
Impact of hysterectomy  
and levonorgestrel-releasing  
intrauterine system on  
ovarian function, bone and  
sexual health in  
menorrhagic patients

Karoliina Halmesmäki
University of Helsinki 2007

ISBN 978-952-92-0916-3 (sid.)
ISBN 978-952-10-3384-1 (PDF) 

Yliopistopaino
Helsinki, 2007
Finland



Department of faculty of meDicine

university of Helsinki

Impact of hysterectomy and  
levonorgestrel-releasing intrauterine system  

on ovarian function, bone and sexual  
health in menorrhagic patients

Karoliina Halmesmäki

Doctoral DIssertatIon
to be presented, 

 with permission of the Faculty of Medicine  
of the University of Helsinki,  

for public examination in Folkhälsan,  
University of Helsinki, on 25 May 2007 at noon.

University of Helsinki
Helsinki University central Hospital

Department of obstetrics and Gynaecology



Su�perviSed�by�

Professor Jorma Paavonen 
Department of Obstetrics and Gynaecology 
University of Helsinki, Finland 
 
Docent Ritva Hurskainen 
Department of Obstetrics and Gynaecology 
University of Helsinki, Finland, and 
National Research and Development Centre for Welfare and Health (STAKES) 
Helsinki, Finland

re�viewed�by�

Professor Juha Mäkinen 
Department of Obstetrics and Gynaecology 
University of Turku, Finland 
 
Professor Juha Tapanainen 
Department of Obstetrics and Gynaecology 
University of Oulu, Finland

Of�ficial�OppOnent�

Professor Seppo Heinonen 
Department of Obstetrics and Gynaecology 
University of Kuopio, Finland



To my loved ones



contents
Page
13 List of original publications
15 Abbreviations
17 Abstract
21 1. Introduction
25 2. Review of the literature
27 2.1 Menorrhagia
27 2.1.1 Definition
27 2.1.2 Epidemiology and impact on health
27 2.1.3 Treatment
28 2.1.3.1 Medical
29 2.1.3.2 Surgical
29 2.2  Levonorgestrel-releasing  

intrauterine system (LNG-IUS)
29 2.2.1 In menorrhagia
29 2.2.2 Ovarian function
30 2.2.3 Bone mineral density (BMD)
30 2.2.4 Sexual functioning
30 2.3 Hysterectomy
30 2.3.1 In menorrhagia
30 2.3.2 Ovarian function
31 2.3.3 BMD
31 2.3.4 Sexual functioning
31 2.4 Ovarian function
32 2.4.1 General factors
32 2.4.2 Behavioural factors
33 2.4.3 Ovarian circulation
33 2.4.4 Measuring ovarian function
34 2.5 BMD
34 2.5.1 BMD and women’s health 

34 2.5.2 Measuring bone mineral density
35 2.6 Sexuality
35 2.6.1 Women’s sexuality
35 2.6.2 Measuring sexual functioning
37 3. Objectives of the study
41 4. Patients and methods
43 4.1 Study protocol and patients
43 4.2  Treatment of menorrhagia  

with hysterectomy or LNG-IUS
44 4.3 End point parameters
44 4.3.1 Ovarian function
45 4.3.2 BMD
45 4.3.3 Sexual functioning
45 4.4 Statistical analyses
47 5. Results
49 5.1 Ovarian function (Studies I and II)
51 5.2 BMD (Study III)
53 5.3 Sexual functioning (Study IV)
55 6. Discussion
57 6.1 Methodological aspects
57 6.2  Ovarian function when  

treating menorrhagia
59 6.3 BMD when treating menorrhagia
60 6.4  Sexual functioning when  

treating menorrhagia
63 7. Future prospects
67 8. Conclusions
71 9. Summary in Finnish
75 10. Acknowledgements
79 11.References



13

list of original publications

This thesis is based on the following articles,  
which are referred in the text by their Roman numerals I – IV:

I  Halmesmäki K, Hurskainen R, Tiitinen A, Teperi J, Grenman S, Kivelä A,  
Kujansuu E, Yliskoski M, Paavonen J. A randomized controlled trial of hysterectomy 
or levonorgestrel-releasing intrauterine system in the treatment of menorrhagia   
– effect on FSH levels and menopausal symptoms. Hum Reprod, 19:378-382, 2004.

II  Halmesmäki KH, Hurskainen RA, Cacciatore B,  
Tiitinen A, Paavonen JA. Effect of hysterectomy or LNG-IUS on serum  
inhibin B levels and ovarian blood flow. Maturitas, 2007, in press.

III   Halmesmäki KH, Paavonen JA, Tuppurainen MT, Hurskainen RA.  
Randomized controlled trial of the effect of hysterectomy or LNG-IUS use on  
bone mineral density: a five-year follow-up. Therapy, 3:509 – 515, 2006.

IV  Halmesmäki K, Hurskainen R, Teperi J, Grenman S, Kivelä A, Kujansuu E,  
Tuppurainen M, Yliskoski M, Vuorma S, Paavonen J. The effect of hysterectomy or 
levonorgestrel-releasing intrauterine system on sexual functioning among menorrhagia 
patients – a five-year randomised controlled trial. BJOG, 114:563 – 568, 2007.

These articles have been reprinted with the kind permission of their copyright holders.  



15

abbreviations

 
AFC ...................Antral follicle count
AMH ................Anti-Müllerian hormone
BMD ................Bone mineral density
BMI ...................Body mass index
CI ........................Confidence interval
DXA ..................Dual-energy x-ray absorptiometry
ET .......................Oestrogen therapy
FSH ...................Follicle-stimulating hormone
LH ......................Luteinising hormone
LNG .................Levonorgestrel
LNG-IUS .....Levonorgestrel-releasing intrauterine system
MBL .................Menstrual blood loss
NS.......................Not significant
NSAID ...........Non-steroidal anti-inflammatory drug
OR .....................Odds ratio
PI .........................Pulsatility index 
SD.......................Standard deviation
SE ........................Standard error
SHBG ..............Sex hormone binding globulin
TVS ...................Transvaginal sonography
VI ........................Vascularisation index
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the� ‘vuOKKO’ trial consisted of 236 women referred and 
randomised due to menorrhagia in the five university hos-
pitals of Finland between November 1994 and November 
1997. Of these women, 117 were randomised to hysterecto-
my and 119 to use levonorgestrel-releasing intrauterine sys-
tem (LNG-IUS) to treat this complaint. Their follow-up vis-
its took place six and twelve months after the treatment and 
five years after the randomisation. The first aim in the prima-
ry trial was quality-of-life and monetary aspects, and secondly 
in the present study to compare ovarian function, bone min-
eral density (BMD) and sexual functioning after these two 
treatment options.

Ovarian function seemed to decrease after hysterectomy, 
demonstrated by increased hot flashes and serum follicle-
stimulating hormone concentrations twelve months after the 
operation. Such an increase was not seen among LNG-IUS 
users. The pulsatility index of intraovarian arteries measured 
by two-dimensional ultrasound decreased in the hysterecto-
my group, but not in the LNG-IUS group. The decrease in 
serum inhibin B concentrations was similar in both groups, 
while ovarian artery circulation remained unchanged. 

BMD of the women measured by dual x-ray absorptiom-
etry (DXA) at the lumbar spine and femoral neck at base-
line and at five years after treatment showed BMD decrease 
at the lumbar spine among hysterectomised women, but not 

among LNG-IUS users. In both groups, BMD at the femo-
ral neck had decreased. Differences between the groups were 
not, however, significant. 

Sexual functioning assessed by McCoy’s sexual scale showed 
that sexual satisfaction as well as intercourse frequency had 
increased and sexual problems decreased among hysterec-
tomised women six months after treatment. Among LNG-
IUS users, sexual satisfaction and sexual problems remained 
unchanged. Although, the two groups did not differ in terms 
of sexual satisfaction or sexual problems at one-year and five-
year follow-ups, LNG-IUS users were less satisfied with their 
partners than hysterectomised women. ■

Abstract
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heavy�cyclical menstrual bleeding over several cycles is 
known as menorrhagia. Menorrhagia influences the lives of 
nearly one-third of women (Shapley et al. 2004), decreasing 
quality of life and causing sick days (Jones et al. 2002), and 
therefore, needs to be treated. Several treatment options ex-
ist today, of which hysterectomy and levonorgestrel-releasing 
intrauterine system (LNG-IUS) are effective and well-known 
by both physicians and patients (Hurskainen et al. 2001, 
Hurskainen et al. 2004, Marjoribanks et al. 2006). A Finn-
ish ‘VuoKKo’ study commenced in 1994 aiming to compare 
quality of life and costs after hysterectomy or after LNG-IUS. 
It concluded that five years after the randomisation, the treat-
ments had a similar impact on quality of life, but LNG-IUS 
was 40% less expensive (Hurskainen et al. 2004). The effect 
of these treatment options on other aspects of health was still 
to be elucidated. Therefore this study was originated. 

Hysterectomy is irreversible and removal of the uterus may 
have long-term effects on ovarian function, since in hysterec-
tomised women menopausal symptoms seem to appear earli-
er  (Farquhar et al. 2005, Hartmann et al. 1995, Oldenhave et 
al. 1993, Stadberg et al. 2000). Previous results have, howev-
er, been controversial and no definite conclusions could have 

been drawn (Chalmers et al. 2002, Gallicchio et al. 2006, Vir-
tanen et al. 1993). LNG-IUS, in turn, is considered to have 
only small effect on ovarian function, as the majority of the 
cycles are ovulatory (Barbosa et al. 1990, Nilsson et al. 1984). 
However, if either of the treatments impaired ovarian func-
tion, it is possible that other oestrogen dependent alterations, 
like in bone health and sexual functioning (Gonzalez et al. 
2004, Guthrie et al. 2004), would also appear.

Consequently, objective of this study was to evaluate the 
influence of these two treatment options of menorrhagia on 
ovarian function, bone mineral density (BMD) and sexual 
functioning. ■

1. Introduction
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2.1�MenOrrhagia,�

2.1.1�definitiOn

Heavy menstrual bleeding over several consecutive cycles is 
known as menorrhagia. It is caused by a systemic, local or 
iatrogenic disorder. Systemic disorders comprise altered thy-
roid function, and hemostatic disease, whereas local disorders 
include uterine causes, such as adenomyosis, large fibroids 
or polyps. Iatrogenic disorders result from different medica-
tions. In half of all menorrhagia cases, no pathological cause 
is found, and the excessive bleeding is termed essential men-
orrhagia. Abnormal uterine bleeding refers to a wide range 
of gynaecological bleeding problems, such as amenorrhoea, 
oligomenorrhoea, metrorrhagia and menorrhagia (Rees and 
Hope. 2006). As the nomenclature is extensive, care should 
be taken with use of definitions. In this study menorrhagia 
means cyclic, heavy menstrual bleeding.

Menorrhagia is defined as menstrual blood loss (MBL) of 
over 80 mL per period. This has been an accepted threshold 
value, as the average MBL is 30 – 40 mL per period, and on-
ly one out of ten women has an MBL exceeding 80 mL. Fur-
thermore, an MBL of over 80 mL has been found to be asso-
ciated with iron deficiency anaemia (Oehler and Rees. 2003). 
However, recently, Warner et al. (2004b) reported that iron 
status is not compromised and pathological findings do not 
occur more frequently at an MBL between 50 and 119 mL 
(Warner et al. 2004b). Moreover, the limit of MBL of 80 mL 
per period does not take into account the bleeding pattern, or 
the total amount of menstrual discharge, including transu-
date (O’Flynn and Britten. 2000).  MBL can be measured by 
alkaline haematin method, which requires collection of san-
itary pads (Hallberg and Nilsson. 1964).  More practically, 
MBL can be estimated from the blood sample, because serum 
haemoglobin and ferritin concentration correlate with MBL 
to some extent (Hurskainen et al. 1998, Warner et al. 2004a). 
Menstrual pictoral test can also be used (Wyatt et al. 2001).  
Unfortunately, all the tests have limitations in clinical prac-
tise. If MBL measured does not exceed the limit of 80 mL, 
menorrhagia is called subjective menorrhagia. If it does, men-
orrhagia is called objective menorrhagia. Unemployment, 
abdominal pain, perceived inconvenience, anxiety and other 
psychological distress have been found to correlate with sub-
jective menorrhagia (Hurskainen et al. 2001, Shapley et al. 

2003). Objective menorrhagia, by contrast, is associated with 
decreased serum ferritin concentration, clots in MBL and fre-
quent need during nights to change sanitary pads (Warner et 
al. 2004a). Objective menorrhagia is also linked to increased 
duration of bleeding and age (Higham and Shaw. 1999). Age-
related menorrhagia may, however, be due to perimenopau-
sal hormonal changes and such uterine pathology as fibroids.   
Additionally, genetics may play role in menorrhagia (Treloar 
et al. 1998b). The essential menorrhagia comprises a vast net-
work of different biological and environmental factors. 

2.1.2�epideMiOlOgy�and�iMpact�On�health

Nearly one-third of women have reported suffering from men-
orrhagia during their reproductive years (Shapley et al. 2004). 
Menorrhagia decreases quality of life, causes anaemia (Hur-
skainen et al. 2001) and sick days (Jones et al. 2002). Excessive 
bleeding is the reason for referral to gynaecological outpatient 
clinics up to 12 % of cases (Oehler and Rees. 2003). When 
MBL is measured, however, only 34 – 53 % of these women 
actually have an MBL exceeding 80 mL  (Hurskainen et al. 
2001, Warner et al. 2004a). In population studies the inci-
dence of menorrhagia lies between 9 % and 13 % (Hallberg et 
al. 1966). Since subjective menorrhagia is at least as common 
as objective menorrhagia and subjective menorrhagia influ-
ences mood, psychosomatic symptoms and sexual functioning 
similarly to objective menorrhagia (Hurskainen et al. 2001) it 
is often treated. This emphasises the importance of knowing 
the long-tem consequences of the treatments used. 

2.1.3�treatMent�

Menorrhagia can be treated either medically or surgically. 
Medical treatments include anti-fibrininolytic drugs, non-
steroidal anti-inflammatory drugs (NSAIDs), oral contra-
ceptives, oral and subdermal progestogens and LNG-IUS 
(Marjoribanks et al. 2006). Surgical treatments comprise en-
dometrial destruction either via hysteroscope using electro-
surgery or laser or through special intracavitary instrument 
applying microwave or other forms of energy, or hysterecto-
my (Marjoribanks et al. 2006). Since menorrhagia a relative-
ly benign condition, less invasive treatment methods should 
be favoured. The choice of treatment depends on the patient’s 
personal choice, desire for future pregnancy and general health status 

2. Review of the literature
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2. Review of the literature

(Vuorma et al. 2003).  In addition safety, effi  cacy, cost and availabili-
ty of diff erent treatment modalities aff ect, which treatment is 
chosen (Marjoribanks et al. 2006). 

2.1.3.1�Medical

Medical treatment options of menorrhagia are summarised 
in Table 1. Briefl y, antifi brinolytic drugs, like tranexamic ac-
id, inhibit breakdown of blood clots (fi brinolysis) by prevent-
ing activation of plasminogen (Marjoribanks et al. 2006). In 
menorrhagia patients, endometrial levels of prostaglandins are 
elevated. NSAIDs inhibit production of prostaglandins and 
leukotrienes from arachidonic acid by blocking the cyclooxy-
genase enzyme system (Marjoribanks et al. 2003). Oral con-
trcaceptives, in turn, reduce MBL by inhibiting endometrial 

growth and development (Iyer et al. 2000). LNG-IUS causes 
endometrial thinning, glandular atrophy, stromal deciduali-
sation and infl ammation (Jensen. 2005). Th e paragraph (2.2) 
describes the device in more detail.

MBL can also be reduced by progestogens. In luteal phase 
orally and cyclically administered progestogens do not reduce 
MBL in ovulatory cycles, however. If given from cycle days 
5 to 26, MBL is substantially reduced (Lethaby et al. 2005). 
Long-acting progestogens, such as medroxyprogesterone ace-
tate, can also be administered subdermally. Even though me-
droxyprogesterone acetate reduces MBL, BMD also decreases 
signifi cantly (Ott et al. 2001). Medroxyprogesterone acetate 
cannot, therefore, be recommended for use in reducing MBL 
(Osei and Critchley. 2005). After discovery of the antiproges-

tin mifepristone, several compounds with diff erent binding 
and action properties on the progesterone receptor have been 
developed (Chabbert-Buff et et al. 2005). Selective progester-
one receptor modulators, like asoprinil, act on the endometri-
um directly and produce amenorrhoea at rates of 63 – 100% 
(Chwalisz et al. 2005). Amenorrhoea develops without hypo-
oestrogenism, and no negative impact on BMD has been re-
ported (Chabbert-Buff et et al. 2005).  

    
2.1.3.2�Surgical�

Surgical treatments can be divided into the uterus-sparing 
treatments and hysterectomy. In uterus-sparing treatments, 
the endometrium and underlying basal glands are destroyed by 
various methods. Th is can be done either with a hysteroscope 
using electrosurgery or a laser (fi rst-generation endometrial ab-
lation techniques) or with more sophisticated equipment that 
applies microwaves or thermal energy (second-generation en-
dometrial ablation techniques). Although fi rst-generation en-
dometrial ablation techniques are less invasive than hysterecto-
my, they require general or spinal anaesthetic, superior surgical 
skills and often a short stay in hospital (Tapper and Heinonen. 
1998). Moreover, risks for uterine perforation, fl uid overload 
and infection exist. Second-generation techniques can be per-
formed under regional anaesthesia, and they are quicker and 
safer procedures than the fi rst-generation techniques. Th e suc-
cess of the procedure is less dependent on surgical skills, and 
the risk for fl uid overload is eliminated. Satisfaction rate and 
reduction in MBL are similar between the techniques (Garside 
et al. 2005). As the endometrium has a marked regeneration 
capacity, a reduction in MBL is only seldom permanent. Th e 
need for re-treatment has narrowed the costgap between uter-
us-sparing techniques and hysterectomy; endometrial destruc-

tion was only 7 % more economical than hysterectomy four 
years after initial treatment (Marjoribanks et al. 2006) and less 
eff ective than LNG-IUS (Busfi eld et al. 2006). Th e paragraph 
2.3 describes hysterectomy in more detail.

2.2.��levOnOrgeStrel-releaSing�

intrauterine�SySteM�(lng-iuS)

2.2.1�in�MenOrrhagia

LNG-IUS is an intrauterine system that consists of a 32 mm-
long T-shaped plastic frame with a reservoir on the stem (Fig-
ure 1). Th e reservoir contains 52 mg of levonorgestrel (LNG), 
which releases 20 µg of LNG daily. As release is slow, it can be 
used for fi ve years. LNG-IUS was initially developed for contra-
ception, but as it reduces MBL up to 94 % after three months of 
use, its usefulness in treating menorrhagia was soon noted (Lu-
ukkainen et al. 1990). Moreover, LNG-IUS is a suitable treat-
ment for women with haemostatic disorders (Schaedel et al. 
2005).  Th e device also alleviates symptoms related to endome-
triosis, adenomyosis, fi broids and pre-menstrual syndrome. 
Additionally, it provides endometrial protection for women us-
ing oestrogen therapy (ET) (Varma et al. 2006). Mechanism of 
action is based on changes in the endometrium; thinning, glan-
dular atrophy, stromal decidualisation and infl ammation. Th ese 
changes appear already one month after the insertion and are 
independent of the phase of the menstrual cycle (Jensen. 2005). 
Among LNG-IUS users the incidence of ovarian cysts increas-
es (Inki et al. 2002), which is probably explained by disturbed 
follicular rupture (Barbosa et al. 1990). Th erefore the cysts al-
so resolve spontaneously (Inki et al. 2002). Th e most common 
reason for discontinuation of the therapy is intermittent bleed-
ing or spotting. Other reasons include pain and mood changes 
(Backman et al. 2000).

2.2.2�Ovarian�functiOn

LNG-IUS releases LNG slowly and continuously. Th is enables 
serum concentration of LNG to be relatively steady (Jensen. 
2005), varying between 100 and 160 pg/mL (Nilsson et al. 
1980) and between 340 and 360 pg/mL (Barbosa et al. 1990). 
Th e diff erent outcomes may be explained by small sample sizes 
and diff erences in study populations, such as time since device 
insertion and body-mass index (BMI). Th ese factors infl uence 
serum Sex hormone binding globulin (SHBG) concentration, which 

table�1. Medical treatMent options for MenorrhaGia
product Mechanism of action reduction in MBl side-effects

Antifi brinolytic drugs (1) Inhibition of fi brinolysis 40 – 50% Mild nausea and diarrhoea 
  by inhibition of plasminogen

Non-steroidal Inhibition of prostaglandin  33 – 55% Gastrointestinal bleeding,
anti-infl ammatory drugs (2) production in endometrium  headache

Oral contraceptives (3) Inhibition of endometrial  up to 50% Breast tenderness, nausea, headache,
  growth  weight and mood changes
Progestogens
 Oral days 15 – 26 (4)  12 – 20%* Breast tenderness, nausea, headache,
    weight and mood changes

 Oral, days 5 – 26 (4) Suppression of endometrial 51 – 87% Breast tenderness, nausea, headache,
  growth  weight and mood changes 

 Selective progesterone Suppression of endometrial 63 – 100%  Intermittent bleeding nausea, headache
 receptor modulator (5) growth in amennorhoea

 LNG-IUS (4) Suppression of endometrial 79 – 96% Inttermittent bleeding, spotting,
  growth  pain, hormonal changes, ovarian cysts

*Also an increase of 9 – 20% has been reported.
1 Marjoribanks et al. 2006
2 Marjoribanks et al. 2003
3 Iyer et al. 2000
4 Lethaby et al. 2005
5 Chawalisz et al. 2005

 Printed by permission of Bayer Schering Pharma. 

Figure 1. levonorGestrel-releasinG 
intrauterine systeM (Mirena®).
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in turn regulates concentration of free LNG (Jia et al. 1992). However, 
studies agree that the majority of cycles are ovulatory (Barbo-
sa et al. 1990, Nilsson et al. 1984, Xiao et al. 2003). Moreover, 
among LNG-IUS users average serum oestradiol concentra-
tion is 0.24 nmol/L reflecting normal ovarian function. There-
fore effect on pituitary gland is not expected either (Xiao et al. 
2003) and hormonal side-effects are rare (Baldaszti et al. 2003, 
Rönnerdag and Odlind. 1999, Suhonen et al. 2004). The ef-
fect of LNG-IUS on ovarian artery blood flow has not been re-
ported, but LNG-IUS may increase pulsatility index (PI) of 
uterine arteries (Järvelä et al. 1998). The clinical significance 
of this finding remains to be elucidated. 

2.2.3�bOne�Mineral�denSity�(bMd)

As LNG-IUS has only small effect on ovarian function, it has 
a negligible impact on BMD. This is supported by a study by 
Bahamondes et al. (2005) in which no negative impact on 
BMD at the midshaft ulna and the distal radius was observed 
after seven years of LNG-IUS use. However, the mean age of 
the patients was 34 years and the fracture risk was not assessed 
(Bahamondes et al. 2005).  Also the effect of LNG-IUS on 
turn-over rate of bone remains to be elucidated.

Even if relatively little is known about LNG-IUS and bone, 
the effect of other forms of progestins has been studied to 
some extent. Unfortunately, no clinical studies on oral pro-
gestins and BMD exist. However, according to in vitro stud-
ies, progestins appear to modulate bone remodelling and pro-
tect against bone loss (Thijssen. 2003). 

Injectable depot medroxyprogesterone acetate use is associ-
ated with reduced BMD at sites containing a larger proportion 
of trabecular bone (e.g. the lumbar spine and the ultradistal ra-
dius). The longer the duration of use, the greater the reductions 
(Balasch. 2003, Banks et al. 2001, Berenson et al. 2004, Cromer 
et al. 2004). Among medroxyprogesterone acetate users, se-
rum concentrations of progestin vary between 0.8 and 10.7 ng/
mL (mean 3 ng/mL) (Mathrubutham and Fotherby. 1981), 
this amount being sufficient to affect ovarian function, induce 
amenorrhoea and a hypo-oestrogenic state. When use ceases, the 
effect of medroxyprogesterone acetate on bone reverses at least 
partially (Balasch. 2003, Banks et al. 2001). 

The progestagen contraceptive implant, releases LNG 
steadily, with the serum concentration of LNG varying be-

tween 1.4 and 1.5ng/mL (Sivin et al. 1997). Studies on the 
LNG-releasing rod and BMD show contradictory results. In-
creases (Banks et al. 2001, Di et al. 1999), no change (Banks 
et al. 2001, Taneepanichskul et al. 1997) and decreases (Ba-
hamondes et al. 2006, Petitti et al. 2000) in BMD after LNG-
releasing implant have been reported.  

2.2.4�Sexual�functiOning

Loss of libido, breast tenderness and fatigue may correlate 
with insertion of a subdermal LNG implant (Meirik et al. 
2003). In contrast to implant use, LNG-IUS, with a lower 
concentration of serum progestin, does not seem to deterio-
rate sexual functioning (Hurskainen et al. 2001, Hurskainen 
et al. 2004). Moreover, it does not hinder intercourse (Bald-
aszti et al. 2003). These properties make LNG-IUS a very at-
tractive tool in contraception and treating menorrhagia.  

  
2.3�hySterectOMy�

2.3.1�in�MenOrrhagia

Hysterectomy is the most common surgical operation per-
formed in the Western world (Kozak et al. 2005). In Finland, 
over 10 000 hysterectomies were performed annually a decade 
ago, but thanks to effective alternatives, the amount has grad-
ually been decreasing, being 7000 in the year 2005 (http://
www.stakes.fi/info). Even though hysterectomy is effective, 
complications, such as wound healing sequlae, bowel, ure-
ter and bladder complications, infections and need for blood 
transfusions, exist (Härkki-Siren et al. 1997, Härkki-Siren et 
al. 1998, Mäkinen et al. 2001). However, mortality is low 
(Virtanen and Mäkinen. 1995) and satisfaction with hyster-
ectomy is high (Marjoribanks et al. 2006). In the treatment of 
menorrhagia, hysterectomy is less cost-effective than LNG -
IUS (Hurskainen et al. 2004).  

2.3.2�Ovarian�functiOn

The impact of hysterectomy on ovarian function remains con-
troversial. The mechanism by which hysterectomy impairs 
ovarian function may be by altering ovarian blood. During 
surgery adnexal branches of the uterine arteries are ligated, 
which in turn may disturb ovarian flow. Hysterectomy has de-
creased ovarian flow in some studies (Chan et al. 2005, Janson 
and Jansson. 1977), and increased it in one study (Petri Nahas 

et al. 2005). A constant ovarian artery flow after hysterecto-
my has also been noted (Dogan et al. 1998). Controversy ex-
ist also in studies reporting menopausal status. Some authors 
describe decrease in prevalence of hot flashes (Gallicchio et al. 
2006) or steady serum follicle-stimulating hormone (FSH) 
concentration (Chalmers et al. 2002), but increased serum 
FSH (Cooper and Thorp. 1999, Derksen et al. 1998, Farqu-
har et al. 2005) and decreased serum inhibin B concentration 
(Nahas et al. 2003) have also been reported. Increased vaso-
motor symptoms and vaginal dryness have frequently been 
found (Hartmann et al. 1995, Oldenhave et al. 1993, Siddle 
et al. 1987, Stadberg et al. 2000). Hysterectomy is also associ-
ated with increased use of oestradiol therapy (ET) (Brett and 
Reuben. 2003, Million Women Study Collaborators. 2002). 
Therefore the debate on the effect of hysterectomy on ovari-
an function continues.

2.3.3�bMd

The effect of hysterectomy on BMD remains controversial. 
Some studies show a positive association between hysterecto-
my and ovarian conservation (Cheng et al. 2003, Forsmo et al. 
2001, Grainge et al. 2001, Johansson et al. 1993, Tuppurain-
en et al. 1995), some no change (Carranza-Lira et al. 2002, 
Kritz-Silverstein et al. 2004, Ravn et al. 1995, Shilbayeh. 2003) 
and still others a decrease in BMD (Duraes Simoes et al. 1995, 
Smeets-Goevaers et al. 1998, Watson et al. 1995). Fracture risk 
may, however, be increased after hysterectomy (Torgerson et al. 
1996, van der Voort et al. 2001). The association of hysterecto-
my with increased BMD may be linked to the underlying reason 
for hysterectomy. As leiomyomas are a common indication for 
hysterectomy, it is possible that increased oestradiol concentra-
tion among women with leiomyomas preserves BMD (Randell 
et al. 2006). Decreased BMD after hysterectomy has, in turn, 
been explained by altered ovarian function after surgery (Cooper 
and Thorp. 1999, Derksen et al. 1998, Oldenhave et al. 1993). 

The effect of ovariectomy on BMD is clearer. Ovariectomy 
results in surgical menopause and deprivation of ovarian ster-
oids. This, in turn, produces a BMD loss comparable to that 
of menopausal transition. Moreover, ovariectomy may be an 
independent risk factor for fractures (Balasch. 2003, Johans-
son et al. 1993, Tudor-Locke and McColl. 2000). Post-men-
opausally, factors other than ovariectomy may be more im-

portant in determining fracture risk (Kritz-Silverstein et al. 
2004, Shilbayeh. 2003). For as women ages, fracture risk is al-
so affected by visual acuity, neuromuscular disorders and co-
ordination, low physical activity and medical disorders (NIH 
Consensus Development Panel on Osteoporosis Prevention, 
Diagnosis, and Therapy. 2001). 

2.3.4�Sexual�functiOning�

Hysterectomy has been postulated to impair sexual func-
tioning since it disrupts nerve supply of the genital tract and 
changes pelvic anatomy (Kilkku et al. 1983, Maas et al. 2003, 
McPherson et al. 2005). In addition, hysterectomy may im-
pair ovarian function and cause early menopausal symptoms, 
including vaginal dryness (Cooper and Thorp. 1999, Derksen 
et al. 1998, Farquhar et al. 2005, Hartmann et al. 1995, Na-
has et al. 2003, Oldenhave et al. 1993, Siddle et al. 1987, Stad-
berg et al. 2000). However, results from randomised control-
led studies comparing different operation techniques do not 
the support theory of the deteriorating effect of hysterectomy 
on sexual function (Ellström et al. 2003, Kuppermann M. et 
al. 2005, Thakar et al. 2002, Zobbe et al. 2004). Also observa-
tional studies support this (Virtanen et al. 1993). Randomised 
controlled studies comparing hysterectomy with uterus-spar-
ing treatment modalities are few, but no negative impact on 
sexual functioning has been reported (Alexander et al. 1996, 
Hurskainen et al. 2004, Kuppermann M. et al. 2004). 

2.4�Ovarian�functiOn

In the foetal ovaries seven million oocytes are present and due 
to apoptotic demise their number decreases significantly be-
ing only one million at birth and half a million at puberty. Ap-
proximately 400 oocytes from the original seven million pool 
will ovulate during the fertile life span (te Velde and Pearson. 
2002). During each menstrual cycle, 10-20 antral follicles es-
cape apoptosis and start to grow in consequence of increasing 
serum FSH levels and usually one follicle emerges as a domi-
nant follicle (McGee and Hsueh. 2000). All growing follicles 
secrete oestradiol and inhibin B, the latter which inhibits pi-
tuitary FSH secretion (Muttukrishna et al. 2002). Increased 
circulating oestradiol concentrations trigger the onset of the 
luteinising hormone (LH) surge from the pituitary gland re-
sulting in ovulation (Messinis. 2006). Remnants of the Graafian fol-

2. Review of the literature



32 33

2. Review of the literature

licle, namely granulosa and theca cells, produce inhibin A. If released 
oocyte is not fertilised, the corpus luteum formed regresses 
(McGee and Hsueh. 2000). Decreased concentrations of in-
hibin A, oestradiol and progesterone allow the pituitary gland 
to release FSH and a new cycle begins (Messinis. 2006, Welt 
et al. 2003) (Figure 2). The process is steady up to 35 years of 
age. At this point the decline in follicle number accelerates 
(Ng et al. 2003) and serum oestradiol concentration decreas-
es causing menopausal symptoms, such as hot flashes, night 
sweats and vaginal dryness (Sherman. 2005). Exhaustion of 
the ovarian follicle pool leads to menopause at the median age 
of 51.3 years (range 48 – 55 years) (Lobo. 2003). Age at men-
opause is relatively constant and is mainly regulated by genet-
ic factors (te Velde and Pearson. 2002).  

2.4.1�general�factOrS

Genetic factors have a strong influence on ovarian reserve and 
age at menopause (Hefler et al. 2006, Treloar et al. 1998a). 
Hereditary factors predetermine the number of primordial 

follicles and the rate of follicular atresia (Treloar et al. 1998a). 
Mutations in genes also have an impact (Luoma et al. 2004, 
Welt et al. 2004). It is unclear, whether the impaired ovarian 
function in women with genetic mutations is due to the small 
primordial follicle pool or to accelerated follicular atresia.  

Ovarian function is also affected by systemic disease, such 
as autoimmune disease (Kauffman and Castracane. 2003, Ry-
an and Jones. 2004, Tung et al. 2001, Vural et al. 2005), hy-
pothyroidism (Massin et al. 2006) and depression (Harlow 
et al. 2003). In addition, medications and radiations disturb 
ovarian function (Isojärvi. 2003, Raptopoulou et al. 2004). 

The influence of age at menarche on the onset of meno-
pause has been extensively studied. As follicle loss begins be-
fore puberty and the initiation of cyclic recruitment of fol-
licles does not interfere with it, age at menarche should not 
affect the onset of menopause. Increased parity may, how-
ever, delay the onset of menopause by progesterone-induced 
suppression of follicular recruitment (Harlow and Signorello. 
2000, McGee and Hsueh. 2000). This theory does not, how-
ever, have wide support (Hefler et al. 2006).  

2.4.2�behaviOural�factOrS

A high BMI has a significant influence on reproductive func-
tion. Women with a BMI > 25 kg/m2 have longer cycles. Cycles 
are characterized by longer follicular phases and shorter luteal 
phases. Ovulation is also disturbed (Gosman et al. 2006, San-
toro et al. 2004). Variation in cycle length may be explained 
by altered hormone levels (Freeman et al. 2005, Gallicchio et 
al. 2005, Gracia et al. 2005, Lambert-Messerlian and Harlow. 
2006, Santoro et al. 2004). In post-menopausal obese wom-
en (BMI > 30 kg/m2 ), serum inhibin B, oestradiol and LH 
concentrations are elevated (Freeman et al. 2005, Gracia et al. 
2005). In addition, excess adipose tissue increases peripheral 
aromatisation of androgen to oestrogen. Furthermore, serum 
concentration of SHBG is diminished, resulting in an increased 
amount of bioavailable testosterone and oestradiol (Gosman et 
al. 2006).  

Approximately 20 % of Finnish women of reproductive age 
smoke tobacco (www.stat.fi/til/tup/2004). At least cadmium, 
nicotine and cotinine of tobacco smoke affect ovarian func-
tion (Mlynarcikova et al. 2005) by inhibiting granulosa cell aro-
matase activity, disturbing ovulation, lowering SHBG concen-

tration, enhancing oestradiol metabolism and inhibiting proges-
terone metabolism (Motejlek et al. 2006, Tziomalos and Char-
soulis. 2004). These effects appear as accelerated follicle deple-
tion and decreased reproductive function  (Practice Commit-
tee of the American Society for Reproductive Medicine. 2004). 
Diminished ovarian reserve among smokers is reflected by in-
creased serum FSH concentration (Cooper et al. 1995) and de-
creased inhibin B concentration (Lambert-Messerlian and Har-
low. 2006). Respectively, menopause occurs 1– 4 years earlier 
among smokers than among non-smokers (Practice Committee 
of the American Society for Reproductive Medicine. 2004). 

   
2.4.3�Ovarian�circulatiOn

In the premenopausal ovary, blood flow is relatively constant 
on the non-dominant side (Valentin. 1997). On the domi-
nant side, circadian and cyclic variations in blood flow exist. 
The blood flow is lowest in the morning and tends to increase 
throughout the day (Zaidi et al. 1996). During the cycle blood 
flow increases at the luteal phase and the corpus luteum is in-
tensively vascularized (Valentin. 1997). Menopausal transition 
decreases diastolic ovarian artery blood flow so that after final 
menstrual period in 55 % of women no diastolic blood flow is 
detectable. In post-menopause no diastolic ovarian artery flow 
is present in 82.5 % of women. The use of ET does not improve 
ovarian artery flow. In postmenopausal intraovarian arteries, 
no signal at all was found (Kurjak and Kupesic. 1995). The in-
crease in resistance to flow may be due to increased amounts of 
fibroblasts and connective tissue (Valentin. 1997). 

2.4.4�MeaSuring�Ovarian�functiOn

Ovarian function relies on ovarian reserve, which is deter-
mined by the size of the ovarian follicle pool and the quality 
of the oocytes it contains. In clinical practice, ovarian reserve 
is useful to measure by age, serum FSH, inhibin B, and anti-
Müllerian hormone (AMH) concentration or by antral follicle 
count (AFC) (Nikolaou and Templeton. 2004, Piltonen et al. 
2005, van Rooij et al. 2004).

Fertility increases in the early twenties and decreases rap-
idly after 36 years of age. Therefore age has been used to es-
timate ovarian reserve (Bukman and Heineman. 2001). Age 
reflects, however, ovarian function roughly (Bukulmez and 
Arici. 2004).

Serum FSH concentration on cycle day 3 indirectly estimates 
ovarian reserve, as it reflects the amount of inhibin B produced 
by granulosa cells of antral follicles (Muttukrishna et al. 2002). 
Patients with low serum FSH concentration have better ovar-
ian reserve than women with high serum FSH concentration 
(>15 IU/L) (Bukman and Heineman. 2001). Unfortunately, 
in serum FSH concentrations, marked inter-individual and 
inter-cyclic variation exist, reducing their reliability in clinical 
practice (Fanchin et al. 2005). Increased serum oestradiol con-
centration on day 3 is thought to be responsible for shortening 
of the follicular phase as women get older (Bukman and Hein-
eman. 2001).  However, since women aged 24 – 50 years have 
similar serum oestradiol concentrations, it cannot be used to 
identify women with reduced ovarian reserve (Bukulmez and 
Arici. 2004). Interestingly, aging also decreases ovarian capac-
ity to produce androgens (Piltonen et al. 2004).

The inhibins are dimeric peptides secreted by the ovary. In-
hibin A is secreted by a dominant follicle and the corpus lu-
teum, whereas inhibin B is secreted by granulosa cells of the 
developing pool of antral follicles. Serum inhibin B concen-
trations can therefore be used as a direct marker of ovarian re-
serve (Laven and Fauser. 2004). A decrease in serum inhib-
in B concentration precedes the rise in serum FSH concen-
tration (Overlie et al. 2005), and in women with diminished 
ovarian reserve, serum inhibin B concentration is decreased, 
even when serum FSH concentration is still normal (Laven 
and Fauser. 2004).

Ovarian granulosa cells also produce another dimeric glyc-
oprotein, AMH, which initially inhibits the recruitment of 
primordial follicles into the pool of growing follicles and later 
decreases the responsiveness of growing follicles to cyclic FSH 
stimulation (Gruijters et al. 2003). Serum AMH concentra-
tion correlates relatively well with AFC (Fanchin et al. 2003, 
Piltonen et al. 2005, van Rooij et al. 2005) and both repro-
ducibility of the measurement and cyclically constant levels 
support the use of AMH in estimating ovarian reserve (Fan-
chin et al. 2005).  

Ovarian volume, circulation and AFC decrease with ageing 
(Bastos et al. 2006, Ng et al. 2003, Pan et al. 2002). Therefore 
these parameters may correlate with ovarian reserve (Bukman 
and Heineman. 2001, Kline et al. 2005, Wallace and Kelsey. 
2004). However, discrepancy between outcomes exists (Bukulmez 

The idealised cyclic changes in pituitary gonadotrophins,  
oestradiol (E2), progesterone (P) and uterine endometrium during  
the normal menstrual cycle. Adapted from Rebar, 1982.
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Figure 2. Menstrual cycle. 
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and Arici. 2004, Järvelä et al. 2003, van Rooij et al. 2004), and more 
practical means of measuring ovarian reserve are available.

 
2.5�bMd

2.5.1�bMd�and�wOMen’S�health

Normal ovarian function is essential for peak bone mass accru-
al and regulation of bone remodelling (Balasch. 2003). The on-
set of menarche correlates inversely with premenopausal BMD; 
the earlier the onset of menstruation, the greater the woman’s 
bone mass (Tudor-Locke and McColl. 2000). This is due to 
early and continued exposure to endogenous oestrogen dur-
ing accelerated bone growth (Balasch. 2003). Cyclic regular-
ity, reflecting normal weight, is also important. Women with 
anovulatory menses due to low body weight and inappropri-
ate nutrition annually lose approximately 4.2 % of their BMD.  
Reduced bone mineral content correlates with duration of 
amenorrhoea and severity of oestrogen deficiency (Notelovitz. 
2002). BMD at the lumbar spine seems to be the most vul-
nerable to menstrual irregularities (Pongchaiyakul et al. 2005). 
Among women complaining of subjective menorrhagia, how-
ever, BMD at the distal radius is 7 % higher than among wom-
en reporting light menstrual flow (Tudor-Locke and McColl. 
2000). The effect of parity on BMD remains unclear. During 
pregnancy bone metabolism alters and favours foetal growth, 
but evidence to state that parity decreases BMD is insufficient 
(Balasch. 2003, Tudor-Locke and McColl. 2000). As BMD 
among parous women seems to be higher than among nul-
liparous women (Forsmo et al. 2001, Pesonen et al. 2005) the 
ability to conceive may actually reflect normal ovarian func-
tion. This, in turn, is seen as higher BMD (Balasch. 2003, Tu-
dor-Locke and McColl. 2000). Calcium is lost to milk during 
lactation, and therefore, lactation doubles the daily loss of cal-
cium. Moreover, lactation is associated with hypo-oestrogen-
ism, which causes increased bone resorption (Balasch. 2003). 
Thus, six months of weaning reduces BMD at the lumbar spine 
by approximately 2.8 %. This decrease is, however, transient, 
with recovery occuring after resumption of menses (Åkesson et 
al. 2004, Tudor-Locke and McColl. 2 000). In premenopausal 
women, bone loss at the lumbar spine is approximately 0.13 %, 
annually and at the femoral neck bone mass can even be gained 
at yearly rate of 0.52 %. At late perimenopause, the correspond-
ing losses are 0.92 % and 0.71 %. At the time of final menstru-

al period, bone loss accelerates even more, and thus these fig-
ures are now 2.48 % and 1.74 %. After menopausal transition, 
bone loss slows down and annual figures are 0.74 % and 0.50 % 
(Guthrie et al. 1998). Therefore, an extended reproductive pe-
riod reflected by late onset of menopause provides a longer pro-
tective hormonal environment for bone. Late onset of meno-
pause correlates with reduced hip fracture risk in older women 
(Balasch. 2003, Tudor-Locke and McColl. 2000). Postmeno-
pausal women with low BMI are at increased risk of low BMD 
and rapid bone loss (Lane. 2006). Accelerated bone remodel-
ling during menopausal transition can be reduced by ET. Only 
a small amount of ET is needed for this effect; oestradiol con-
centrations of 0.33 nmol/L are sufficient to preserve BMD at 
lumbar spine (Guthrie et al. 2004). The effect appears rapidly 
after commencing the therapy and wears off rapidly after dis-
continuation (Banks et al. 2004).  

2.5.2�MeaSuring�bOne�Mineral�denSity

BMD can be measured by several means. Dual x-ray absorpti-
ometry (DXA) is a gold standard for measuring BMD and it can 
be used to measure bone mineral content in an entire skeleton, 
especially at sites most vulnerable to fractures (e.g. lumbar spine, 
femoral neck). The technique gives with low radiation exposure 
a two-dimensional estimate of BMD (areal density, g/cm2) (Bri-
ot and Roux. 2005). Quantitative ultrasound can be used to 
assess BMD at the heel. As information on bone structure is 
also acquired, its use has gained interest. BMD parameters of 
quantitative ultrasound are associated independently with frac-
ture risk at the femoral neck, but cannot be used to monitor re-
sponse to treatment (Boonen and Nicholson. 1998, Briot and 
Roux. 2005). Quantitative computed tomography can be used 
to measure BMD at the lumbar spine and at peripheral sites. At 
the lumbar spine, quantitative computed tomography has an 
accuracy comparable with that of DXA, but has the advantage 
of giving a volumetric BMD. Moreover, quantitative computed 
tomography is able to distinguish cortical bone from trabecular 
bone and is therefore more sensitive to changes in BMD. Due to 
its sensitivity, quantitative computed tomography can be used 
to follow BMD over time and to follow response to the thera-
py. Although, effective, the main disadvantages compared with 
DXA are high exposure to radiation, high costs and need to cal-
ibrate the equipment (Lane. 2006).  

Osteoporosis can also be diagnosed from radiographs, al-
though with low sensitivity. Radiographs allow subclinical 
vertebral fractures and diminished bone mineral content to 
be detected (Pavlov et al. 2005). Even if osteoporotic vertebral 
fracture is a strong independent risk factor for another oste-
oporotic fracture (Lane. 2006),  radiographs provide, howev-
er, an extremely rough estimate of BMD (Pavlov et al. 2005).

Biochemical markers of bone turnover can be measured 
from serum or urine, and they reflect the dynamic process 
of bone turnover. Osteoblasts release bone formation mark-
ers, such as bone-specific alkaline phosphatase and osteocal-
cin. Osteoclasts, in turn, secrete breakdown products of colla-
gen. Moreover, an osteoclast-specific isoform of tartare-resist-
ant acid phosphatase is a promising marker in predicting ver-
tebral fractures. In addition to estimating fracture risk, bone 
turnover markers can be used to monitor response to treat-
ment and assist in selection of patients for treatment. Howev-
er, in the diagnosis of osteoporosis, they are not useful (Briot 
and Roux. 2005, Lane. 2006).  

2.6�Sexuality

2.6.1�wOMen’S�Sexuality

Of sexually active women aged 40 – 80 years, approximately 
70 – 80 % are relatively satisfied with their sexual functioning 
(Addis et al. 2006, Laumann et al. 2006, Tomic et al. 2006), and 
only 9 % experience distress from decreased sexual function-
ing (Leiblum et al. 2006). Nevertheless, up to 50 % of women 
may experience sexual dysfunction to some extent (Addis et al. 
2006, Laumann et al. 1999). Ageing and a negative attitude to-
wards ageing decreases sexual well-being (Addis et al. 2006, Avis 
et al. 2005, Beutel et al. 2004, Gonzalez et al. 2004, Guthrie et 
al. 2004, Laumann et al. 2006, Tomic et al. 2006). Moreover, 
ageing is associated with menopause. Identifying, which of the 
changes in sexual functioning are related to ageing and, which 
to menopause is difficult. During menopausal transition serum 
oestrogen and testosterone concentrations decline, affecting sex-
ual desire, sexual response and urogenital health (Palacios et al. 
2002). Particularly sexual response and dyspareunia are influ-
enced (Dennerstein and Lehert. 2004, Latthe et al. 2006). Dys-
pareunia is often caused by vaginal dryness, which in turn has an 
effect on sexual satisfaction (Laumann et al. 2006, Tomic et al. 
2006). ET can be used to overcome sexual problems (Gonzal-

ez et al. 2004, Wiklund et al. 1993b), but full symptom relief 
seldom occurs (Brunner et al. 2005). Among post-menopau-
sal women, testosterone therapy has also been attempted to im-
prove sexual functioning (Arlt. 2006). However, as the role of 
testosterone during menopausal transition remains to be fully 
elucidated (Aziz et al. 2005), testosterone therapy cannot yet 
be recommended for improving sexual functioning (Arlt. 2006, 
North American Menopause Society. 2005).

2.6.2�MeaSuring�Sexual�functiOning

Sexual functioning is made up of several factors, including 
physical pleasure, emotional satisfaction, arousal, desire, fre-
quency of intercourse and pain during intercourse. There-
fore, standardised, multi-dimensional instruments to meas-
ure sexual functioning are needed. Uni-dimensional tools are 
not specific enough to identify the dysfunctional factor. Sev-
eral methods to measure sexual functioning exist, but only 
a few are multi-dimensional and have been validated (Jones 
le. 2002). Multi-dimensional self-assessed questionnaires val-
idated in Europe with over one hundred mentally healthy 
women include McCoy’s Sexual Scale, the Brief Index of Sexu-
al Functioning for Women, the Derogatis Interview for Sexual 
Functioning, the Female Sexual Function Index, the Medical 
Outcome Study – Sexual Problems Scale, the Sexual Function 
Questionnaire and Quality of Sexual Function.

The McCoy’s Sexual Scale was developed in the 1980s (Mc-
Coy and Davidson. 1985). It has since been modified by 
Wiklund (1993), and the test has been validated especially 
in Scandinavia (Wiklund et al. 1992, Wiklund et al. 1993a, 
Wiklund et al. 1993b). The scale contains ten items, com-
prising the three domains of sexual satisfaction, sexual prob-
lems and partner satisfaction.  A disadvantage of this scale is 
that the questionnaire does not evaluate sexual functioning in 
general, but only within the last 30 days (McCoy and Dav-
idson. 1985).

The Brief Index of Sexual Functioning for Women differs 
from McCoy’s Sexual Scale by comprising seven domains, 
which form a composite score (Taylor et al. 1994). The Deroga-
tis Interview for Sexual Functioning, in turn, has a concur-
rent validity and reliability with Change in Sexual Function-
ing Questionnaire (Clayton et al. 1997, Keller et al. 2006, Me-
ston and Derogatis. 2002). Both the instruments are composed of an 
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3. objectives of the study
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Impact of hysterectomy and levonorgestrel-releasing intrauterine system on ovarian function,  

bone and sexual health in menorrhagic patients

interview process and a self-assessed questionnaire. The interview proc-
ess allows flexibility that is not offered by questionnaires only. 
However, it also requires an interviewer and takes time, which 
make it slow and costly (Derogatis. 1997). The Female Sexu-
al Function Index has 19 items and it is validated to detect es-
pecially problems with arousal, response to therapy and epide-
miology of arousal problems. It does not, however, take into ac-
count issues related to personal distress (Wiegel et al. 2005). 
The Medical Outcome Study – Sexual Problems Scale contains 
only four items, but has an advantage of having a response op-
tion “did not have sexual activity”. However, due to its narrow-
ness it has recently been expanded to cover sexual functioning 
more widely (Kuppermann M. et al. 2004, Kuppermann M. 
et al. 2005). The Sexual Function Questionnaire contains sev-
en domains, but since domains have only moderate reproduc-
ibility, the instrument is sensitive to temporal changes (Quirk 
et al. 2002). A novel Quality of Sexual Function can be used in 
both genders. This makes the instrument useful when relation-
al and gender-specific tools are needed. The scale consists of 32 
items and eight general questions. Validity and reproducibility 
are under further study (Heinemann et al. 2005).

A variety instruments are available for assessing sexual func-
tioning. It is unlikely that a single instrument can yield a com-
prehensive view of sexual functioning. Moreover, as the litera-
ture reflects a proliferation of different instruments, the use of re-
liable and valid tools becomes increasingly important to enable 
reasonable comparisons between studies (Jones le. 2002). ■
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3.�ObjectiveS�Of�the�Study

Since menorrhagia affects one third of reproductive age wom-
en (Shapley et al. 2004) and needs to be treated (Jones et al. 
2002), it is important to know whether the most efficient 
treatment is either surgical or medical (Marjoribanks et al. 
2006). The overall objective of this thesis was to evaluate the 
effect of the two treatment options of menorrhagia, hysterec-
tomy and LNG-IUS, on ovarian function, BMD and sexual-
ity. The studies had the following objectives:

•  The effect of hysterectomy or LNG-IUS on  
ovarian function by measuring menopausal symptoms, 
serum FSH and inhibin B levels, and intraovarian  
blood flow (Studies I and II). 

•  The effect of hysterectomy or LNG-IUS on  
BMD (Study III).   

•  The effect of hysterectomy or LNG-IUS on  
sexuality (Study IV). ■

3. Objectives of the study
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4.1�Study�prOtOcOl�and�patientS

In the primary ‘VuoKKo’ study (Hurskainen et al. 2001) there 
were 598 women referred for menorrhagia to the five univer-
sity hospitals in Finland between November 1994 and No-
vember 1997. Of the 598 women, 184 (31 %) were excluded 
because of the following predefined exclusion criteria shown 
in Figure 3. During the first visit all eligible women (n=414) 
were informed of the different treatment modalities for men-
orrhagia and the purpose of the trial. Of these women, 178 
(43 %) decided not to participate due to the following reasons: 
treatment preference, refusal of any treatment, were still plan-
ning pregnancy, did not want randomisation, or for some oth-
er reason. The women excluded or declining to participate did 
not differ from the final study group in terms of sociodemo-
graphic factors, age, employment status or occupation. A to-
tal of 236 women were enrolled into the present study. These 
women were 35 – 49 years old, had completed their family size 
and were eligible for hysterectomy. The women completed a 
questionnaire, including information on BMI, smoking, par-
ity, age at menarche, number of deliveries, method of contra-
ception, marital status, level of education and employment. 
As the women completed the questionnaire, they were ran-
domised to either a hysterectomy or a LNG-IUS group. In ad-
dition, alcohol use, daily medication and occurrence of im-
pressive negative life changes were recorded. Moreover, pa-
tients reported their daily calcium intake (mg), physical ac-
tivity (hours/week x intensity), history of fractures and lactose 
malabsorption for Study III. Physical activity intensity was cat-
egorised as follows: 1) no sweating or laboured breathing 2) 
some sweating or laboured breathing and 3) heavy sweating 
and greatly laboured breathing. Table 2 shows selected charac-
teristics of the study population. In 25 patient characteristics 
tested, only BMI differed between the treatment groups (Hur-
skainen et al. 2001).  

Randomisation was performed separately for each centre in 
randomly varying clusters using numbered, opaque, sealed en-
velopes. Of the 236 women, 107 were randomised in Helsinki, 
44 in Kuopio, 22 in Oulu, 21 in Tampere and 42 in Turku.

The follow-up visits took place 6 and 12 months after the 
initial treatment, and 5 years after the randomisation process. 
The gynaecologist and patient filled in a questionnaire at each 
visit. The trial flow chart is illustrated in Figure 3. At the 12 

month follow-up the drop-out rate was 3 % (Hurskainen et 
al. 2001) and at the five year follow-up, it was 1 % (Hurskai-
nen et al. 2004).

All women gave their written informed consent. The Ethics 
Committees of all five university hospitals and STAKES (Na-
tional Reasearch and Development Centre for Welfare and 
Health), Finland, approved the study protocol. 

All 236 women were included in Studies I and IV. In these 
Studies, the LNG-IUS users had higher BMI than the hys-
terectomised women. This difference was not noted in Stud-
ies II and III. Serum concentration of inhibin B and bone 
mineral density (Studies II and III, n=54 for hysterectomy 
group and n=53 for LNG-IUS group) were measured on-
ly in women enrolled in the University Hospital of Helsin-
ki. For Study II ovarian blood flow was measured in 60 pa-
tients (n=28 in LNG-IUS group and n=32 in hysterectomy 
group) (Figure 4).  

4.2��treatMent�Of�MenOrrhagia��

with�hySterectOMy�Or�lng-iuS

Each hysterectomy was performed either abdominally, vag-
inally or laparoscopically by (or supervised by) an experienced gy-
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table�2. Baseline characteristics  
of the study population
 hysterectomy lnG-ius  p-value
 (n=117) (n=119)

Age (y) 43.1 ± 3.2 43.1 ± 3.5 NS
BMI (kg/m2) 25.1 ± 4.5 26.6 ± 5.1 0.02
Serum FSH (IU/L) 8.3 ± 7.0 8.7 ± 8.9 NS
Menarche (y) 12.9 ± 1.4 12.8 ± 1.5 NS
Parity 2.0 ± 1.2 2.1 ± 1.0 NS
Tubal ligation 25 ± 46.3 25 ± 47.2 NS
Living with partner 90 (76)  92 (79) NS
Education
High school 33 (28) 39 (32) NS
College 47 (40) 52 (44) NS
University 37 (32) 28 (24) NS
Unemployed 8 (7) 10 (8) NS
Smoker 38 (33) 27 (26) NS

Data are given by means ± SD or n (%) 
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naecological surgeon. The mean waiting time for operation was 6.7 
months (range 12 days to 21 months), with the waiting time 
varying between the study centres.

The LNG-IUS (Mirena®, former Levonova®, Bayer Scher-
ing Pharma, Turku, Finland), which releases 20 µg of LNG in 
24 hours, was inserted during the randomisation visit on cy-
cle day 1-7. The LNG-IUS consists of a plain plastic T-shaped 
frame of measuring 32 mm with a steroid reservoir around the 
vertical stem (Figure 1). This reservoir cylinder is made of a 
LNG and polymethylsiloxane mixture and it contains 52 mg 
of LNG (Luukkainen et al. 1990).  

4.3�end�pOint�paraMeterS

4.3.1�Ovarian�functiOn

Menopausal symptoms were recorded by using Kupperman’s 
test in Study I. This test consists of ten questions on meno-

pausal symptoms including hot flashes, sweating, insomnia, 
nervousness, melancholy, vertigo, weakness, pain, headache 
and palpitation. The scores range from 0 to 3 (none, mild, 
moderate, severe). The Kupperman index was calculated by 
adding weight to certain responses and adding the values to-
gether to get a single numerical score for severity of menopau-
sal symptom (Kupperman et al. 1959).

At randomisation and after 6- and 12- month periods se-
rum samples to measure parameters of ovarian function were 
drawn. The randomisation samples were drawn on cycle days 
1 – 7. Later the women were either hysterectomised or on the 
LNG-IUS, and therefore menstruation could not be used to 
evaluate the time of the cycle, and serum oestradiol and pro-
gesterone concentrations were measured. The hormone con-
centration limits during the cycle and intra- and inter-assay 
coefficients are shown in Table 3. A similar amount of wom-
en were in the luteal phase in the Study II (n = 3 in the hys-
terectomy group and n = 4 in the LNG-IUS group). An im-
munofluorometric method (Wallac, Turku, Finland) was used 
to measure serum FSH concentrations and 125I-RIA kits 
(DPC Corporation, Los Angeles, CA, USA) to measure se-
rum oestradiol and progesterone concentrations. In Study III, 
women were categorized to be menopausal if their serum FSH 
concentration exceeded 40 IU/L, or they used or had used 
ET. This cut-off point was chosen to reduce the effect of cyclic 
variation in serum FSH levels. Enzyme-linked immunosorb-
ent assay (ELISA from Diagnostic System Laboratories, Inc., 
Webster, TX, USA) was applied to measure serum inhibin B 
concentrations. For inhibin B concentration, the limit of de-
tection was 7 ng/L. Inhibin B concentrations between 0.01 
and 7 ng/L were assigned a value of 3.5 ng/L (mean). Inhibin 
B concentrations over 300 ng/L were excluded from the anal-
ysis in accordance with the manufacturer’s instructions (one 
in the hysterectomy group at baseline and one in the LNG-
IUS group at one year). 

An experienced gynaecologist measured ovarian and intrao-
varian artery circulation (n=60) by transvaginal ultrasound 
(TVS) at randomisation, and at 6 and 12 months. To reduce 
the effect of circadian variation on results, TVS was always 
performed between 10:00 h and 12:00 h by using a 9.5-MHz 
broadband probe (ATL, HDI 3000, Bothell, WA, USA) (Za-
idi et al. 1995). A colour Doppler was used for imaging ovar-

ian and intraovarian arteries. The pulsatility index (PI) was 
measured from representative flow velocity waveforms of ves-
sels, including three cardiac cycles, by the following formu-
la: PI = (A – B)/mean, where A is the peak systolic Doppler 
shift frequency and B is the end-diastolic shift frequency over 
the cardiac cycle (Gosling. 1976). For statistical analysis, a 
mean of the left and right intraovarian artery PIs was calcu-
lated. In the hysterectomy group the measurements were suc-
cessful in 28 at randomisation, 20 at 6 months, and 13 at 
12 months. Respectively, in the LNG-IUS group the corre-
sponding numbers were 18, 12 and 16. If a unilateral ovarian 
cyst was present (n = 4 in the hysterectomy group and n = 12 
in the LNG-IUS group), only the value from the cyst-free side 
was used. Temporal variability and reproducibility of the PI 
was tested in ten patients by measuring variables three times 
at 10-min intervals (Tekay and Jouppila. 1996).

4.3.2�bMd

Bone mineral density (BMD) was measured at the lumbar 
spine (L2 – L4) and at the right femoral neck at randomisa-
tion and five years later on by dual-energy x-ray absorptiom-
etry (DXA, Hologic., Inc, QDR 1000 W, Waltham, MA, 
USA). BMD was expressed as g /cm2. The precision of the 
method was 0.9 % at the lumbar spine and 1.2 % at the fem-
oral neck.

4.3.3�Sexual�functiOning

Sexuality was assessed by McCoy’s Sex Scale, as modified by 
Wiklund, at randomisation, 6 months, 12 months, and at 5 

years (McCoy and Davidson. 1985, Wiklund et al. 1993a). 
At the beginning of the questionnaire, definitions for rela-
tionship, partner, intercourse and sexual actions were pro-
vided to ensure a similar understanding of the questions. A 
question about intercourse frequency was also added. The 
scale has three subscales: sexual satisfaction (five items), sex-
ual problems (two items) and satisfaction with partner (three 
items). The scores range from 1 to 7 (1 never, and 7 always). 
The scales’s internal consistency (α-coefficient) is 0.64 – 0.68 
(Wiklund et al. 1993a).  

4.4�StatiStical�analySeS

The data were analysed by an SPSS 11.0 version for Windows 
(SPSS Inc., Chicago, IL, USA). The size of the study popula-
tion was set by power calculations. The target of 115 patients 
for each treatment group was set by power calculations based 
on Health-Related Quality of Life measured by five-dimen-
sional EuroQol (Hurskainen et al. 2001). The power calcu-
lations were also performed for present studies. The Study II 
had at 5% α –level a power of 80 % to detect a 32 % differ-
ence in serum inhibin B concentrations, 24 % difference in 
ovarian blood flow, and 13 % difference in intraovarian blood 
flow. Study III, in turn, had similar power to detect a 10 % 
difference in BMD of femoral neck and lumbar spine. The 
baseline characteristics were tested separately for studies I and 
IV, as well as II and III. Analyses were performed both by in-
tention-to-treat principle and by actual treatment. Because of 
a randomised study setting, the women were included in the 
analyses regardless of their menstrual phase, oophorectomy status, or 

4. Patients and methods

table�3. the used ranGe of horMone concentrations  
durinG the Menstrual cycle and the assay coefficients
hormone follicular phase ovulation luteal phase Menopause intra-assay inter-assay
     coefficient (%) coefficient (%)

FSH (IU/L) ¹ 1 – 10 12 – 25 1 – 8 >30 3.8 4.3
Inhibin B (ng/L) ² 75 – 95 100 – 165 5 – 20 <5 5.0 7.0
Oestradiol (nmol/L) ¹ 0.11 – 0.44 0.55 – 1.29 0.37 – 0.77 <0.13 5.7 6.4
Progesterone (nmol/L)¹ 1 – 7 1 – 7 14 – 62 <3 3.7 5.4

1 www.huslab.fi
2 Groome et al. 1996

Figure 4. the Methods used durinG  
the follow-up in different studies.
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5. results

Karoliina Halmesmäki
Impact of hysterectomy and levonorgestrel-releasing intrauterine system on ovarian function,  

bone and sexual health in menorrhagic patients

ET use. Only for Study II, oophorectomy status and ET use were tak-
en into an account. In Study I for serum FSH concentrations 
data were also analysed by age (younger than 43 years vs. older 
than 43 years). In Study II, women who were originally ran-
domised to the LNG-IUS group but hysterectomised (n=12), 
or those whose LNG-IUS was removed (n=3) were excluded. 
Also excluded were women randomised to the hysterectomy 
group, but not operated on (n=2). Moreover, all oophorect-
omised women or women on ET were excluded (n=4). Thus, 
46 women were included in the analyses for the hysterectomy 
group and 36 women for the LNG-IUS group. Student’s t-test 
for independent samples was used to analyse the differences 
in variables with normal distribution and Mann-Whitney U–
test for variables with non-normal distribution. Differences 
in categorical variables were tested by the X2 -test. Changes in 
end point parameters between the groups were tested by the 
Student’s t-test for independent samples. Changes within the 
group, in pre-treatment and in post-treatment, were tested by 
the Student’s t-test for dependent samples when parameters 
followed normal distribution and by the Wilcoxon signed-
rank test, when parameters were not normally distributed. A 
univariate linear regression model was used to test factors as-
sociated with change in variables and contributing factors. 
The potential contributing factors were added either in con-
tinuous (e.q. changes in variables of study, BMI and age) or 
in dichotomised form (e.q. treatment modality, parity, sterili-
sation and smoking). Variables showing a significant correla-
tion were also tested in a multivariate regression model. More-
over, in Studies II and IV, a multivariate model was generat-
ed adjusting for the outcome variable (treatment modality, se-
rum FSH concentration (IU/L), age, BMI and smoking for 
Study II and treatment modality, BMI, ET, living with part-
ner and smoking for Study IV). P-values <0.05 were consid-
ered significant. ■
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table�4. the chanGe in KupperMann index scores  
12 Months after hysterectoMy or insertion of lnG-ius. 
 hysterectomy   lnG-ius 
 change ± sd p-value change ± sd  p-value p-value 
  within the groups   between the groups

Kupperman index  - 3.04 ± 7.96 NS -3.12 ± 8.38 NS NS
Hot flashes  0.21 ± 0.97 0.02 0.03 ± 0.74 NS NS
Night sweats  0.14 ± 0.99 NS - 0.1 ± 1.08 NS NS
Nervousness  0.84 ± 0.85 <0.0001 1.06 ± 0.95 0.04 NS
Insomnia   - 0.38 ± 0.97 <0.0001 - 0.24 ± 1.08 0.03 NS
Palpitations  - 0.22 ± 0.9 0.01 - 0.19 ± 0.85 0.02 NS
Melancholy   - 0.14 ± 0.67 0.03 - 0.12 ± 0.54 0.02 NS
Weakness   - 0.41 ± 0.93 <0.0001 - 0.37 ± 0.89 <0.0001 NS
Headache  0.53 ± 0.75 <0.0001 0.85 ± 0.93  <0.0001 0.01
Vertigo   - 0.21 ± 0.95 0.03 - 0.3 ± 0.83 0.0002 NS
Pain in muscles  -1.22 ± 0.98 <0.0001 - 0.9 ± 0.99 <0.0001  0.03

5.1�Ovarian�functiOn�(StudieS�i�and�ii)

At the 12-month follow-up, hot flashes increased significant-
ly among hysterectomised women, but not among the LNG-
IUS users. On the other hand, pain and  headache were more 
common in the LNG-IUS group (Table 4). Serum FSH in-
creased more among hysterectomised women than among 
LNG-IS users (Figure 5). A decrease in serum inhibin B con-
centration was evident in both treatment groups six months 
after the treatment (Figure 6). Blood flow in the ovarian ar-
tery remained unchanged (Figure 7), but intraovarian artery 
PI decreased in the hysterectomy group (Figure 8). The differ-
ence was significant between the groups both at 6 months (P= 
0.0001) and at 12 months (P = 0.004).

HysTEREcTomy gRouP

During the one-year follow-up the Kupperman score did not 
change. However, insomnia, palpitations, melancholy, weak-
ness, vertigo, pain in muscles, nervousness, and headache im-
proved, but hot flashes worsened (Table 4). In regression analy-
sis hot flashes asscociated with hysterectomy (OR 3.5, CI 1.27-
9.50) and age (OR 1.24, CI 1.04-1.42). Serum FSH increased 
both among older (> 43 years) and younger (< 43 years) women 
(Table 5). The mean serum oestradiol level was 0.28 nmol/L (SE 
0.02) in the hysterectomy group and did not differ from the correspond-

5. Results
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ing value (0.30 nmol/L) for the LNG-IUS group. In the regression anal-
ysis, serum FSH concentration associated positively with both 
age (P = 0.001) and hysterectomy (P = 0.020).

Serum inhibin B concentrations decreased from 48.62 ng/
L (SD 46.34) at randomisation to 25.78 ng/L (SD 36.16) at 6 
months,  and to 18.86 ng/L (SD 29.21) at 12 months (P = 0.02 
for the first 6 months vs. baseline) (Figure 6). Women whose 
serum inhibin B concentrations were below 7 ng/L at baseline 
(n=26) had significantly higher serum FSH level (P = 0.01) and 
tended to smoke (P = 0.06) more often than those whose se-
rum inhibin B concentrations were above 7 ng/L. In the regres-
sion analysis, a decrease in inhibin B concentration associated 
with hysterectomy (P = 0.05) and serum FSH concentration (P 
= 0.01) (Table 6).

Ovarian artery PI did not change during the follow-up 
(Figure 7). However, PI of the intraovarian arteries decreased 
significantly (Figure 8). Women whose PI measurements were 
successful at randomisation were younger (P = 0.04) and had 
higher serum inhibin B concentrations (P = 0.03) than those 
for whom PI measurements were unsuccessful. The PI of the 
intraovarian arteries decreased from 0.99 (SD 0.37) at base-
line to 0.67 (SD 0.16) at 6 months and 0.66 (SD 0.18) at 12 

months (P=0.01) (Figure 8). Multiple regression analysis re-
vealed a significant association between change in PI of in-
traovarian artery and hysterectomy (P = 0.03) (Table 6).

LNg-Ius gRouP

The Kupperman index did not change during the follow-up. 
However, after a year of LNG-IUS use, many of the general 
symptoms improved, but pain and headache increased (Ta-
ble 4). The regression analysis showed associations between 
pain and LNG-IUS use (OR 1.7, CI 1.06-2.88). Serum FSH 
concentration did not change either in the whole study group 
or when the data were examined according to age (<43 years 
and > 43 years) (Table 5). Serum oestradiol concentration was 
0.30 nmol/L (SE 0.02).

Because 24 (20%) of the women originally randomised to 
the LNG-IUS group were hysterectomised, the results were 
also analysed according to occurred treatment (n = 81 for 
LNG-IUS use and n = 121 for hysterectomy). This had no 
significant effect on the outcome.

Serum inhibin B concentrations decreased from 55.10 ng/
L (SD 57.07) at randomisation to 25.63 ng/L (SD 38.85) af-
ter 6 months, and to 14.52 ng/L (SD 22.73) after 12 months 
(P = 0.001 for the first 6 months) (Figure 6). 

 The PI of the ovarian arteries did not change (Figure 7). The 
PI of the intraovarian arteries increased transiently, but at the 12-
month follow-up the increase was no longer evident (Figure 8). 

5.2�bMd�(Study�iii)

The groups had no statistically significant difference in BMD 
either at lumbar spine or femoral neck. The treatment modality did 

table�6. Multivariate reGression Model of inhiBin  
B concentrations and intraovarian artery Blood flow
change in inhibin B concentration

 Standardised coefficients 95% confidence P-value
 Beta interval

Treatment modality - 0.38 - 43.00 – 0.10 0.05
Serum FSH concentration (IU/L) - 0.60 - 5.44 –  -1.09 0.01
Age 0.02 - 5.69 – 6.25 0.92
BMI 0.28 - 1.10 – 8.30 0.13
Smoking - 0.02 - 2.80 – 2.48 0.90

change in intraovarian artery blood flow

 Standardised coefficients 95% confidence P-value
 Beta interval

Treatment modality 0.49 0.02 – 0.35 0.03
Serum FSH concentration (IU/L) 0.17 - 0.01 – 0.02 0.37
Age 0.23 - 0.02 – 0.08 0.24
BMI - 0.28 - 0.06 – 0.01 0.19
Smoking - 0.06 - 0.46 – 0.35 0.78

5. Results

table�7. study population characteristics related to BMd (study iii).
  hysterectomy lnG-ius p-value
  (n=54) (n=53)

Daily calcium intake (mg) 1107 ± 495 982 ± 512 NS
Physical activity (hours/week x intensity) 7.3 ± 9.0 8.5 ± 9.6 NS
Alcohol consumption (doses/week)   NS
 <2 27 (50%) 29 (55%) NS
 2.1 – 5. 0 15 (28%) 14 (26%) NS
 >5 12 (22%) 9 (17%) NS
Lactose intolerance 11 (20%) 12 (23%) NS
Use of diuretics 7 (13%) 8 (16%) NS
Occasional use of oral corticosteroids 6 (11%) 3 (6%) NS
History of fracture* 6 (11%) 6 (11%) NS

Data are given by means ± SD or n (%)
*All distal radius

table�5. seruM fsh concentrations (iu/l) By study Group and aGe
  age < 43 years   age > 43 years

  Baseline 12 months Change  P between Baseline 12 months Change P between
 i U/L ± SE IU/L ± SE IU/L ± SE groups  IU/L ± SE IU/L ± SE IU/L ± SE groups

Hysterectomy 6.82 ± 0.84 8.56 ± 2.16 1.74 ± 1.50 0.03 9.60 ± 1.05 20.59 ± 3.48 10.99 ± 2.23 0.006
LNG-IUS 6.64 ± 2.96 4.80 ± 3.03 1.84 ± 3.00   10.29 ± 1.56 12.32 ± 1.70 2.03 ± 1.62

Baseline 6 month 12 month
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not explain the change in BMD in the lumbar spine or femoral neck. 
Smoking was associated with BMD change among the LNG-
IUS users (P = 0.004 for the lumbar spine; P = 0.07 for the 
femoral neck). Also ET use correlated with BMD change in 
the femoral neck (P = 0.02).

HysTEREcTomy gRouP

Of the 54 women, 24 (44%) were menopausal. BMD was 
measured in all women at randomisation and in 49 women 
at the five-year follow-up. No women reported bone fractures 
during the follow-up. Table 7 shows additional demographic 
baseline characteristics of the participants.

BMD decreased both at the lumbar spine and femoral 
neck. During the follow-up 27 (51%) of the women orig-
inally randomised to the LNG-IUS group underwent hys-

terectomy. The results were also analysed by actual LNG-
IUS use (n=25) vs. hysterectomy (n=77). Results were 
comparable to the intention-to-treat analyses (Table 8). In 
the regression analysis, treatment modality was not asso-
ciated with BMD change in the lumbar spine or femoral 
neck. Moreover, none of the potential explaining factors 
(treatment, smoking, ET use, BMI, oophorectomy, calci-
um use, physical activity) explained the change in BMD at 
either site. 

LNg-Ius  gRouP

After five years, the LNG-IUS was in situ in 25 women 
(47%). Twenty-seven women (51%) had undergone a hyster-
ectomy. Of the 53 women, 21 (40%) were menopausal. BMD 
was measured in 50 women at randomisation and in 48 wom-

5. Results

table�9. Multivariate Model  
to explain chanGes in sexual  
functioninG after treatMent.
 standardised  95% ci p-value
 coefficient ß
change in
sexual satisfaction
Treatment modality 0.14 0.002, 2.31 0.05
Body mass index -0.11 -0.21, 0.02 0.12
Oestrogen therapy 0.01 -1.26, 1.54 0.84
Smoking -0.04 -1.53, 0.92 0.62
Living with partner 0.08 -0.63, 2.18 0.28

change in
sexual problems
Treatment modality -0.15 -1.35, -0.06 0.03
Body mass index 0.05 -0.04, 0.09 0.52
Oestrogen therapy -0.05 -1.09, 0.48 0.44
Smoking 0.00 -0.69, 0.69 1.00
Living with partner -0.05 -1.07, 0.50 0.48

change in
partner satisfaction
Treatment modality 0.06 -0.57, 1.38 0.42
Body mass index 0.02 -0.09, 0.11 0.83
Oestrogen therapy 0.05 -0.83, 1.62 0.52
Smoking 0.27 0.80, 2.94 0.001
Living with partner -0.09 -2.44, 0.62 0.24

en after five years. No women reported bone fractures during 
the follow-up period.

BMD decreased at femoral neck, but not at lumbar spine 
(Table 8). Among the women using LNG-IUS throughout 
the study (n=25), results were similar to intention-to treat 
analyses. 

5.3�Sexual�functiOning�(Study�iv)

Six months after the treatment women in the hysterectomy 
group experienced less sexual problems and higher intercourse 
frequency than LNG-IUS users. Sexual satisfaction and part-
ner satisfaction did not differ between the groups.

HysTEREcTomy gRouP

Sexual satisfaction increased (Figure 9) and sexual problems 
decreased (Figure 10) six months after the operation. Further-
more, at the five-year follow-up, satisfaction with the partner 
increased  (Figure 11). 

Since 50 of the 119 women randomised to the LNG-IUS 
group were hysterectomised during the study, the data were 
also analysed by actual treatment. There were only minor dif-
ferences in outcomes compared to the intention-to-treat anal-
yses. After six months, the increase in intercourse frequency 
did not reach statistical significance. In addition, at the five 
year follow-up the hysterectomised women’s (n = 159) part-
ner satisfaction decreased (P = 0.02).

In univariate analyses, change in sexual satisfaction was not 
explained by individual factors tested (age, BMI, ET use, hot 
flashes, night sweats, vaginal dryness, lower abdominal pain, 
significant negative changes in life, smoking, lack of having 
someone with whom to ask for advice in difficult situations 
and having someone to share worries with). However, the de-
crease in sexual problems was explained by ET use, and a de-
cease in both night sweats and vaginal dryness. According to 
multivariate model hysterectomy explained the increase in sex-
ual satisfaction and the decrease in sexual problems (Table 9).

LNg-Ius  gRouP

In the LNG-IUS group, there was no change in sexual satis-
faction (Figure 9) or in sexual problems (Figure 10). Inter-
course frequency did not change. From the 12-month follow-
up onwards partner satisfaction had decreased (Figure 11). Since 50 of 
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table�8. Bone Mineral density (BMd, G/cM²) at 5-year follow-up.
lumbar spine
Intention-to-treat analyses

 Hysterectomy LNG-IUS P-value
 (n=49) (n=48) between groups
Baseline 1.059 ± 0.103 1.047  ± 0.109
At 5-years 1.042 ± 0.106 1.039 ± 0.124 
Change (%) 0.24 ± 0.740 0.07 ± 0.845 NS
P-value within groups 0.02 NS

Actual treatment analyses
 Hysterectomy LNG-IUS P-value
 (n=77) (n=25) between groups
Baseline 1.059 ± 0.104 1.037 ± 0.111
At 5-years 1.042 ± 0.108 1.036 ± 0.133 
Change (%) 0.22 ± 0.769 None NS
P-value within groups 0.01 NS

femoral neck
Intention-to-treat analyses
 Hysterectomy LNG-IUS P-value
 (n=49) (n=48) between groups
Baseline 0.846 ± 0.097 0.865 ± 0.096
At 5-years 0.816 ± 0.098 0.845 ± 0.100
Change (%) 0.72 ± 0.853 0.54 ± 0.974  NS
P-value within groups 0.0001 0.0001

Actual treatment analyses
 Hysterectomy LNG-IUS P-value
 (n=77) (n=25) between groups
Baseline 0.848 ± 0.096 0.872 ± 0.095
At 5-years 0.823 ± 0.097 0.846 ± 0.104
Change (%) 0.78 ± 0.926 0.42 (0.864) NS
P-value within groups 0.0001 0.002
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the 119 women randomised to the LNG-IUS group were hysterect-
omised during the study, the data were also analysed by actual 
treatment (n=57). There were only minor differences in out-
comes compared with the intention-to-treat analyses. Among 
LNG-IUS users (n = 59), the decrease in partner satisfaction 
at the 12-month follow-up did not quite reach statistical sig-
nificance (P = 0.06). 

According to the univariate analyses, the decrease in part-
ner satisfaction associated with night sweats, hot flashes, lack 
of having someone with whom to ask for advice in difficult 
situations and having someone to share worries with. Signif-
icant negative changes in life did not influence sexual func-
tioning. According to multivariate model smoking explained 
the decrease in partner satisfaction (Table 9).  ■
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6. Discussion

6.1�MethOdOlOgical�aSpectS

The randomised controlled ‘VuoKKo’ trial started in 1994 
with the primary objective of determining Health-Relat-
ed Quality of Life and respective costs of hysterectomy or 
LNG-IUS when treating menorrhagia (Hurskainen et al. 
2001, Hurskainen et al. 2004). In addition, it was also con-
ducted to study many other effects of these treatment op-
tions. For this thesis the end-point parameters were ovarian 
function, BMD and sexual functioning. They were includ-
ed in the original study design, and power calculations were 
performed to ensure that there was sufficient number of pa-
tients in these studies. Unfortunately, 42 % of the women 
assigned to the LNG-IUS group subsequently underwent a 
hysterectomy (Hurskainen et al. 2004). This may influence 
the LNG-IUS results. However, the results of these studies 
still show reliably the effect of the treatment decision. Actual 
treatment analyses were also performed, although it lowered 
the strength of randomisation. 

Comparing surgical and medical treatment of menorrhagia 
is demanding. The patients could not be blinded to the treat-
ment modalities. However, the gynaecologist performing the 
hysterectomy did not examine the patients at the follow-up 
visits. Also most of the women were referred to the hospital 
for operation and as a result they may have had the treatment 
preference. This may explain the relatively high discontinua-
tion rate with LNG-IUS. 

All five university hospitals in Finland were included in the 
study and the drop-out rate among the women participating 
in the study was low. This shows high commitment of both the 
participating women and the doctors. In addition the compli-
ance bias is absent in this study. Selection bias is unlikely as well, 
because the inclusion criteria followed general clinical guide-
lines and exclusion criteria were not overly strict. Not all wom-
en referred for menorrhagia complaints were included, because 
some did not provide consent and some were unable to meet 
the inclusion criteria. Thus, it is obvious that the study rep-
resents women eligible for both treatment options and results 
are therefore generalisable to all menorrhagia patients. More-
over, randomisation performed separately for each centre in 
randomly varying clusters, ensured similarity also between the 
sub-study groups. Statistical analyses confirmed that the groups 
were comparable and the randomisation was successful.

Since waiting time for the operation was several months 
and varied between the centres, the follow-up visits took place 
at 6 and 12 months counted from treatment and not from 
randomisation. However, the five-year visit was appoint-
ed according to a randomisation time. Questionnaires were 
sent home by post, allowing the patients sufficient time to re-
spond. ET use and smoking were also self-reported. This may 
have introduced a systematic recall bias but was avoided by 
randomisation. In addition, at the follow-up visits, the phys-
ical examination or the presence of a doctor did not influence 
the responses. 

6.2�Ovarian�functiOn�when�treating�MenOrrhagia

Hot flashes and serum FSH concentrations increased more 
among hysterectomised women than among LNG-IUS users. 
During the first six months serum inhibin B concentrations 
decreased in both groups. In the hysterectomy group only, 
the PI of intraovarian arteries decreased. In the multiple re-
gression model, hysterectomy associated with these changes. 
However, serum oestradiol levels remained constant indicat-
ing that the ovaries still responded to the FSH stimulus. The 
present results suggest that hysterectomy influences intraovar-
ian blood flow, which may, in turn, impair ovarian function. 
Moreover, the Kupperman score did not change.

Results are consistent with non-randomised studies in 
which climacteric hormonal profile and menopausal symp-
toms developed earlier among hysterectomised women than 
among women with an intact uterus (Cooper and Thorp. 
1999, Farquhar et al. 2005, Hartmann et al. 1995, Olden-
have et al. 1993). However, in a small case-control study, 
serum FSH concentrations did not differ between hyster-
ectomised women and controls during two-year follow-up 
(Chalmers et al. 2002).  In contrast to study by Oldenhave 
(1993), among hysterectomised women in our study, se-
rum FSH concentrations increased regardless of the women’s 
age. This may be explained by a larger sample size and a ran-
domised study setting.

An explanation for the mechanism of impaired ovarian 
function after hysterectomy is probably vascular. Diminished 
arterial blood flow increases ovarian congestion and oedema, 
resulting in stromal cell hyperplasia, thickening of the tunica 
albuginea and a significant decrease in follicular reserve (Souza et al. 
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1986). This in turn decreases inhibin B production and is seen as a rise 
in serum FSH concentration (Muttukrishna et al. 2002). Re-
ports on increased serum FSH concentration after both uter-
ine artery embolisation and sterilisation support this vascular 
theory (Kelekci et al. 2005, Tulandi et al. 2002). 

The Kupperman index was chosen to measure menopausal 
symptoms because it has been widely used to characterise and 
quantify menopausal symptoms since its publication (Kup-
perman et al. 1959). This also facilitates the comparison of re-
sults from different studies. Originally, the Kupperman test 
of menopausal distress was developed to measure symptoms 
in menopausal women. As women participating in the study 
were premenopausal, the Kupperman index may have been 
too robust to adequately detect minor differences between the 
groups. A new method to rate menopausal symptoms has sub-
sequently been published (Schneider et al. 2000). The Men-
opause Rating Scale was only published in German (Hauser 
et al. 1994) when this study began. The English version was 
published in 2000 (Schneider et al. 2000). We considered it 
inappropriate to change the method during the study. Caus-
es other than menopause can explain symptoms like vertigo, 
headache and muscle pain. The short duration of the follow-
up also remains a problem, as serum FSH concentration rose 
mainly during the last six months of the study. 

Serum FSH and inhibin B concentrations were used to 
measure ovarian function. Even though a rise in serum FSH is 
a late phenomenon in menopausal transition, it gives clinical-
ly relevant information on menopausal status. Serum inhibin 
B concentration is, however, a more sensitive marker of ovari-
an function, since its concentrations start to decline before the 
rise in serum FSH concentration (Overlie et al. 2005). At ran-
domisation blood samples were drawn on cycle day 1 – 7, and 
subsequent blood samples were drawn at follow-up visits. 

As women had been hysterectomised or used LNG-IUS, 
it was then impossible to evaluate the time of the cycle from 
menstruation. As serum FSH, inhibin B concentrations and 
ovarian blood flow vary during the cycle, serum oestradiol 
and progesterone concentrations were measured to determine 
the time of the cycle. Since inter-individual and inter-cyclic 
variation exist both in serum FSH (Fanchin et al. 2005) and 
inhibin B concentrations (Groome et al. 1996), it would have 
been useful to draw blood samples over two or three cycles. 

The randomised study setting, however, rules out some bi-
as. AMH is a novel marker of ovarian ageing (Ficicioglu et al. 
2006) with lower cyclic variability (Fanchin et al. 2005). It 
would have been interesting to evaluate serum AMH concen-
trations. However, when the study was planned, the sensitiv-
ity of the AMH assay was low and it was likely that differenc-
es between the groups in women of this age could not be de-
tected. Interestingly, a recent study reported the usefulness of 
AMH in predicting menopausal transition (van Rooij et al. 
2004). Despite this, the role of AMH in controlling the hy-
pothalamic-pituitary-ovarian feedback loop requires further 
research (Messinis. 2006). 

Ovarian artery blood flow was measured from the ovarian 
and intraovarian arteries by the PI using a two-dimensional 
Doppler. The method is sensitive to changes, and therefore, 
PIs were always measured by the same experienced sonogra-
pher at the same time of day (Zaidi et al. 1995). How well in-
traovarian artery PI actually represents the blood flow of the 
whole ovary is, however, unknown. Three-dimensional power 
Doppler or isotopic angiography, probably would have been 
superior in measuring ovarian stromal circulation (Janson and 
Jansson. 1977, Raine-Fenning et al. 2003). However, the in-
traobserver coefficient of variation for intraovarian artery PIs 
is 10 – 15 % (Tekay and Jouppila. 1996). The difference in in-
traovarian artery PIs between the study groups exceeded this 
variation significantly.  

Endpoint parameters after hysterectomy were compared 
to those among LNG-IUS users. This should not influence 
the results as LNG in small serum concentration has only a 
weak effect on ovarian function and systemic side-effects are 
scarce (Barbosa et al. 1990, Rönnerdag and Odlind. 1999). 
Among LNG-IUS users the serum FSH concentration bare-
ly increased. This minimal rise corresponds to the age-relat-
ed change in women of similar age with healthy reproductive 
histories (Erdem et al. 2002). Also a change in BMD did not 
differ from the expected age-related decrease (Bainbridge et 
al. 2002). 

Smoking alters ovarian function, which is seen in earlier 
menopausal symptoms, increased serum FSH concentrations 
and decreased serum inhibin B concentrations (Cooper et al. 
1995, Cramer et al. 1995, Lambert-Messerlian and Harlow. 
2006). In this study population, smoking was not associat-

ed with diminished ovarian function. Because the effect of 
smoking on ovarian function is dose-dependent (Cramer et 
al. 1995) and only 12 % of women smoked more than 10 cig-
arettes per day in our study, smoking probably had a minimal 
effect on ovarian function. 

Granulosa cells of developing antral follicles secrete inhib-
in B, which controls FSH secretion by a negative feedback 
loop (Muttukrishna et al. 2002). As inhibin B represents the 
antral follicle pool of the ovaries, the decrease in its concen-
tration may be the earliest marker of declining ovarian re-
serve (Muttukrishna et al. 2000). It has been shown that se-
rum inhibin B concentrations decrease 12 months after total 
abdominal hysterectomy, but serum FSH concentrations do 
not change (Nahas et al. 2003). In our study, serum inhibin 
B concentration declined rapidly in both groups. Due to the 
fact that during menopausal transition the decline in serum 
inhibin B concentration accelerates, and the women in our 
study were eight years older than women in the study by Na-
has, it is possible that women in our study were already in the 
phase of accelerated inhibin B decline, and the difference be-
tween the study groups was not detected. Perhaps a more fre-
quent sampling during the first six months of the study would 
have helped to see whether the decrease was faster in the hys-
terectomy group.

Recently, a decrease in ovarian artery PI a year after hyster-
ectomy was found (Petri Nahas et al. 2005). In our study, PI 
of ovarian arteries did not change, whereas the PI of intrao-
varian arteries decreased only among hysterectomised wom-
en. As PI correlates negatively with blood flow, ovaries may try 
to compensate posthysterectomy ischaemia by vasodilatation. 
The effect of LNG-IUS on ovarian function has not been re-
ported, but the device may increase uterine artery PI in some 
LNG-IUS users (Järvelä et al. 1998). Slightly more ovarian 
cysts were present among LNG-IUS users than among hyster-
ectomised women. Benign ovarian cysts may have some effect 
on intraovarian flow (Kurjak et al. 2002). Therefore, the val-
ues obtained from cyst-affected sides were excluded. 

6.3�bMd�when�treating�MenOrrhagia

After five years of the treatment, BMD at the lumbar spine 
and the femoral neck did not differ between the groups. How-
ever, BMD decreased significantly in the lumbar spine in the 

hysterectomy group, but not in the LNG-IUS group. Treat-
ment modality, age, parity, body mass index, alcohol con-
sumption, physical activity, cigarette smoking, ET or other 
drug use did not explain the change. The change of the BMD 
in the femoral neck was similar in both groups.

In both study groups, BMD decreased in the femoral neck. 
The decrease in BMD corresponded to the decrease in BMD 
in age-matched women with normal reproductive histo-
ry (Bainbridge et al. 2002). Femoral neck BMD is linked to 
muscle mass, and high grip-strength indicating good mus-
cle-strength, which protects from bone loss in the femoral 
neck (Sirola et al. 2003). Since muscle mass is replaced by fat 
mass as women get older, this may influence bone loss (Sow-
ers et al. 1992). LNG-IUS did not affect BMD in the lum-
bar spine. This is in accordance with a previous study in which 
LNG-IUS had no impact on the BMD in the forearm (Ba-
hamondes et al. 2005). Interestingly, among depot medrox-
yprogesterone acetate users, bone resorption in the lumbar 
spine exceeds bone formation (Ott et al. 2001). This is proba-
bly explained by 20-30 times higher serum progestin concen-
trations when compared to LNG-IUS users (Mathrubutham 
and Fotherby. 1981). Thus, if risk factors for osteoporosis are 
present, LNG-IUS use may be beneficial. The effect of hys-
terectomy on BMD in the lumbar spine may be mediated 
through impaired ovarian function. Elevated serum FSH con-
centration and menopausal symptoms appear earlier among 
hysterectomised women than among women whose uterus is 
preserved (Farquhar et al. 2005, Oldenhave et al. 1993, Stad-
berg et al. 2000). As the lumbar spine requires higher serum 
oestradiol concentrations than the femoral neck to preserve 
BMD (Guthrie et al. 2004), hysterectomy may influence 
BMD at that location, but not at the femoral neck. Moreo-
ver, bone turnover markers are decreased in hysterectomised 
women (Cheng et al. 2003). BMD was measured by DXA 
from the lumbar spine and femoral neck. Even if quantitative 
computed tomography would be able to distinguish cortical 
bone from trabecular bone, and is more sensitive to changes 
in BMD (Lane. 2006), DXA is clinically the most often used. 
This method of measurement already exists and access to it 
was convenient. The results are also reproducible (Briot and 
Roux. 2005). Although a significant difference in BMD be-
tween the study groups was not seen, extending the follow-up might 

6. Discussion
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have revealed the differences in postmenopausal bone loss. 
Results from studies focusing on BMD and hysterecto-

my have been controversial. Improved (Cheng et al. 2003, 
Grainge et al. 2001, Tuppurainen et al. 1995), stable 
(Shilbayeh. 2003) and decreased (Duraes Simoes et al. 1995, 
Watson et al. 1995) BMD after hysterectomy have been re-
ported. Only one study reported the effect of LNG-IUS on 
BMD. The effect of LNG-IUS on BMD at mid-shaft of the 
ulna and distal radius BMD was similar to the copper-IUS 
(Bahamondes et al. 2005). 

All these previous studies on hysterectomy or LNG-IUS 
have been non-randomised and prone for bias. The effect of 
confounding factors has been difficult to rule out. Our ran-
domised study setting diminishes the probability of bias, and 
including of possible confounding factors to the study proto-
col made possible comprehensive regression analyses. 

The positive influence of oestrogen on BMD has been well-
demonstrated (Sirola et al. 2003). Also BMI is linked with 
BMD. BMI < 25kg/cm² is associated with low BMD and in-
creased vertebral fracture risk (Nevitt et al. 2005). High body 
weight may affect BMD by increasing mechanical stress on 
bone and enhancing peripheral conversion of androstendi-
one to estrone (Murillo-Uribe et al. 2000). Smoking has sev-
eral anti-oestrogenic effects and may decrease BMD by im-
pairing ovarian function and increasing oestrogen turnover in 
the liver (Lambert-Messerlian and Harlow. 2006, Mueck and 
Seeger. 2005). In the LNG-IUS group, but not in the hyster-
ectomy group, the BMD decrease was associated with smok-
ing. This difference between the groups may be explained by 
the small number of women. Moreover, the effect of hysterec-
tomy on BMD may mask the effect of smoking. 

Being the first randomised study in this field, there are some 
limitations in interpreting the results. The present study had 
a relatively small number of patients, and the high number of 
hysterectomies in the LNG-IUS group confounds the setting. 
However, according to power calculations, it was possible to 
detect a 10 % decrease in BMD, if such existed. Moreover, the 
short follow-up and use of ET remained a problem. ET use 
was, however, equally common in the study groups. Since half 
of the women were hysterectomised during the study period, 
the results were also analysed according to actual treatment. 
This did not influence the outcome. Certainly, bone turno-

ver markers would have been important to analyse as well, for 
change in osteocalcin predicts vertebral fracture better than 
changes in BMD (Sarkar et al. 2004). 

6.4�Sexual�functiOning�when�treating�MenOrrhagia

Women in the hysterectomy group experienced less sexual 
problems and higher intercourse frequency than LNG-IUS 
users. After one year, hysterectomised women were also more 
satisfied with their partners than women using LNG-IUS. 

 Our results are in line with previous randomised studies. 
According to these studies hysterectomy has no negative ef-
fect on sexual functioning (Ellström et al. 2003, Rhodes et al. 
1999, Thakar et al. 2002, Zobbe et al. 2004), but may in fact 
improve it (Kuppermann M. et al. 2005). This may be relat-
ed to the indication of hysterectomy. If a hysterectomy is per-
formed for a bothersome reason, and the hysterectomy re-
lieves the symptoms, then there can be an improvement in 
sexual functioning. The effect of LNG-IUS on sexual func-
tioning has not been previously studied in a randomised study 
setting. However, it has been suggested that LNG-IUS should 
not disturb sexual intercourse (Baldaszti et al. 2003). Moreo-
ver, vaginal dryness is not expected as serum concentration of 
LNG is extremely low (Barbosa et al. 1990) and the influence 
of the device on ovarian function is limited (Xiao et al. 2003). 
Therefore LNG-IUS users are not expected to suffer from de-
vice-related impact on sexual functioning. 

Measuring sexual functioning is difficult, because a wom-
an’s sexuality is influenced by several psychosocial factors. The 
relative importance of one specific factor is difficult to qual-
ify and thus the effect of treatment should be studied in ran-
domised settings. Most of the studies concerning sexuality 
after treatments are related hysterectomy. The settings have 
been usually operation and not reason based. This study had 
an excellent follow-up with randomisation between operative 
and conservative treatment. Outcomes were based on vali-
dated instruments (McCoy and Davidson. 1985, Wiklund 
et al. 1993a) used before and after the intervention. Subjects 
were stratified for significant confounding and demograph-
ic characteristics. Not only treatment modality, but also sev-
eral other factors had an impact on sexual functioning. The 
sexual functioning was adjusted also by BMI, ET use, living 
with a partner and smoking. In the present study smoking was 

the only factor correlating with decreased partner satisfaction. 
Smoking associates with social skills (De Vogli and Santinel-
lo. 2005) and may also have an effect on sexual functioning. 
Moreover, smoking causes early menopause by directly di-
minishing ovarian reserve (Cooper et al. 1995, Lambert-Mes-
serlian and Harlow. 2006). ET alleviates menopausal symp-
toms and lubrication problems. Also in our study, ET use re-
lieved sexual problems. This may be explained by the assump-
tion that there is a decrease in vaginal dryness and increase in 
libido with ET use (Vestergaard et al. 2003). 

It is difficult to explain why partner satisfaction decreased 
among LNG-IUS users. The dynamics of the relationship 
were not analysed, as sexual partners were not interviewed. 
Sexual functioning may be influenced by lower abdominal 
pain experienced more often by LNG-IUS users than by hys-
terectomised women (Hurskainen et al. 2001). Moreover, 
while the study setting was randomised, women could not 
be blinded to treatment modality. Possibly women and their 
partners had expectations for receiving a hysterectomy and a 
more negative attitude towards LNG-IUS, as it was a novel 
treatment for menorrhagia in the late 1990s. Also, the inter-
mittent bleeding and spotting that occurred during the first 
six months of LNG-IUS use may have disturbed sexual func-
tioning. Age-related changes may also create discrepancies in 
sexual needs and decrease satisfaction with a partner. Howev-
er, this does not explain the difference between the groups in 
a randomised setting. Moreover, the clinical meaning of this 
finding remains to be studied. ■

6. Discussion



63

7. Future prospects

Karoliina Halmesmäki
Impact of hysterectomy and levonorgestrel-releasing intrauterine system on ovarian function,  

bone and sexual health in menorrhagic patients



65

7. Future prospects

7.�future�prOSpectS

The follow-up of these women continues. As the majority of 
the patients will reach menopause by the 10-year follow-up, 
it will be possible to evaluate cost-effectivenesss and Health-
Related Quality of Life at the end of reproductive life, when 
no additional costs from menorrhagia are expected. Moreo-
ver, since hysterectomy appears to impair ovarian function 
(Farquhar et al. 2005), and early menopause in turn has been 
linked to an increased risk for cardiovascular disease (Anon-
ymous 2006, Howard et al. 2005, Punnonen et al. 1987), an 
important area of future research is whether the incidence of 
cardiovascular disease is increased in women treated with hys-
terectomy or with LNG-IUS for menorrhagia. It has been 
postulated that hysterectomy may increase incidence of stress 
incontinence (Neumann et al. 2007). Therefore, the inci-
dence of urinary incontinence will also be evaluated in our 
study population. In all, the 10-year follow-up is anticipated 
to reveal significant information on long-term health of wom-
en treated for menorrhagia. 

The effect of hysterectomy or LNG-IUS on serum AMH 
concentrations and AFC remain to be studied. Results con-
cerning ovarian blood flow need to be confirmed by 3-di-
mensional ultrasound. Since hysterectomy seems to decrease 
BMD at lumbar spine, the effect of operation on fracture risk 
is important to know as population ages. Fracture risk assess-
ment requires a larger study sample with longer follow-up pe-
riod, however. Regarding sexual functioning, the effect of hys-
terectomy or LNG-IUS on partner satisfaction is an interest-
ing area of future research. Moreover, randomised control-
led studies comparing the effect of conservative and operative 
treatment on sexual functioning in symptomatic menorrhagia 
patients are still scarce. ■
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8. Conclusions

hySterectOMy�seemed to affect ovarian function and BMD 
more than LNG-IUS. Sexual functioning however, improved 
more among hysterectomised women than among LNG-IUS 
users. The conclusions are based on the following findings: 

1)  Increase in serum FSH concentration and menopau-
sal symptoms appeared earlier among hysterectomised 
women than among LNG-IUS users. 

2)  Decrease in serum inhibin B concentration did not dif-
fer between the groups, but ovarian blood flow changed 
only among hysterectomised women. 

3)  Decrease in lumbar spine BMD occurred among hys-
terectomised women, but not among LNG-IUS users. 
Femoral neck BMD decreased in both groups. 

4)  Sexual satisfaction increased and sexual problems de-
creased among hysterectomised women six months af-
ter the treatment. Intercourse frequency also increased. 
LNG-IUS did not have similar effects. Although the two 
groups did not differ at the one-year and five-year fol-
low-ups in terms of sexual functioning, partner satisfac-
tion among LNG-IUS users decreased. ■
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9. Summary in Finnish

tutKiMuS�KOOStui 236:sta naisesta, jotka lähettiin viiteen 
Suomen yliopistolliseen keskussairaalaan runsaiden kuukau-
tisten vuoksi vuosina 1994 – 1997. Naisista 117 satunnaistet-
tiin hoidettavaksi kohdunpoistolla ja 119 hormonikierukalla. 
Seurantakäynnit tapahtuivat puoli vuotta, vuosi ja viisi vuot-
ta hoidon jälkeen. Tutkimuksessa arvioitiin hoidon vaikutusta 
munasarjojen toimintaan, munasarjojen verenkiertoon, luus-
tontiheyteen ja sukupuolielämään.

Havaittiin, että kohdunpoisto saattaa heikentää munasar-
jojen toimintaa. Tämä ilmeni siten, että naisilla, joiden koh-
tu oli poistettu, esiintyi varhaisemmin kuumia aaltoja. Lisäk-
si seerumin FSH nousi. Ilmiöitä ei havaittu hormonikieruk-
kaa käyttävillä naisilla. Inhibiini B:n pitoisuus seerumissa sen 
sijaan väheni molemmissa potilasryhmissä yhtä nopeasti. Il-
miön saattaa selittää munasarjojen verenkierron muutos koh-
dunpoiston jälkeen. Kaksi-ulotteisella Doppler ultraäänellä 
mitattava, munasarjojen verenkiertoa kuvaava pulssi-indek-
si heikkeni merkittävästi kohdunpoiston jälkeen. Kierukka-
ryhmässä vastaavaa muutosta ei havaittu. Löydös havaittiin jo 
puoli vuotta kohdunpoiston jälkeen. 

Luuntiheys mitattiin radiologisesti sekä ennen hoitoa, et-
tä viisi vuotta hoidon jälkeen. Havaittiin, että naisilla, joiden 
kohtu oli poistettu, luuntiheys heikkeni sekä lannerangassa 
että reisiluunkaulassa. Hormonikierukkaa käyttävillä naisil-
la luuntiheys heikkeni ainoastaan reisiluunkaulassa. Ryhmien 

välille ei kuitenkaan syntynyt tilastollisesti merkittävää eroa. 
Hoitomuotojen vaikutus seksuaaliterveyteen määritettiin jo-
kaisen seurantakäynnin yhteydessä Wiklundin tapaan muo-
katulla McCoyn kyselyllä sukupuolielämästä. Kohdunpoisto-
ryhmän naisten tyytyväisyys sukupuolielämään lisääntyi ja su-
kupuolielämään liittyvät ongelmat vähenivät kuusi kuukautta 
leikkauksen jälkeen. Myös yhdyntätiheys lisääntyi. Hormoni-
kierukkaa käyttävien naisten tyytyväisyys sukupuolielämään 
ja sukupuolielämän ongelmat pysyivät muuttumattomina. 
Vuoden ja viiden vuoden seurantakäynneillä ryhmien välillä 
ei enää ollut eroa. Kuitenkin kierukkaa käyttävien naisten tyy-
tyväisyys kumppaniin alentui. ■
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