet-Ostaptchouk JV, Vonk JM, Boezen HM, Dullaart RP,
Kobold AC, et al. Combined effects of smoking and alcohol on metabolic
syndrome: the LifeLines cohort study. PLoS One. 2014;9(4):e96406.
22. Gurrin LC, Scurrah KJ, Hazelton ML. Tutorial in biostatistics: spline smoothing
with linear mixed models. Stat Med. 2005;24(21):3361–81.

de Kat et al. BMC Medicine (2017) 15:2

23. Roshani D, Ghaderi E. Comparing smoothing techniques for fitting
the nonlinear effect of covariate in Cox models. Acta Inform Med.
2016;24(1):38–41.
24. Zhang Z. Multiple imputation with multivariate imputation by chained
equation (MICE) package. Ann Transl Med. 2016;4(2):30.
25. Clavel-Chapelon F. E3N-EPIC Group. Differential effects of reproductive
factors on the risk of pre- and postmenopausal breast cancer. Results from
a large cohort of French women. Br J Cancer. 2002;86(5):723–7.
26. Staessen J, Bulpitt CJ, Fagard R, Lijnen P, Amery A. The influence of
menopause on blood pressure. J Hum Hypertens. 1989;3(6):427–33.
27. Casiglia E, d'Este D, Ginocchio G, Colangeli G, Onesto C, Tramontin P, et al.
Lack of influence of menopause on blood pressure and cardiovascular risk
profile: a 16-year longitudinal study concerning a cohort of 568 women.
J Hypertens. 1996;14(6):729–36.
28. Portaluppi F, Pansini F, Manfredini R, Mollica G. Relative influence of
menopausal status, age, and body mass index on blood pressure.
Hypertension. 1997;29(4):976–9.
29. van Beresteyn EC, Hof MA v t, De Waard H. Contributions of ovarian failure
and aging to blood pressure in normotensive perimenopausal women: a
mixed longitudinal study. Am J Epidemiol. 1989;129(5):947–55.
30. Bonithon-Kopp C, Scarabin PY, Darne B, Malmejac A, Guize L. Menopauserelated changes in lipoproteins and some other cardiovascular risk factors.
Int J Epidemiol. 1990;19(1):42–8.
31. de Aloysio D, Gambacciani M, Meschia M, Pansini F, Bacchi Modena A, Bolis PF,
et al. The effect of menopause on blood lipid and lipoprotein levels. The Icarus
Study Group. Atherosclerosis. 1999;147(1):147–53.
32. Abdulnour J, Doucet E, Brochu M, Lavoie JM, Strychar I, Rabasa-Lhoret R, et
al. The effect of the menopausal transition on body composition and
cardiometabolic risk factors: a Montreal-Ottawa New Emerging Team group
study. Menopause. 2012;19(7):760–7.
33. He L, Tang X, Li N, Wu YQ, Wang JW, Li JR, et al. Menopause with
cardiovascular disease and its risk factors among rural Chinese women in
Beijing: a population-based study. Maturitas. 2012;72(2):132–8.
34. Chen Y, Zeleniuch-Jacquotte A, Arslan AA, Wojcik O, Toniolo P, Shore RE, et
al. Endogenous hormones and coronary heart disease in postmenopausal
women. Atherosclerosis. 2011;216(2):414–9.
35. Casanova G, Bossardi Ramos R, Ziegelmann P, Spritzer PM. Effects of lowdose versus placebo or conventional-dose postmenopausal hormone
therapy on variables related to cardiovascular risk: a systematic review and
meta-analyses of randomized clinical trials. J Clin Endocrinol Metab.
2015;100(3):1028–37.
36. Arca M, Vega GL, Grundy SM. Hypercholesterolemia in postmenopausal
women. Metabolic defects and response to low-dose lovastatin. JAMA.
1994;271(6):453–9.
37. Ferrara CM, Lynch NA, Nicklas BJ, Ryan AS, Berman DM. Differences in
adipose tissue metabolism between postmenopausal and perimenopausal
women. J Clin Endocrinol Metab. 2002;87(9):4166–70.
38. Matthews KA, Abrams B, Crawford S, Miles T, Neer R, Powell LH, et al. Body
mass index in mid-life women: relative influence of menopause, hormone
use, and ethnicity. Int J Obes Relat Metab Disord. 2001;25(6):863–73.
39. Dorum A, Tonstad S, Liavaag AH, Michelsen TM, Hildrum B, Dahl AA.
Bilateral oophorectomy before 50 years of age is significantly associated
with the metabolic syndrome and Framingham risk score: a controlled,
population-based study (HUNT-2). Gynecol Oncol. 2008;109(3):377–83.
40. Sutton-Tyrrell K, Zhao X, Santoro N, Lasley B, Sowers M, Johnston J, et al.
Reproductive hormones and obesity: 9 years of observation from the
Study of Women’s Health Across the Nation. Am J Epidemiol. 2010;
171(11):1203–13.
41. Gibson CJ, Thurston RC, El Khoudary SR, Sutton-Tyrrell K, Matthews KA. Body
mass index following natural menopause and hysterectomy with and
without bilateral oophorectomy. Int J Obes (Lond). 2013;37(6):809–13.
42. McCarthy AM, Menke A, Visvanathan K. Association of bilateral
oophorectomy and body fatness in a representative sample of US women.
Gynecol Oncol. 2013;129(3):559–64.
43. Harlow SD, Lin X, Ho MJ. Analysis of menstrual diary data across the
reproductive life span applicability of the bipartite model approach and the
importance of within-woman variance. J Clin Epidemiol. 2000;53(7):722–33.
44. Hodis HN, Mack WJ. The timing hypothesis and hormone replacement
therapy: a paradigm shift in the primary prevention of coronary heart
disease in women. Part 1: comparison of therapeutic efficacy. J Am Geriatr
Soc. 2013;61(6):1005–10.

Page 11 of 11

45. Cholesterol Treatment Trialists’ (CTT) Collaboration, Baigent C, Blackwell L,
Emberson J, Holland LE, Reith C, et al. Efficacy and safety of more intensive
lowering of LDL cholesterol: a meta-analysis of data from 170,000
participants in 26 randomised trials. Lancet. 2010;376(9753):1670–81.
46. Kim C, Cushman M, Khodneva Y, Lisabeth LD, Judd S, Kleindorfer DO, et al.
Risk of incident coronary heart disease events in men compared to women
by menopause type and race. J Am Heart Assoc. 2015;4(7):e001881.
47. Moreau KL, Hildreth KL. Vascular aging across the menopause transition in
healthy women. Adv Vasc Med. 2014;2014:204390.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

