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Unravelling the associations of age and menopause with 
cardiovascular risk factors in a large population-based study

A C de Kat, V Dam, N C Onland-Moret, M J C Eijkemans, F J M Broekmans, Y T van der Schouw

Published in BMC Medicine, 2017; 15(1):2 
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2.1

Age stratum Premenopausal Perimenopausal Naturally post-
menopausal

Surgically post-
menopausal

Total

18 726 32 1 0

19 19 2 0

20 3 0

21 638 29 8 1 676

22 4 0 709

23 670 7 0 727

24 704 14 0 769

25 813 79 10 0 902

26 1138 119 26 1 1284

27 1064 120 0 1209

28 982 101 19 0 1102

29 971 119 19 1 1110

30 107 27 0 1084

31 116 28 2 1141

32 1028 119 42 3 1192

33 1070 110 32 1 1213

34 1118 99 39 2
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Age stratum Premenopausal Perimenopausal Naturally post-
menopausal

Surgically post-
menopausal

Total

35 113 1 1319

36 138 70 1448

37 1369 134 83 8

38 1464 63 6 1678

39 1606 108 1882

40 1731 187 7 2020

41 1796 119 11 2171

42 1860 248 121 16

43 1783 22 2292

44 1781 380 137 19 2317

45 1740 490 28

46 208 40 2360

47 1489 290 39 2477

48 1337 743 392 43

49 1148 788 61

50 898 703 2447

51 467 691 37 1760

52 134 233 464 18 849

53 69 169 22 816

54 123 32

55 29 62 802 24 917

56 14 32 886 23

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

62 0 1 817 870

63 0 0 821 37

64 0 0 790 48 808

65 0 0 84 140

Total 39397 8669 14514 904 63466
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27

Premenopausal
n = 39,397

Perimenopausal
n = 8,669

-
menopausal
n = 14,514

-
menopausal
n = 904

Baseline

18-60 18-62

a

Outcome
2

119 ± 13 121 ± 14 126 ± 16

71 ± 9 72 ± 9 73 ± 9 72 ± 9

a
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Premenopausal Perimenopausal Naturally Post-
menopausal

Surgically meno-
pausal

SBP (mm Hg)

DBP (mm Hg)

TC (mmol/L)

LDL-c (mmol/L)

HDL-c (mmol/L)

Glucose (mmol/L)

TG (mmol/L)

BMI (kg/m2)

Discussion
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Appendix 1
Systolic blood pressure

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49
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39

Diastolic blood pressure

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49
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Total cholesterol

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49
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41

LDL-cholesterol

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49
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HDL-cholesterol

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49
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43

Glucose -

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49
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logTriglyceride

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49
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2.1

BMI 2

Age 
(years)

Premenopausal 
(reference)

Perimenopausal Naturally postmenopausal Surgically meno-
pausal

36

37

38

39

40

41

42

43

44

46

47

48

49

-
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Appendix 2: Figure S1

Appendix 3: Figure S2
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Appendix 4: Figure S3

Appendix 5: Figure S4
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Appendix 6: Figure S5

Appendix 7: Figure S6
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Appendix 8: Figure S7

Appendix 9: Figure S8 
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Association of menopausal characteristics and risk of coronary 
heart disease: a pan-European case-cohort analysis

V Dam, Y T van der Schouw, N C Onland-Moret, R H H Groenwold, S A E Peters, S 

Burgess, A M Wood, M Chirlaque, K G M Moons, C Oliver-Williams, E Schuit, K 

Tikk, E Weiderpass, M Holm, A Tjønneland, T Kühn, R T Fortner, A Trichopoulou, A 

Karakatsani, C La Vecchia, P Ferrari, M Gunter, G Masala, S Sieri, R Tumino, S Panico, 

J M A Boer, W M M Verschuren, E Salamanca-Fernández, L Arriola, C Moreno-Iribas, 

G Engström, O Melander, M Nordendahl, P Wennberg, T J Key, S Colorado-Yohar, 

G Matullo, K Overvad,  F Clavel-Chapelon, H Boeing, J R Quiros, E di Angelanto-
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High blood pressure (History)
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Age at menopause (years)c /
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BMI
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Hypertension
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HDL cholesterol

Non-HDL cholesterol



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 125PDF page: 125PDF page: 125PDF page: 125

2.5

No PCOS PCOS

Age at menarche

Irregular cycle

Menopausal status
 

CHD Stroke

Model 4†

Model 5‡

Model 6††



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 126PDF page: 126PDF page: 126PDF page: 126

126

Chapter 2.5

CHD Stroke

Model 4†

Model 5‡

Model 6††

Discussion



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 127PDF page: 127PDF page: 127PDF page: 127

2.5

127



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 128PDF page: 128PDF page: 128PDF page: 128

128

Chapter 2.5



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 129PDF page: 129PDF page: 129PDF page: 129

2.5

129

References

19

et al.

25

18

et al.

16

et al.

95

et al.

7

et al.

17

 

176

et al.

87

et al.

9

et al.

17

et al.

39

et al.

53

45



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 130PDF page: 130PDF page: 130PDF page: 130

130

Chapter 2.5

et al.

6

PHN2002439

et al.

97

et al.

91

et al.

94

et al.

6

ncomms9464



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 131PDF page: 131PDF page: 131PDF page: 131

2.5

131



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 132PDF page: 132PDF page: 132PDF page: 132



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 133PDF page: 133PDF page: 133PDF page: 133

PART TWO



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 134PDF page: 134PDF page: 134PDF page: 134



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 135PDF page: 135PDF page: 135PDF page: 135

Cardiovascular risk prediction models for women in the general 
population: a systematic review

CHAPTER 3.1



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 136PDF page: 136PDF page: 136PDF page: 136

136

Chapter 3.1

Abstract
Background: 

Methods

Results:

Conclusions



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 137PDF page: 137PDF page: 137PDF page: 137

3.1

137

Methods

et al

et al

et al

et al



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 138PDF page: 138PDF page: 138PDF page: 138

138

Chapter 3.1

women
-

Sex-predictor model

-

-

et al

et al



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 139PDF page: 139PDF page: 139PDF page: 139

3.1

139

et al



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 140PDF page: 140PDF page: 140PDF page: 140

140

Chapter 3.1

Results

et al



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 141PDF page: 141PDF page: 141PDF page: 141

3.1

141

Year 1967 – 1990 1991 - 2000 2001 – 2010 2011 - 2017 Total



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 142PDF page: 142PDF page: 142PDF page: 142

142

Chapter 3.1



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 143PDF page: 143PDF page: 143PDF page: 143

3.1

143



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 144PDF page: 144PDF page: 144PDF page: 144

144

Chapter 3.1

1
2

3
4

6
7

8
9

Po
ol

ed
 

-
-

in
g-

ha
m

-
in

g-
ha

m
-

in
g-

ha
m

-
in

g-
ha

m

Co
nr

oy
 

20
03

20
13

20
08

An
de

rs
on

 
19

91
AT

P 
III

 2
00

2
19

91
An

de
rs

on
 

19
91

20
07

26
27

16
28

6
1

0

37
34

36
20

14
14

13
6

As
ia

8
7

8
10

1
1

1
1

0

4
0

1
1

10
1

0
1

0

43
20

7
22

28
3

9
8

6

8
32

34
13

1
24

10
4

0

A
ge

40
40

40
40

74
79

79
74

82
99

64
74

M
ed

ia
n 

# 
of

:

42
18

26
13

37
16

30
14

21
3

14
6

86
38

4
16

0



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 145PDF page: 145PDF page: 145PDF page: 145

3.1

Pe
rf

or
m

an
ce



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 146PDF page: 146PDF page: 146PDF page: 146

146

Chapter 3.1



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 147PDF page: 147PDF page: 147PDF page: 147

3.1

147

Model – study name Author - Year Number of 
separate 
models

< 10 predic-
tors

Full 
regression 
formula

Risk 
Chart

Online 
calcula-
tor

Anderson 1991a 12

2

-- Assmann 2007 2

2

Conroy 2003 6

2

ATP II 1

-- 2

1

- 1

2007
1

2008
2

2010
1

-- 1

Pencina 2009 1

-- 1

1

1

Discussion



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 148PDF page: 148PDF page: 148PDF page: 148

148

Chapter 3.1



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 149PDF page: 149PDF page: 149PDF page: 149

3.1

149



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 150PDF page: 150PDF page: 150PDF page: 150

Chapter 3.1

Acknowledgements

1 2

Budde2 6 4

4 1 7

2 1

2 2 9

2 10 6 4

2 2 6

2 2 4

1

2

3

4

6

7

8

9

10



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 151PDF page: 151PDF page: 151PDF page: 151

3.1

References
325

et al.

12

135

97

et al.

113

et al.

111

et al.

51

65

et al.

241

et al.

137

et al.

353

et al.

63

et al.

37

et al.



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 152PDF page: 152PDF page: 152PDF page: 152

Chapter 3.1

et al.

11

et al.

139

et al.

133

et al.

 

11

et al.

57

et al.

355

et al.

 

67

et al.

17

0330-8

et al.

 

67

et al.

162

et al.

123



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 153PDF page: 153PDF page: 153PDF page: 153

3.1

Appendix 1

First author, publi- Number 
of models or sex-predictor

1

3

1

7 -

1 -

1

1 -

1

4 -

6

-

2

1 -

2013

2017
3

2

1

1 -

1

4 -

1

1 -

1

1 -

1

1



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 154PDF page: 154PDF page: 154PDF page: 154

Chapter 3.1

First author, publi- Number 
of models or sex-predictor

2 -

6

2

2 -

4 -

1 -

1

1 -

1

3 -

2

1

1

3 -

1

2014
1 -

1

2 -

2

1 -

2 -

1 -



526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam526214-L-sub01-bw-Dam
Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018Processed on: 15-11-2018 PDF page: 155PDF page: 155PDF page: 155PDF page: 155

3.1

Author, year model 

Anderson - 1991

ATP III - 2002

Conroy - 2003

Counsell - 2002
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CHADS2 Gage - 2001
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CBC Score Horne - 2009

-
many

CHA2DS2 - VASC

2007

Pencina - 2009

Simons - 2003

Van Dis - 2010
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