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Abstract
The mean age at natural menopause is 51 years, preceded by a gradual decline of ovarian function
(climacteric phase). One percent of women, however, experience menopause by the age of 40
(premature ovarian insufficiency, POI), and up to 12% experience menopause by the age of 45
(early menopause, EM). Women with POI are known to be at risk for some adverse health
outcomes, especially osteoporosis and cardiovascular diseases, while less is known about the
health consequences of EM. For some diseases, like diabetes, the evidence on the association of
menopausal status and age at menopause is controversial.
The objective of this study was to investigate health outcomes in women experiencing
menopausal transition by their mid-40s, compared to premenopausal women at the same age. The
main outcomes were a cardiovascular risk profile, glucose metabolism, vitamin D status and
prevalence of thyroid autoantibody positivity and dysfunction. The study population consisted of
female participants from the prospective Northern Finland Birth Cohort 1966 (NFBC1966) who
participated in the NFBC1966 46-year follow-up study. The 46-year-old participants were divided
into two groups—climacteric and preclimacteric—based on their level of follicle-stimulating
hormone (FSH) and menstrual anamnesis. The study outcomes were compared between the
groups at the age of 46 and some outcomes also at the age of 31.
The study results suggest that early-onset climacteric transition is an independent risk factor
for adverse changes in body composition, lipid profile, liver enzymes and insulin sensitivity. The
risk for thyroid dysfunctions in climacteric women was also slightly increased, even though the
prevalence of thyroid autoantibody positivity did not increase. Interestingly, the use of hormone
replacement therapy (HRT) was associated with higher vitamin D status in climacteric women, as
the results were adjusted with factors known to be related to vitamin D status.
In conclusion, early-onset menopausal transition should be considered a risk factor for adverse
health outcomes. Healthy lifestyle habits and the use of HRT may be beneficial in reducing this
risk.

Keywords: body composition, early menopause, estrogen therapy, insulin sensitivity,
lipid profile, menopausal transition, thyroid autoimmune disorders, vitamin D status

Savukoski, Susanna, Varhaisella iällä alkavien vaihdevuosien metaboliset
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Tiivistelmä
Keskimäärin 51 vuoden iässä nainen saavuttaa vaihdevuodet eli menopaussin. Tätä edeltää
munasarjojen toiminnan vähitellen tapahtuva hiipuminen eli klimakteerinen vaihe. Noin yksi
prosentti naisista saavuttaa menopaussin alle 40 vuoden iässä (ennenaikainen menopaussi), ja
jopa 12 prosenttia 40–45-vuotiaana (varhainen menopaussi). Ennenaikainen menopaussi lisää
monien epäedullisten terveysvaikutusten, erityisesti osteoporoosin sekä sydän- ja verisuonisairauksien riskiä, kun taas varhaisten vaihdevuosien terveysvaikutuksista on vain vähän tutkimustietoa. Useiden sairauksien, kuten diabeteksen, kohdalla tutkimusnäyttö sairauden puhkeamisriskin yhteydestä menopaussi-ikään ei ole toistaiseksi selkeää.
Tutkimuksen tarkoituksena oli selvittää 46 vuoden ikään mennessä alkavan klimakteerisen
vaiheen terveysvaikutuksia: sydän- ja verisuonisairauksien riskitekijöitä, sokeriaineenvaihduntaa, D-vitamiinipitoisuuksia ja kilpirauhasen autoimmuunivasta-aineiden ja toimintahäiriöiden
yleisyyttä. Tutkimuspopulaatio koostui Pohjois-Suomen syntymäkohortti 1966 naisista, jotka
osallistuivat kohortin 46-vuotisseurantatutkimukseen. Nämä naiset jaettiin kahteen ryhmään
vaihdevuositilanteensa perusteella. Ryhmäjako perustui follikkelia stimuloivan hormonin (FSH)
arvoon ja tietoihin sen hetkisestä kuukautiskierron toiminnasta. Terveysmuuttujia verrattiin tutkimusryhmien välillä 46 vuoden ja osaa muuttujista myös 31 vuoden iässä.
Tutkimustulosten perusteella varhainen vaihdevuosien alkamisikä on itsenäinen riskitekijä
epäedullisiin muutoksiin kehonkoostumuksessa, rasva-arvoissa, maksa-arvoissa sekä insuliiniherkkyydessä. Myös kilpirauhasen toimintahäiriöiden riski oli lievästi suurentunut, mutta
autoimmuunivasta-aineiden esiintyvyys ei eronnut ryhmien välillä. Lisäksi todettiin, että hormonikorvaushoidon käyttö oli yhteydessä korkeampaan D-vitamiinipitoisuuteen klimakteerisilla
naisilla, ottaen huomioon tunnetut D-vitamiinipitoisuuteen vaikuttavat tekijät.
Tutkimuksen perusteella varhainen vaihdevuosien alkamisikä tulisi huomioida riskitekijänä
epäedullisille terveysvaikutuksille. Terveelliset elämäntavat ja hormonikorvaushoito todennäköisesti kompensoivat riskiä.

Asiasanat: D-vitamiini, hormonikorvaushoito, insuliiniherkkyys, kehonkoostumus,
kilpirauhasen
autoimmuunisairaudet,
rasva-arvot,
vaihdevuodet,
varhaiset
vaihdevuodet
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1

Introduction

Menopause, ie., the final menstrual period (FMP), is experienced at the age of 50–
51 years on average in Western countries, and can be defined after 12 months
cessation of menstrual periods (Mishra et al., 2017). Early menopause (EM) is
defined as menopause occurring under the age of 45, and its prevalence has been
reported to be 7.6–12.2% (Golezar et al., 2019; Mishra et al., 2017). Altogether,
1.1–3.7% of women have been reported to experience premature ovarian
insufficiency (POI), which is defined as decline in the ovarian function by the age
of 40 (Golezar et al., 2019; Luborsky et al., 2003; Mishra et al., 2017).
Women with POI are at increased risk of several adverse health consequences,
such as cardiovascular morbidity (Muka et al., 2016; Roeters van Lennep et al.,
2016), decreased bone mineral density (BMD) (Popat et al., 2009) and depression
(Georgakis et al., 2016). The evidence on whether younger age at menopause is
associated with higher risk for diabetes is controversial (Brand et al., 2015; J. S.
Lee et al., 2013; Muka et al., 2017; Pandeya et al., 2018). As there is strong
evidence that POI exposes women to several morbidities, systemic hormone
replacement therapy (HRT) with estrogen as well as health counselling and
screening are recommended to improve the health of women with POI (Webber et
al., 2016). There is evidence that HRT use decreases the risk for diabetes (Pentti et
al., 2009), diminished BMD (Saarelainen et al., 2016) and cardiovascular morbidity
when the treatment is initiated shortly after menopause (Mikkola et al., 2017). Due
to insufficient evidence, official recommendations on how to treat women
experiencing EM are lacking. However, according to the findings of a few earlier
studies, EM does seem to be associated with impaired health (Løkkegaard et al.,
2006; Muka et al., 2016, 2017).
Low vitamin D (vitD) concentrations have been associated with many diseases,
such as cardiovascular diseases (CVDs) and type 2 diabetes, but the evidence on
whether vitD supplements improve cardiovascular risk profile are conflicting
(Kheiri et al., 2018). VitD is also known to play an important role in bone health
(Lips & Van Schoor, 2011). Hence, sufficient vitD status might be especially
beneficial for women facing menopause at an early age. Some earlier findings from
animal studies suggest that estrogen might improve vitD status by stimulating 25hydroxylase enzyme (Castillo et al., 1977; Saarem & Pedersen, 1987). The use of
oral contraceptive pills has been reported to be associated with higher vitD status
in women (Palaniswamy et al., 2017; Shirazi et al., 2013) , although earlier studies
17

did not find a significant association between estrogen containing HRT and vitD
concentrations (Rejnmark et al., 2006; Shirazi et al., 2013; Touvier et al., 2015).
Of POI cases, 4–30% are suggested to be of autoimmune origin (Kirshenbaum
& Orvieto, 2019). Comorbidity with autoimmune disorders, of which thyroid
autoimmune diseases and Addison’s disease are the most prevalent, in women with
POI is common (Domniz & Meirow, 2019). Up to 30% of the women with POI
have been reported to be thyroid peroxidase antibody (TPOAb)-positive (Ashrafi
et al., 2008; Goswami et al., 2006). Evidence is scarce on thyroid function and
autoimmunity in women facing menopausal transition in their 40s.
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2

Review of the literature

2.1

Menopause

2.1.1 The definition of menopause, climacteric and menopausal
transition
The term “menopause” refers to the FMP, which can be defined afterwards after a
cessation of menstrual periods for 12 months (Blümel et al., 2014; National
Collaborating Centre for Women’s and Children’s Health [UK], 2015). The term
“climacteric” refers to a longer period encompassing the decline in ovarian function
(Blümel et al., 2014). Perimenopause is the period preceding menopause and is
characterized by irregular periods (National Collaborating Centre for Women’s and
Children’s Health [UK], 2015). The Stages of Reproductive Aging Workshop
(STRAW+10) staging system divides menopausal transition into early and late
phases (Figure 1) (Harlow et al., 2012). The duration of the early phase is variable.
It is accompanied by persistent ≥ 7-day-change in the length of the menstrual cycle,
and a variable increase in follicle-stimulating hormone (FSH) (Harlow et al., 2012).
Intervals of amenorrhea for > 60 days, an FSH value > 25 IU/L, and vasomotor
symptoms are typical of the late perimenopausal phase, which usually lasts for 1–
3 years. (Harlow et al., 2012)

Fig. 1. The stages of reproductive aging, modified after Harlow et al. (2012). FSH =
follicle-stimulating hormone.
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2.1.2 Age at natural menopause
The average age at menopause in Western countries is 50-51 years (Costanian et
al., 2018; Mishra et al., 2017; National Collaborating Centre for Women’s and
Children’s Health [UK], 2015). The age at which menopause occurs varies widely,
but it is strongly determined by genetic factors, as shown in studies that have
investigated menopausal age in twins (de Bruin et al., 2001) and mother–daughter,
sister–sister and aunt–niece pairs (Murabito et al., 2005).
Environmental factors also seem to have some effect on menopausal age
(Costanian et al., 2018). Lower body mass index (BMI) has been suggested to be
associated with younger age at menopause, whereas higher BMI have been linked
with older age at menopause (Morris et al., 2012; Zhu et al., 2018). Smoking also
increases the risk for menopausal transition at a younger age (Costanian et al.,
2018; Gold et al., 2001; L. Sun et al., 2012). Most studies have reported that
smoking prepones menopause for 1-2 years, but their results have been variable
(Parente et al., 2008). Higher parity has been associated with later menopause
(Morris et al., 2012). Several socioeconomic factors have been correlated with the
age at which menopausal transition occurs: lower household income (Costanian et
al., 2018), lower education (Costanian et al., 2018; Gold et al., 2001) and current
unemployment (Costanian et al., 2018; Gold et al., 2001) have been shown to
increase the risk for earlier menopause, while menopausal transition has been
reported to occur later in women living with a partner (Costanian et al., 2018; Gold
et al., 2001). Endometriosis and several other benign ovarian processes may
damage ovarian reserves and advance menopause, both directly and indirectly via
surgical operations (Sleiman et al., 2019).
2.1.3 Premature ovarian insufficiency (POI) and early menopause
(EM)
Up to 7.6–12.2% of women undergo menopause between 40-44 years of age, called
early menopause (EM) (Golezar et al., 2019; Mishra et al., 2017). Premature
ovarian insufficiency (POI), which means menopause by the age of 40, occurs in
about 1.1–3.7% of women (Golezar et al., 2019; Luborsky et al., 2003; Mishra et
al., 2017). According to the European Society of Human Reproduction and
Embryology (ESHRE), the criteria for POI are as follows: (1) amenorrhea for ≥ 4
months and (2) a FSH value > 25 IU/L on two measurements at least four weeks
apart (Webber et al., 2016). Both genetic and autoimmune disorders are associated
20

with POI. For etiology screening, it has been recommended to perform
chromosomal analysis and fragile X premutation testing. Turner syndrome (45, X
karyotype) is a relatively common chromosomal disorder, affecting about 0.05% of
liveborn females. Women with Turner syndrome are at high risk for POI, whereas
women with Turner mosaicism, have a variable risk of POI. (Saenger et al., 2001)
When screening for the most common autoimmune disorders associated with POI,
the determination of adrenocortical antibodies and TPOAbs is recommended for
women with spontaneous POI (Webber et al., 2016). Up to 4–30% of POI cases
have been reported to be of autoimmune origin (Kirshenbaum & Orvieto, 2019).
Iatrogenic causes of POI include ovarian/pelvic surgery, chemotherapy and
radiotherapy (Jiao et al., 2017). In 90% of patients, however, the etiology of POI
remains unknown (L. M. Nelson, 2009).
2.2

Physiological effects of menopausal transition

2.2.1 Hormonal changes
Mainline hormonal and metabolic changes during menopausal transition are shown
in Figure 2. Several hormonal changes occur in perimenopause. As the number of
ovarian follicles decreases, inhibin B levels fall, causing an increase in FSH values
because of negative hypothalamic feedback. At first, higher FSH levels maintain or
even raise estradiol levels, but nearby and after FMP, estradiol levels fall.
Testosterone levels do not change significantly around menopause, but as sex
hormone-binding globulin (SHBG) levels decrease, free testosterone levels
increase. Also the ratio of total testosterone to estradiol changes. (Burger et al.,
2007) The free androgen index (FAI) is calculated with the following formula:
FAI = 100 ∗ [testosterone] / [SHBG] (Bui et al., 2015).
2.2.2 Metabolic changes
Postmenopausal status is an independent risk factor for metabolic syndrome and its
individual components (abdominal obesity, insulin resistance, dyslipidemia and
elevated blood pressure [BP]) (Cho et al., 2008). Menopausal transition has been
suggested to increase total fat mass and percentage body fat (Ho et al., 2010;
Razmjou et al., 2018; Toth et al., 2000). Studies have documented that women have
a higher total and proportional amount of central fat after menopause (Ho et al.,
21

2010; Toth et al., 2000; Tremollieres et al., 1996). Data on the effect of menopausal
transition on muscle mass is scarce, but there is some evidence that the trend is
decreasing (Sowers et al., 2007). Energy expenditure seems to decrease by
menopausal transition (Lovejoy et al., 2008). Menopausal transition has been
suggested to increase waist circumference (Razmjou et al., 2018). However,
menopause does not seem to have an independent effect on BMI (Davies et al.,
2001; Razmjou et al., 2018).

Fig. 2. Hormonal and metabolic changes caused by menopausal transition. FSH =
follicle stimulating hormone, FAI = free androgen index, TC = total cholesterol, LDL-C =
low-density lipoprotein cholesterol, TG = triglycerides, BMD = bone mineral density,
SHBG = sex hormone-binding globulin.

Menopausal transition has mostly unfavorable effects on lipid profile: an increase
in total cholesterol (TC) low-density lipoprotein cholesterol (LDL-C) (Agrinier et
al., 2010; Ambikairajah et al., 2019; Matthews & Bromberger, 2005; Peters et al.,
1999; Razmjou et al., 2018) and triglycerides (TG) (Ambikairajah et al., 2019).
Concerning high-density lipoprotein cholesterol (HDL-C), increasing, neutral and
decreasing effects have all been described (Ambikairajah et al., 2019; El Khoudary,
2017; Razmjou et al., 2018). The mechanisms between menopausal transition and
HDL-C metabolism are unclear. It has been suggested that the cardioprotective
quality of HDL-C may be impaired after menopause (El Khoudary, 2017).
There is some evidence that BP might increase during menopausal transition
(Son et al., 2015), but most studies have reported that BP is not independently
affected by menopause (Kuh et al., 2005; Luoto et al., 2000; Peters et al., 1999).
22

Adverse changes in inflammatory markers have been described during menopausal
transition (C. G. Lee et al., 2009). Endothelial function deteriorates during and after
menopausal transition (Moreau et al., 2012).
Bone
All three main bone cells—osteoblasts, osteoclasts and osteocytes— contain
estrogen receptors (Cauley, 2015; Väänänen & Härkönen, 1996). The effects of
estrogen on bone cells are shown in Figure 3. Estrogen maintains BMD, mainly
inhibiting osteoclasts. In menopause, as the estrogen level decreases, bone turnover
accelerates such that resorption exceeds formation. (Väänänen & Härkönen, 1996)
BMD decreases rapidly during menopausal transition; the rapid decline starts about
one year prior to FMP and continues for about three years. After that, the BMD loss
rate slows slightly. (Karlamangla et al., 2018)

Fig. 3. Effects of estrogen on bone cells. NF-xB = nuclear factor kappa-light-chainenhancer of activated B cells, RANKL = receptor activator of nuclear factor kappaΒ ligand. Adapted from Cauley et al. (2015).
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Glucose
Relative androgen excess and an increasing amount of visceral fat can potentially
degrade insulin sensitivity during menopausal transition (Slopien et al., 2018).
There is some evidence that fasting plasma glucose (fP-GLUC) levels are higher
in postmenopausal vs. premenopausal women, and thus it appears that fP-GLUC
levels increase during the years after menopausal transition (Cho et al., 2008).
However, a study of 1054 women experiencing natural menopausal transition but
not receiving hormone therapy reported that, during the follow-up of nine years,
menopausal transition had no effect on fP-GLUC or fasting serum insulin (fS-INS)
(Matthews et al., 2009).
Hemoglobin A1c (HbA1c) is a biomarker representing average blood glucose
levels during the previous 2-3 months (Sherwani et al., 2016). There is some
evidence that menopause increases HbA1c (Kuh et al., 2005).
Some earlier studies have indicated that postmenopausal status is an
independent risk factor for prediabetes and diabetes (Di Donato et al., 2005;
Heianza et al., 2013; Wu et al., 2001). A study of 5412 women reported that the
risk for impaired glucose tolerance (IGT) increased by 6% for each year in
postmenopausal women, who had reached menopause after the age of 49, but who
had not taken systemic HRT (Wu et al., 2001). There is also opposite evidence, as
a study of 22,426 women (J. S. Lee et al., 2013) suggested that menopausal state
was not an independent risk factor for diabetes. Representative studies that have
investigated the effect of menopausal transition on the risk of diabetes are shown
in Table 1.
2.2.3 Menopausal symptoms
Estrogen has important actions in many tissues and organs of the female body
(Gruber et al., 2002). Multiple regions in the brain contain estrogen receptors
(Brinton et al., 2015). The network of estrogen receptors is involved in the
regulation of several important actions of the central nervous system, like
thermoregulation, sleep, energy balance and sensory and cognitive functions, as
well as serotonergic and adrenergic functions (Brinton et al., 2015). Declining
estrogen levels due to menopausal transition causes several uncomfortable
symptoms, of which vasomotor symptoms (hot flashes and night sweats) are the
most common, experienced by about 80 % of women (El Khoudary et al., 2020).
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study

2012
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Di Donato et Cross-sectional

Design
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Table 1. Representative studies on menopausal status and risk for diabetes

The prevalence of hot flashes increases rapidly two years before FMP (Politi et al.,
2008) and they are most common during the first two years after FMP (Freeman
et al., 2014), being at their worst one year after FMP (Politi et al., 2008). Hot
flashes persist on average for 4–5 years after FMP (Avis et al., 2015; Freeman et
al., 2014; Politi et al., 2008), and for more than seven years in over 50% of women
(Avis et al., 2015). The mechanism behind vasomotor symptoms is not fully
understood, but reduced estrogen levels and dysfunction in the hypothalamic
thermoregulatory centers of the brain are involved (Deecher & Dorries, 2007).
Vasomotor symptoms are strongly related to sleep disturbances as well (Lampio et
al., 2016).
Vaginal dryness is a commonly reported symptom in peri- and postmenopause,
and it is also independently increased by menopausal transition. Several other
symptoms related to menopausal transition have also been commonly reported,
including mood changes, urinary incontinence, cognitive changes, joint and back
pain, and headaches. Hormonal changes by menopausal transition do not seem to
fully explain these symptoms. (H. D. Nelson, 2008) A study by Minkin and
colleagues evaluated the prevalence of different kinds of symptoms experienced
during and after menopause, among 4,100 women aged 55–65, living in Europe
and Northern America (Minkin et al., 2015). The results of this study are shown in
Table 2.
2.2.4 Mental health and quality of life
Estrogen has a neuroprotective function, as estrogen receptors, which are located
widely in the brain have been found to coordinate several pathways that prevent
the brain from acute damage, cognitive impairment as well as neurodegenerative
and affective disorders (Arevalo et al., 2015). During menopausal transition, the
risk for depressive symptoms increases in women without previous history of
depression, and vasomotor symptoms seem to increase the risk of depression as
well (Cohen et al., 2006). Additionally, both vasomotor and depressive symptoms
are related to sleep disturbances (Lampio et al., 2016). Also anxiety symptoms
increase during menopausal transition, in women with previous low levels of
anxiety in premenopause (Bromberger et al., 2013). The prevalence of sexual
dysfunction also becomes more common during menopausal transition
(Dennerstein et al., 2002; Gracia et al., 2007). Menopause may have a negative
impact on health-related quality of life (HRQoL), especially in younger women
suffering from menopausal symptoms. However, HRQoL is also affected by several
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other factors, such as the social, cultural and work environment, mental and
physical disorders, as well as lifestyle habits. (Schneider & Birkhäuser, 2017)
Table 2. Prevalence of menopause-related symptoms during and after menopausal
transition, reported by Minkin et al. (2015).
Symptom

Prevalence (%)

Vaginal dryness

77

Hot flashes

72

Night sweats

62

Disrupted sleep

55

Weight gain

51

Mood swings

44

Vaginal pain in touch and intercourse

41

Fatigue

41

Loss of elasticity of the skin

38

Vaginal soreness

33

Joint pain

33

Vaginal itching

33

Vaginal burning

27

Headaches

21

Pain during urination

10

Bleeding during intercourse

9

Prevalence of menopause-related symptoms during and after menopausal transition, as reported by
4,100 women aged 55—65 living in Europe or Northern America. The study was conducted via an
Internet-based survey.

2.3

Health consequences of early-onset menopausal transition

2.3.1 Cardiovascular risk profile, morbidity and mortality
Women diagnosed with POI have an impaired cardiovascular risk profile: increased
abdominal fat, increased waist circumference and elevated chronic inflammatory
markers in their 50s, compared to premenopausal women at that age (Daan et al.,
2016). They have also been described as having higher TC and a higher prevalence
of metabolic syndrome in their mid-30s (Ates et al., 2014). Both POI and EM
increase the risk of CVDs (Løkkegaard et al., 2006; Muka et al., 2016; Roeters van
Lennep et al., 2016) as well as the risk of cardiovascular mortality (Jacobsen et al.,
1997, 1999; Muka et al., 2016) and all-cause mortality (Jacobsen et al., 1999; Muka
et al., 2016). Evidence on whether early-onset menopause is associated with the
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incidence of stroke is controversial (Baba et al., 2010; Muka et al., 2016), and
menopausal age does not seem to be related to stroke mortality (Jacobsen et al.,
2004). Representative earlier studies investigating CVDs and mortality in women
with EM or POI are shown in Table 3.
2.3.2 Bone health
Earlier age at menopause significantly impairs bone health: a risk ratio (RR) of 1.83
(95% confidence interval (CI) 1.22–2.74) for osteoporosis and RR 1.68 (95% CI
1.05–2.57) for fragility fracture by the age of 77 were reported by a Swedish
prospective follow-up study, in women with menopause by the age of 47 compared
to women with menopause ≥ 47 years of age. Of the study participants, 22% vs.
10% of the study participants had a history of HRT. (Svejme et al., 2012) A
Brazilian study reported that 68.7% of 35 women in their study population who had
formerly been diagnosed with POI had osteopenia or osteoporosis as, at the time of
the measurement, their mean age was 46.28 ± 10.38 years, and 84.4% of them were
receiving HRT (Amarante et al., 2011). In a randomized controlled trial, 25,499
women at the age of ≥ 50 years at baseline were treated with HRT, calcium
(Ca)/vitamin D (vitD) supplementation, HRT+Ca/vitD supplementation, or placebo,
and they were followed for 11.3 years on average. Higher fracture risk was reported
in women diagnosed with POI compared to women with older menopausal age,
despite the treatment they had received. (Sullivan et al., 2017)
2.3.3 Glucose metabolism
There is evidence that EM is associated with increased risk of diabetes in women
in their 60s (Brand et al., 2013; Muka et al., 2017). However, other studies have
not found an association between menopausal age and the incidence of diabetes (J.
S. Lee et al., 2013; Pandeya et al., 2018). In addition, it has been suggested that
women undergoing menopause between the age of 45 and 55 might have a lower
risk for diabetes mellitus type 2 (T2DM) compared to women with early (< 45 years)
or late (> 55 years) age at menopause (LeBlanc et al., 2017). Insulin sensitivity has
been described to be lower in women with POI in their 30s compared to women
with normal ovarian function at that age (Corrigan et al., 2006). One study reported
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CI = confidence interval, IHD = ischemic heart disease, RR = risk ratio, BMI = body mass index, POI = premature ovarian insufficiency, HR = hazard ratio, EM
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Main results
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meta-analysis
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Jacobsen et al., 2004 a

Jacobsen et al., 1997

Study

insufficiency (POI) or early menopause (EM).

Table 3. Representative studies investigating cardiovascular diseases (CVDs) and mortality of women with premature ovarian
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a dose-dependent decrease in fP-GLUC levels as a result of HRT treatment, in
women with POI aged 18.5–42.2 years (Ostberg et al., 2007). Representative earlier
studies on the association between menopausal age and T2DM are shown in Table
4.
2.3.4 Mental health and psychological effects
Studies have suggested that menopausal age is inversely related to the risk of
depression. Women with POI are at a 50% increased risk of depression, compared
to women with menopause at the age of > 40 years (Georgakis et al., 2016). Women
with POI have been described as having impaired sexual function in their 30s, as
compared to regularly menstruating women at the same age (Kalantaridou et al.,
2008). Being diagnosed with a menopause at young age is accompanied by many
psychological challenges as well as emotional distress. For many women with POI,
loss of fertility is the most difficult concern. (Groff et al., 2005)
2.4

Hormone replacement therapy (HRT)

HRT preparations and administration routes
Systemic HRT includes estrogen-progestin therapy (EPT) and estrogen-only
therapy (ET). As ET is associated with the risk of endometrial hyperplasia and
cancer, it can be used only for hysterectomized women. Estrogen forms commonly
used in HRT are conjugated equine estrogens, 17ß-estradiol estradiol valerate, and
estradiol hemihydrate (Pharmaca Fennica, 2021; Pinkerton et al., 2017). HRT can
be administrated perorally or transdermally (Pinkerton et al., 2017). Oral HRT
stimulates the production of several liver proteins, whereas the effect of
transdermal administration is minimal, as it bypasses the first-pass hepatic effect.
Hence, transdermal administration has several cardiovascular risk-related
advantages compared to oral preparations. (Kopper et al., 2008) Transdermal HRT
has a neutral or lowering effect on TG, while oral HRT has increasing effect on
them. (Godsland, 2001; Kopper et al., 2008; Žegura et al., 2006). Additionally,
while oral HRT increases the levels of C-reactive protein (CRP), transdermal HRT
does not (Vongpatanasin et al., 2003).
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Table 4. Representative studies of menopausal age and the risk for type 2 diabetes

Oral HRT administration also induces the coagulation system by affecting the
synthesis of several coagulation proteins (Kopper et al., 2008). The risk of venous
thromboembolism is increased in women using oral HRT, whereas transdermal
HRT preparations do not affect this risk (Renoux et al., 2010). Oral but not
transdermal HRT increases SHBG levels, decreasing levels of free testosterone, and
there is some evidence that transdermal HRT administration may have a more
favorable effect on sexual function (Taylor et al., 2017).
2.4.1 Health benefits
Symptom relief
HRT treatment is very effective in treating vasomotor symptoms, as it significantly
reduces the frequency of hot flashes: Studies have reported it to be up to 80% more
efficient in relieving hot flashes compared to placebo (Maclennan et al., 2004).
HRT improves HRQoL in women with disturbing hot flashes (Savolainen-Peltonen
et al., 2014). HRT also relieves symptoms related to urogenital atrophy, within 1 to
3 months after initiation (Cardozo et al., 1998). However, vaginal administration of
estrogen seems to be as effective as system administration to improve vaginal
dryness (Cardozo et al., 1998), and its safety prolife is optimal as it does not
significantly increase serum estradiol levels (Rahn et al., 2014). HRT may relieve
(Carranza-Lira & Valentino-Figueroa, 1999) and even prevent (Gordon et al., 2018)
depressive symptoms, but there is also opposite evidence (Morrison et al., 2004).
Some studies have reported cognitive improvement by HRT use in women with
menopausal symptoms (Leblanc et al., 2001; Yaffe et al., 1998).
Metabolic effects and prevention against chronic diseases
HRT has beneficial effects on bone health in postmenopausal women: it improves
BMD and reduces the risk for fractures (Arabi et al., 2003; Cauley et al., 2003). In
addition, HRT improves lipid profile, because it lowers TC and LDL-C and
increases HDL-C (Godsland, 2001; Žegura et al., 2006). HRT also seems to have a
favorable effect on body composition, as studies have described an increase in lean
mass and a decrease in central fat as well as in total fat mass (Arabi et al., 2003;
Sørensen et al., 2001).
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There is evidence that HRT use prevents cardiovascular morbidity, when the
treatment is initiated in early postmenopause, in women who do not have chronic
diseases (Mikkola et al., 2017; Savolainen-Peltonen et al., 2016; Schierbeck et al.,
2012). HRT use in healthy postmenopausal women has been shown to improve
endothelial function (Bush et al., 1998) and to prevent progression of
atherosclerosis (Hodis et al., 2001). EPT treatment may improve insulin sensitivity
(Margolis et al., 2004). Lower incidences of diabetes have been reported in HRT
users (Pentti et al., 2009), but the difference seems to disappear after quitting the
treatment (Manson et al., 2013). Some studies have reported a lower risk of
dementia in HRT users (Leblanc et al., 2001; Yaffe et al., 1998)—but, on the
contrary, a large recent register study reported that long-term use of HRT may be
linked to an increased risk of Alzheimer’s disease, suggesting that prolonged
exposure to estrogen might promote the progression of the changes behind the
pathogenesis of the disease (Savolainen-Peltonen et al., 2019). Long-term use of
HRT decreases the incidence of osteoporosis, osteopenia, and peripherical fractures
in non-osteoporotic postmenopausal women (Komulainen et al., 1998; Saarelainen
et al., 2016). HRT use improves BMD in osteoporotic postmenopausal women
(Tuppurainen et al., 2010).
Health advantages of HRT in women with POI
There is some evidence that HRT may prevent unfavorable changes in the
cardiovascular system in women with POI, as studies have reported improved
endothelial function (Kalantaridou et al., 2004) and a decrease in intima media
thickness (Ostberg et al., 2007). Also, a favorable effect on BMD has been reported
(Popat et al., 2014). Even though HRT has been associated with several health
advantages in women with POI, further studies are needed: a meta-analysis by
Burgos and colleagues indicated that many studies that have investigated the health
advantages of HRT in women with POI had high risk for bias, and that evidence on
the long-term effects of HRT in this population is insufficient (Burgos et al., 2017).
2.4.2 Risks
The potential risks of HRT were widely noticed at the beginning of the 21th century
as a result of the publication of Women’s Health Initiative (WHI) study. The hazard
ratios (HRs) for health events by ET and EPT, compared to placebo, reported by
the WHI study are shown in Table 5. on However, as the mean age of the women
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starting HRT in this study was about 63 years, the study results cannot be applied
to women who initiate HRT at average menopausal age. (Anderson et al., 2004;
Hulley & Grady, 2004; Rossouw et al., 2002)
Table 5. Hazard ratios (HRs) of health events reported by the Women's Health Initiative
(WHI) study in estrogen-progestin treatment (EPT) and estrogen-only treatment (ET)
compared to placebo.
Event

Hazard ratio (95% Confidence Interval)
EPT (n = 8,502)a

ET (n = 5,310)b

Coronary heart disease event

1.29 (1.02-1.63)

0.91 (0.75-1,12)

Stroke

1.41 (1.07-1.85)

1.39 (1.10-1.77)

Pulmonary embolism

2.13 (1.39-3.25)

1.34 (0.87-2.06)

Breast cancer

1.26 (1.00-1.59)

0.77 (0.59-1.01)

Colorectal cancer

0.63 (0.43-0.92)

1.08 (0.75-1.55)

Hip fractures

0.66 (0.45-0.98)

0.61 (0.41-0.91)

Death

0.98 (0.82-1.18)

1.04 (0.88-1.22)

a

mean follow-up time 5.2 years, placebo users n = 8,120, b mean follow-up time 6.8 years, placebo users

n = 5,429.

Several studies have reported that the use of HRT, especially EPT, increases the
risk of breast cancer (Colditz et al., 1995; Collaborative Group on Hormonal
Factors in Breast Cancer, 2019; Schairer et al., 2000). A recent meta-analysis
reported that the increase in the risk of breast cancer caused by HRT by the age of
70 is about one in every 50 users of estrogen combined with continuous progestin
administration; one in every 70 users of estrogen combined with intermittent
progestin administration; and 1 in every 200 users of ET preparation, in normalweight women starting HRT at the age of 50 (Collaborative Group on Hormonal
Factors in Breast Cancer, 2019). Breast cancer risk is multifactorial, affected by
many lifestyle, reproductive and genetic factors (Y.-S. Sun et al., 2017): In
postmenopausal women not using HRT, the WHI Observational Study reported a
RR of 2.52 (95% CI 1.62–3.93) for BMI > 31.1 kg/m2 compared to ≤ 22.6 kg/m2
(Morimoto et al., 2002). Women with a history of HRT use have a slightly higher
risk of ovarian cancer compared to women who have never used HRT: per 1,000
HRT users, five years of HRT started at about the age of 50 years is accompanied
by about one extra case of ovarian cancer (Collaborative Group on Epidemiological
Studies of Ovarian Cancer, 2015). Current oral but not transdermal estrogen is
correlated with an increased risk of venous thromboembolism (Canonico et al.,
2008; Vinogradova et al., 2019). This increased risk for venous thromboembolism
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in HRT users is reported to be about 1 in every 5,000 users per year (Daly et al.,
1996), and it seems to be highest during the first years of treatment (Canonico et
al., 2008). The risk of endometrial hyperplasia and cancer is increased in women
with a uterus and who are receiving ET, whereas there is no additional risk
compared to non-users if progestin at an adequate dose and duration is added to
estrogen treatment (Pinkerton et al., 2017). Long-term use of HRT may increase
the risk for Alzheimer’s disease (Savolainen-Peltonen et al., 2019).
Risk of HRT use in women with POI and EM
Only a few studies have investigated the risk of HRT treatment in women
experiencing POI or EM. There is no evidence that the risk of breast cancer or
venous thromboembolism is increased by HRT use in women with POI at younger
than 50 years of age. The benefits of HRT in terms of symptom relief and
prevention of several diseases in women with POI are incontrovertible. Hence, the
advantages of the treatment are considered to be overwhelming compared to the
potential risks. (Webber et al., 2017)
2.4.3 Recommendations
HRT is recommended for women with spontaneous POI to prevent cardiovascular
health problems and to maintain BMD, if there are no contraindications (Pinkerton
et al., 2017; Webber et al., 2016). General contraindications for HRT include
unexplained vaginal bleeding, severe active liver disease, prior estrogen-sensitive
breast or endometrial cancer, coronary heart disease (CHD), stroke and personal
history or inherited high risk of thromboembolic disease (Pinkerton et al., 2017).
In women with POI, HRT treatment should be continued at least until the average
menopausal age (50 years) (Pinkerton et al., 2017). For women experiencing
natural menopause after the age of 40, HRT is not recommended for disease
prevention because of the potential health risks (Grossman et al., 2017). HRT
should be considered for women with severe vasomotor symptoms after an
assessment of both risks and benefits (Pinkerton et al., 2017). The risks of HRT
depend on type, dose, duration of use, route of administration, and timing of
initiation as well as whether progestin is being used. A higher dose and a longer
duration of HRT have been associated with a higher risk of some adverse outcomes.
Hence, in women with menopause after the age of 40, it is mainly recommended to
continue the treatment only at the necessary duration, using a minimum effective
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dose. (Pinkerton et al., 2017). However, as there is some evidence that acute
pausing of HRT may expose women to CVD events, the traditional advice to try to
quit the treatment every 1-2 years, to determine if it is still needed, has recently
been questioned (Mikkola et al., 2017).
2.5

Health aspects of vitamin D (vitD)

VitD refers to a group of reminiscent fat-soluble steroid hormones. Receptors to
transmit its actions (vitamin D receptor = VDR) have been found in almost every
tissue, and vitD regulates the action of a large amount of genes. The production of
vitamin D3 (cholecalciferol) happens in the skin in the presence of sunlight and
also diet contains some vitamin D3. Most vitD supplements contain vitamin D2
(ergocalciferol), which is produced in plants and fungi. Vitamin D3 and D2 are
converted to 25-hydroxycholecalciferol (25(OH)D) by 25-hydroxylase enzyme in
the liver and are then transformed into the more active metabolite 1,25hydroxycholecalciferol (1,25(OH)2D) mainly in the kidneys (Bikle, 2014). The
synthesis of 1,25(OH)2D is shown in Figure 4. Most vitD actions are transmitted
by the binding of 1,25(OH)2D to nuclear VDR (Nadir et al., 2010). VitD is
transported in the blood by carrier proteins, mainly vitamin D-binding protein
(VDBP) (Bikle, 2014; Lehmann & Meurer, 2010). Vitamin D2 has a weaker affinity
for VDBP, causing faster clearance from circulation, and hence the same amount
of vitamin D2 compared to vitamin D3 results in less 25(OH)D (Bikle, 2014).
25(OH)D is the best marker to determinate vitD status, as it is the major
circulating form of vitD, with a half-life of two weeks (Holick, 2004). In vitD
deficient subjects, 1,25(OH)2D levels may be misleadingly high (Holick, 2004).
According to Endocrine Society (ES) guidelines, 25(OH)D level < 50 nmol/L is
deficient, and ≥ 75 nmol/L is optimal (Holick et al., 2011).
2.5.1 Factors associated with 25(OH)D concentrations
Several factors affect vitD levels. Living in northern latitudes, low exposure to
sunlight, obesity, high alcohol consumption, low physical activity and unhealthy
diet all increase the risk of lower 25(OH)D status (Palaniswamy et al., 2017). The
evidence on whether smoking decreases 25(OH)D concentrations is controversial
(Brot et al., 1999; Palaniswamy et al., 2017; Shirazi et al., 2013). Menopausal status
does not seem to affect 25(OH)D concentrations (Shirazi et al., 2013). Higher
intake of vitD from the diet and vitD supplement use improve 25(OH)D status (Brot
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et al., 2001). The recommended daily intake of vitD from diet and supplements, as
stated by several organizations, is represented in Table 6 (Bouillon, 2017).

Fig. 4. Synthesis of 1,25-hydroxycholecalciferol. VDBP = vitamin D-binding protein,
25(OH)D3 = 25-hydroxyvitamin D3, 1α,25(OH)2D = 1-alpha,25-dihydroxyvitamin D.
Modified after Lehmann and Meuer et al. (2010).
Table 6. Recommended intake of vitamin D (vitD) in adults (micrograms per day).
Modified after Bouillon et al. (2017).
Organization (year)

Age 20 years

Age 50 years

Age 65 years

Age > 75 years

IOM (2010)

15

15

15

20

WHO-FAO (2012)

5

5

5

5

ES (2011)

15–50

15–50

15–50

20–50

EFSA (2016)

15

15

15

15

IOM = Institute of Medicine, WHO = World Health Organization, FAO = Food and Agriculture
Organization of the United Nations, ES = Endocrine Society, EFSA = European Food Safety Authority.
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2.5.2 Vitamin D (vitD) deficiency and health
VitD affects the cardiovascular system through several pathways, as it seems to
have a role in endothelial function and also has anti-inflammatory effects (Nadir et
al., 2010). However, the study results on the association between vitD status and
health outcomes are conflicting. Some studies have associated vitD deficiency with
higher risk of many diseases, such as diabetes and CVDs (Kheiri et al., 2018).
However, the use of vitD supplementation does not appear to be beneficial in
preventing adverse cardiovascular events, or in reducing cardiovascular and overall
mortality (Barbarawi et al., 2019; Zhang et al., 2019). VitD has an important role
in the regulation of the immune system, and there is some evidence that vitD
deficiency may increase the risk and severity of autoimmune diseases (IllescasMontes et al., 2019).
VitD plays an important role in bone metabolism. It is needed in bone
mineralization and Ca absorption from the bowel. In addition, vitD deficiency leads
to secondary hyperparathyroidism, which causes increased bone resorption and
osteoporosis. (Lips & Van Schoor, 2011) There is evidence that vitD deficiency
impairs muscle strength and function, and that vitD+Ca supplementation have a
preventative effect against falls as well as favorable effect on BMD in peri- and
postmenopausal women (Di Daniele et al., 2004; Murad et al., 2011). Some studies
have reported that higher vitD concentrations might decrease the likelihood of
contracting Covid-19 and more severe forms of the disease, but so far the evidence
is conflicting (Rubin, 2021).
Vitamin D (vitD) recommendations for postmenopausal women
There is evidence that vitD+Ca supplementation improves BMD in
postmenopausal women (Kärkkäinen et al., 2010). VitD deficiency is common in
postmenopausal women with osteoporosis (Kuchuk et al., 2009). The ES
recommends that postmenopausal women with osteoporosis should take vitD+Ca
supplementation (Eastell et al., 2019). Sufficient vitD status significantly improves
the effects of bisfosfonate treatment in increasing BMD and preventing fractures
(Adami et al., 2009). ESHRE guidelines for women with POI recommends
ensuring adequate vitD and Ca intake in order to maintain their BMD (Webber et
al., 2016).
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Fig. 5. Mechanism of how vitamin D (vitD) deficiency increases fracture risk. 25(OH)D =
25-hydroxyvitamin D, Ca = calcium, PTH = parathyroid hormone. Modified after Lips &
van Schoor (2011).

2.6

Premature ovarian insufficiency (POI) and early menopause
(EM), association with autoimmune thyroid disorders

In women with POI, comorbidity with autoimmune disorders seems to be strong
(Ayesha & Goswami, 2016; Pogačnik et al., 2014). These autoimmune disorders
include thyroid disorders such as Hashimoto thyroiditis and Graves’ disease,
Addison’s disease, and type 1 diabetes mellitus (Szeliga et al., 2021). TPOAb
positivity increases substantially the risk for hypo- and hyperthyroidism (Strieder
et al., 2003). The prevalence of TPOAb positivity has been reported to be 10–20%
in women at reproductive age, and the prevalence increases with age (Hollowell et
al., 2002). Prevalences of up to 30–40% have been described in women with POI
(Ashrafi et al., 2008; Ayesha & Goswami, 2016; Bachelot et al., 2009; Goswami et
al., 2006). Studies have reported that up to 1/3 of women with POI have thyroid
dysfunction (Ayesha & Goswami, 2016; Kim et al., 1997). Prior evidence on
thyroid autoimmunity in women experiencing EM is scarce. The results of the

39

representative studies investigating thyroid autoimmunity and dysfunction in
women with spontaneous POI are shown in Table 7.
Table 7. Representative studies investigating thyroid autoimmunity and function in
women with premature ovarian insufficiency (POI).
Study

Design

Women with

Age (years ± SD) Main results

POI (n)
Kim et al.,

Cross-sectional

1997

study

Goswami et

Cross-sectional

al., 2006

study

119

Median 29

27% had prior diagnosis
or laboratory value-based
hypothyroidism

Ashrafi et

Cross-sectional

al., 2009

study

Bachelot et

Cross-sectional

al., 2009

study

58

Mean 29.2 ± 6.6 24.1% were TPOAb-positive
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Mean 27.9 ± 3.1 32.6% were TPOAb-positive and

357

Mean 28.7 ± 7.9 14.8% were TPOAb- and/or

48.8% were TGAb-positive

TPOAb = thyroid peroxidase antibody, TGAb = thyroglobulin antibody.
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TGAb-positive

3

Aims of the present study

The primary aim of the study was to investigate whether women with onset of the
climacteric phase by the age of 46 have an adverse metabolic profile compared to
preclimacteric women at the same age.
The specific aims of this study were as follows:
1.

2.
3.

4.

To investigate cardiovascular risk profile; body composition, BMI, waist-tohip ratio, lipid profile, liver enzymes and androgen levels in women with onset
of the climacteric phase by the age of 46, compared to preclimacteric women
at the same age.
To determine whether the onset of the climacteric phase by the age of 46 is
associated with adverse changes in glucose metabolism.
To find out if the onset of the climacteric phase by the mid-40s is a risk factor
for low vitamin D (vitD) concentration as well as which factors are associated
with vitD status in climacteric women.
To evaluate whether thyroid autoimmunity and dysfunction are more
common in climacteric compared to preclimacteric women at the age of 46.
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4

Materials and methods

4.1

Northern Finland Birth Cohort 1966

The subjects of this study were members of the prospective Northern Finland Birth
Cohort 1966 (NFBC1966). The NFBC1966 is based on 12,055 pregnant women
with an estimated date of delivery between January 1st and December 31st, 1966,
drawn from the two northernmost provinces of Finland: Oulu and Lapland. Among
these women, 12,231 children were born, of whom 12,058 were live births. The
coverage is 96.3% of all births occurring in Oulu and Lapland during 1966. The
cohort has been followed since the antenatal period by questionnaires and clinical
examinations (Rantakallio, 1969).
This study was based on the two most recent NFBC1966 follow-up studies,
which were performed when the cohort participants were 31 and 46 years old. In
1997, when the cohort members were 31 years old, a questionnaire was sent to
5,608 female cohort participants who were alive and whose contract information
was available. Of these women, 4,523 (81%) responded. The study participants
living in Northern Finland or in the Helsinki metropolitan area, including 4,074
women, were invited to participate a clinical examination. Of these women, 3,127
(77%) participated. In 2012, 5,118 female cohort members were sent a
comprehensive questionnaire and invited to receive a clinical examination: 3,706
(72%) of these women responded to the questionnaire and 3,280 (64%) attended
the clinical examination.
Both follow-up studies included a broad questionnaire concerning health,
living situation and lifestyle. Questions concerning reproduction history, use of
hormonal contraception and HRT, menstrual bleeding as well as medical diagnoses
and current medications, were also included. Clinical examinations in both the 31and 46-year follow-up studies included anthropometric measurements (BP, waist
and hip circumference, weight and height), physical performance tests, and, at the
age of 46, body composition measurements. Blood samples were also taken and
analyzed at both ages for cholesterol values, high-sensitivity C-reactive protein (hsCRP), fP-GLUC and fS-INS, vitD levels, and several hormonal parameters, among
others. The 46-year follow-up study also included an oral glucose tolerance test
(OGTT) and blood sampling for FSH, liver enzymes, TPOAbs and thyroid
hormones. Contents of 31- and 46- year follow-up studies, used in this study, are
shown in Figure 6.
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Fig. 6. Contents of NFBC1966 database utilized in this study. fP-GLUG = fasting plasma
glucose, fS-INS = fasting serum insulin, FAI = free androgen index, hs-CRP = high
sensitivity C-reactive protein, 25(OH)D = 25-hydroxyvitamin D, HbA1c = glycated
hemoglobin, 2-hour OGTT = 2-hour oral glucose tolerance test, TSH = thyroid
stimulating hormone, FT4 = free thyroxine, TPOAb = thyroid peroxidase antibody.
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4.1.1 Registers used in this study
Cohort data collection has been linked to several national registers, and hence
comprehensive register data are available for those study subjects who have given
their permission to use them.
Care Register for Health Care (National Institute for Health and Welfare)
National Institute for Health and Welfare’ s Care Register for Health Care contains
substantial information about hospital services, specialized health care, patients,
rates of admission and discharge, diagnoses, and treatments. The register was
started in 1994, when it replaced The Hospital Discharge Register, which contains
less comprehensive information from 1969 to 1993. Permission was granted from
the National Institute for Health and Welfare to use their data for this research.
(National Institute for Health and Welfare, 2016)
Statistics on Reimbursements for Prescription Medicines
Social Insurance Institution of Finland’s statistics on reimbursements for
Prescription Medicines contains data on prescriptions, purchases of medicines,
medicine expenses and reimbursement for medicine expenses. The data is available
under license and it exists from 1995 onward. (The Social Insurance Institution of
Finland, 2020)
Statistics Finland
Statistics Finland’s statistics contain comprehensive register data on for example
the Finnish population, industry and economics. The data can be used under license.
(Statistics Finland, 2020)
4.2

Study group division

The women who attended the 46-year follow-up study and whose FSH value,
menstrual history, and information on current medicines were available were
divided into two groups: climacteric and preclimacteric women. The climacteric
group included women who were in late perimenopause or postmenopause. The
inclusion criteria were as follows: FSH value ≥ 25 IU/L and amenorrhea ≥ 4 months.
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The preclimacteric group included premenopausal and early perimenopausal
women, and the inclusion criteria were as follows: FSH value < 25 IU/L and having
regular or irregular menstrual cycles. Because there are no generally accepted
criteria for climacterium, criteria were derived from ESHRE guidelines for POI and
from the STRAW+10 classification for reproductive stages (Harlow et al., 2012;
Webber et al., 2016).
The women who were currently using a progestin-only treatment (intrauterine
device (IUD), capsule, or pill) and the women who had been hysterectomized were
classified by their FSH values. Women who were using combined estrogenprogestin contraceptive pills (n = 201) were excluded. In Studies III-IV, also
tamoxifen users (n = 14) were excluded. Women who reported that they were
currently using HRT were classified as climacteric. In Study I, HRT use was based
on only self-report. In Studies II–IV, the subjects who were using HRT were also
identified from the medicine reimbursements register, and the subjects who had
HRT purchases during one year prior to their clinical examination and who also
reported that they used HRT on the 46-year follow-up questionnaire were classified
as HRT users. A flow chart of the study population (study subjects included in Study
1) is shown in Figure 7.
4.3

Study design

Study I
In Study I, BP, cardiovascular risk-related anthropometric measurements (BMI,
waist and hip circumferences, body composition) and laboratory parameters related
to metabolic risks (lipids, liver enzymes, hs-CRP, FAI) were compared between
climacteric and preclimacteric women. Body composition and liver enzymes were
compared only at the age of 46, whereas all other outcomes were compared at age
31 and 46. The results were adjusted to account for age at menarche, parity,
smoking habits, education, and physical activity. To screen for the possible effect
of HRT on the results, subanalyses were performed excluding those women who
reported in the 46-year follow-up questionnaire that they were using HRT (n = 111).
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Fig. 7. Flow chart of the study population (Study I). NFBC1966 = Northern Finland Birth
Cohort 1966, FSH = follicle-stimulating hormone.

Study II
In Study II, fP-GLUC and fS-INS values were compared between the study groups
at age 31 and 46. At the age of 46, 2-hour OGTT glucose and insulin values, as well
as HbA1c, were compared. The results were adjusted with measured BMI and selfreported smoking habits. Also, mathematical indices were calculated to evaluate
insulin resistance and pancreatic β-cell function: homeostatic method assessment
for insulin resistance (HOMA-IR) and β -cell function (HOMA-ß) were calculated
from fasting indices at both ages. Matsuda-DeFronzo, McAuley, and Belfiore
indices and glucose and insulin area under the curves (AUC-glucose and AUCinsulin) were calculated from OGTT glucose and insulin values at the age of 46.
The study participants were classified into three classes by their glucose
metabolism: normal glucose tolerance, prediabetes (IGT or impaired fP-GLUC
[IFG]), and diabetes. Study subjects who were classified as diabetic included both
new diabetes cases identified by OGTT results and women with a previous diabetes
diagnosis (medication and/or diagnosis reported in the questionnaire and verified
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from the register data). According to the statistics on reimbursements for
prescription medicines and self-reported data in the 46-year follow-up
questionnaire, 94 women were currently undergoing HRT among climacteric
women. To investigate the effect of HRT use on the results, subanalyses were
performed excluding HRT users.
Study III
In Study III, 25(OH)D status was compared between the study groups—climacteric
and preclimacteric women—and separately between climacteric women with and
without HRT. The main study question was whether earlier onset of the climacteric
phase is an independent risk factor for vitD deficiency, as well as which factors are
related to vitD status in climacteric women. Hence, several factors that are known
to be associated with vitD status were compared between the study groups:
residence latitude, season of the blood sample, dietary vitD content, vitD intake
from supplementation, physical activity, and smoking status. This information was
derived from the 46-year follow-up questionnaire.
In the 46-year questionnaire, the participants were asked about several details
of their diet—for example, the consumption of dairy products, fish and spreads.
According to Finnish nutrition recommendations, since 2010, dairy products and
fat spreads (except butter) have been fortified with vitamin D3 (Raulio et al., 2017).
To evaluate dietary vitD intake, the Finnish National Food Composition Database
was used (National Institute For Health and Welfare, 2019; Oura et al., 2019). In
the 46-year follow-up questionnaire, the use of vitamin preparations was queried
with an open-ended question: “List here all the medications you are taking with
dose and amount (over-the-counter drugs, prescription drugs, vitamins and dietary
supplements). Do you use them regularly or as needed, and what do you take the
medication for?”. The vitD intake from supplements was calculated by evaluating
the vitD content of all supplements the participants had listed in the questionnaire
and adding the content of all vitD containing preparations.
The impact of solar UVB radiation on vitD concentrations was taken into
account by evaluating the residence latitude and the season in which the blood
sample was taken. Latitude was categorized as 60°N (Helsinki and other provinces
of middle and southern Finland), 65°N (the city of Oulu), and >65°N (other
northernmost provinces of Oulu and Lapland) based on participants’ residence
information in the Finnish Population Register Center at the time of the 46-years
follow-up study (Palaniswamy et al., 2017). The season in which the blood sample
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was taken was categorized either the low (November–May) or high (June–October)
vitD season (Finnish Meteorological Institute., 2020).
The frequency and duration of self-reported physical activity were added
together to calculate physical activity in metabolic equivalent of task (MET) scores
in hours per week. All of the confounding factors were included as independent
variables into a multivariable generalized linear model that investigated whether
climacteric status at the age of 46 is associated with vitD status. In a subanalysis
including only climacteric women, a generalized linear model with HRT use as one
of the independent variables was performed.
Study IV
In Study IV, thyroid hormone levels and the prevalence of thyroid autoimmunity
and dysfunctions were compared between climacteric and preclimacteric women
at the age of 46. Women who were previously diagnosed with POI (having a POI
diagnosis according to Care Register for Health Care [ICD-10 codes E28.3, E89.4,
E89.8, and Q96] and/or higher special reimbursement for HRT according to the
statistics on reimbursements for prescription medicines) (n = 22) were excluded
from the study population.
To investigate thyroid autoimmunity, TPOAb positivity was compared between
the study groups. The participants who had purchased thyroid medications during
six months prior to the 46-year follow-up study were identified from the medicine
reimbursement register and considered as thyroid medication users. In Finland, it
is possible to buy prescription medicines from a pharmacy for at most three of the
following months in advance, and thus the time period of six months was decided
based on this. The prevalence of thyroid disorders was investigated by comparing
1) the proportions of thyroid medication users and 2) non-medicated participants
with laboratory value-based thyroid disorders. The incidence of evolving thyroid
disorders after the age of 46 was also investigated by comparing the proportions of
those study subjects who did not use thyroid medications before the 46-year followup study in 2012 but who had thyroid medication purchases after the study, by the
end of 2016. To investigate whether the onset of the climacteric phase by the age
of 46 is associated with a higher prevalence of thyroid disorders, a logistic
regression model was performed in which thyroid disorder (thyroid medication
purchase or thyroid dysfunction in laboratory samples taken in the 46-year followup study) was the dependent variable and TPOAb status, smoking status (yes or
no), and climacteric status were independent variables.
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4.4

Study outcomes

Clinical examination measurements
BP was measured at the clinical examinations of both 31- and 46-year follow-up
studies. At the age of 31, brachial systolic and diastolic BP were measured twice;
at the age of 46, both were measured three times. The measurements were taken in
sitting position after 15 minutes’ rest and with one-minute intervals between the
measurements, from the right arm. A manual mercury sphygmomanometer was
used at the age of 31, and an automated oscillometric blood BP device and an
appropriately sized cuff (Omron Digital Automatic Blood Pressure Monitor Model
M10-IT, Japan) at the age of 46. BP results were the average values of the
measurements for each individual.
Clinical examinations at the ages of 31 and 46 included weight and height
measurements performed by an experienced research nurse. At the age of 46, a
digital scale was used. Height was measured twice using a standard and calibrated
stadiometer, and the mean the two measurements was calculated. BMI was
calculated using the following formula: weight (kg)/height squared (m2).
Waist and hip circumferences were also measured in both follow-up studies.
Waist circumference was measured at the level midway between the lowest rib
margin and the iliac crest, and hip circumference was measured at the widest
trochanters. These measurements were taken twice, and the mean of the two
measurements was used.
Body composition assessments were performed at the age of 46 by using an
InBody 720 bioelectrical impedance analyzer (Biospace Co., Ltd., Seoul, Korea)
after an overnight (12 hours) fasting period.
Glucose metabolism evaluation (Study II)
The euglycemic-hyperinsulinemic clamp is considered a golden standard technique
for measuring insulin sensitivity, but as the procedure is time-consuming,
numerous mathematical models have been created to assess insulin sensitivity and
β-cell function from glucose and insulin measurements in the fasting state and
during an OGTT (Ciampelli et al., 2005). In this study, several insulin sensitivity
indices, which were chosen based on the findings of earlier studies, were used.
Homeostatic model assessment is an application for estimating β-cell function
(HOMA-ß) and insulin resistance (HOMA-IR) from fasting glucose and insulin
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values, and it is widely used in both clinical and epidemiological studies (Wallace
et al., 2004). The Matsuda and DeFronzo index assesses insulin sensitivity from
OGTT results (Matsuda & DeFronzo, 1999). Both HOMA-IR and the Matsuda and
DeFronzo index have been reported to have good correlations with euglycemichyperinsulinemic clamp (Matsuda & DeFronzo, 1999; Wallace et al., 2004). The
McAuley index includes fP-GLUC and fS-INS, and also TG (McAuley et al., 2001).
Studies have reported that the McAuley index has a good inverse correlation with
insulin resistance in normoglycemic individuals (Ascaso et al., 2003; McAuley et
al., 2001). The Belfiore index and AUC-insulin values are derived from the OGTT
results and have been reported to correlate well with the euglycemichyperinsulinemic clamp in postmenopausal women (Bastard et al., 2007; Ciampelli
et al., 2005). AUC-insulin and AUC-glucose values were calculated using the
trapezoid method (Tai, 1994). Formulas for other indices are shown in Table 8.
Table 9 represents the glucose tolerance classification by the World Health
Organization (WHO), also used in the study.
Table 8. Indices for insulin sensitivity and β -cell function
Index

Formula

Reference for formula

HOMA-IR

fP-GLUC x fS-INS / 22.5

Wallace et al., 2004

HOMA- β

(20 x fS-INS)/ (fP-GLUC – 3.5) x 100

Wallace et al., 2004

Matsuda and

10 000/square foot of [(P-gluc0min x S-ins0min) x

Matsuda and DeFronzo, 1999

DeFronzo

((P-gluc0min + P-gluc30min + P-gluc60min + Pgluc120min) / 4) x ((S-ins0min + S-ins30min + Sins60min + S-ins120min) / 4)]

Belfiore index

2 / [(AUC-insulin x AUC-glucose) +1]

Belfiore et al., 1998

McAuley index

exp [2.63–0.28 ln (fS-ins)-0.31 ln (fasting TG)]

McAuley et al., 2001

HOMA-IR = homeostatic model assessment for insulin resistance, fP-GLUC = fasting plasma glucose, fSINS = fasting serum insulin, HOMA- β = homeostatic model assessment for β -cell function, P-gluc0min, Pgluc30min, P-gluc60min, P-gluc120min = glucose values from 2-hour oral glucose tolerance test, S-ins0min, Sins30min, S-ins60min, S-ins120min = insulin values from 2-hour oral glucose tolerance test, AUC = area under
the curve.

Table 9. Glucose tolerance classification by WHO (Alberti & Zimmet, 1998)
Class

Abbreviation

Normal glucose tolerance

NGT

Impaired fasting glucose

Fasting glucose

2-hour glucose

< 6.1 mmol/L

< 7.8 mmol/L

IFG

6.1–6.9 mmol/L

< 7.8 mmol/L

Impaired glucose tolerance

IGT

< 7.0 mmol/L

7.8–11.0 mmol/L

Type 2 diabetes

T2DM

≥ 7.0 mmol/L*

≥ 11.1 mmol/L*

*at least one of the two criteria fulfilled
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4.4.1 Laboratory methods
NFBC1966 blood samples were taken after an overnight fasting period. Samples
were centrifuged immediately and stored at −20 °C and later at −80 °C before the
analyses. The samples were analyzed in NordLab Oulu (former name, Oulu
University Hospital, Laboratory), a testing laboratory (T113) accredited by the
Finnish Accreditation Service (FINAS) (EN ISO 15189).
FSH, which was needed in the study group division, was determined at the age
of 46 using an immunochemiluminometric method (Advia Centaur, Siemens
Healthcare Diagnostics, Tarrytown, NY, USA).
Study I
Study I included lipid profile, FAI, and hs-CRP determinations at the age of 31 and
46 years. At 46 years, the following liver enzymes were also measured: alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and gammaglutamyltransferase (GGT).
Serum TC, LDL-C, HDL-C, and TG were determined at 31-year follow-up
study by using a Hitachi 911 automatic analyzer with commercial reagents (Roche,
Boehringer, Mannheim, Germany). At 46-year follow-up study, blood samples for
lipids were analyzed using an enzymatic assay method (Advia 1800, Siemens
Healthcare Diagnostics Inc., Tarrytown, NY, USA).
Serum testosterone concentrations were analyzed using Agilent triple
quadrupole 6410 LC/MS equipment with an electrospray ionization source
operating in positive-ion mode (Agilent Technologies, Inc., Wilmington, DE, USA),
both in 31- and 46-year follow-up studies. SHBG was assayed by
fluoroimmunoassay (Wallac, Inc. Ltd., Turku, Finland) at 31 years, and by
chemiluminometric immunoassay (Immulite 2000, Siemens Healthcare, Llanberis,
UK,) at 46 years. As the SHBG analysis method changed, the SHBG values from
age 31 were transformed to be comparable with the SHBG values analyzed at the
age of 46 using the following formula: 0,7615 x old method 31-year SHBG +
0,7088. The results are reported according to this method. FAI was calculated with
the formula 100 x testosterone (nmol/L)/SHBG (nmol/L).
Hs-CRP was analyzed using an immunoenzymometric assay (Medix
Biochemica, Espoo, Finland) at 31 years and an immune nephelometric assay at 46
years (BN ProSpec, Siemens Healthcare Diagnostics Inc., Newark, DE, USA).
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The activities of ALT, AST, and GGT were determined using photometric
International Federation of Clinical Chemistry methods (Advia 1800, Siemens
Healthcare Diagnostics, Tarrytown, NY, USA).
Study II
Study II included blood sampling for glucose metabolism evaluation. FP-GLUC
and fS-INS were measured at 31 and 46 years. The 46-year follow-up study also
included HbA1c determination and 2-hour OGTT. At the age of 31 years, fP-GLUC
and fS-INS were determined by a glucose dehydrogenase method (Granutest 250,
Diagnostica Merck, Darmstadt, Germany) and by radioimmunoassay (Pharmacia
Diagnostics AB, Uppsala, Sweden), respectively. At the age of 46, fP-GLUC levels
were analyzed using an enzymatic dehydrogenase method (Advia 1800, Siemens
Healthcare Diagnostics Inc., Tarrytown, NY, USA, and fS-INS levels were assessed
via chemiluminometric immunoassay (Advia Centaur XP, Siemens Healthcare
Diagnostics. Inc., Tarrytown, NY, USA).
The concentrations of glycated and total hemoglobin at 46 years were
measured using an immunochemical assay method (Advia 1800, Siemens
Healthcare Diagnostics Inc., Tarrytown, NY, USA) and the ratio was reported as
percent HbA1c. A 2-hour OGTT at 46 years was performed after an overnight (12hour) fasting period. Study participants who were diagnosed with diabetes or who
were currently using medications for diabetes were excluded from the OGTT. At
the beginning of the OGTT, capillary fingertip blood glucose was tested (Ascensia
Contour, Bayer Inc., Canada). Participants with fasting glucose of 8.0 mmol/L or
higher were excluded from the test, and only a fasting glucose sample was taken
from them. In OGTT, the participants ingested a liquid containing 75 grams glucose
(GlucosePro, Comed, Tampere, Finland) within five minutes after the baseline
glucose blood sample was taken. Serum insulin levels measured in mU/L and
plasma glucose levels measured in mmol/L were determined at baseline and at 30,
60, and 120 minutes after the 75 grams glucose intake.
Study III
A chemiluminescence microparticle immunoassay (CMIA) Architect i2000SR
automatic analyzer (Abbott Diagnostics) was used to measure 25(OH)D
concentrations at the age of 46. Coefficients of variation (CVs) were calculated
from repeated quality-control samples which were included in the assay with the
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study samples. The CVs were 3.2% with internal control samples of 25(OH)D >
100 nmol/L, 3.1% with medium 25(OH)D levels ~80 nmol/L and 3.6% with
25(OH)D < 40 nmol/L. The CVs were 1.1% in the blinded quality control pairs, in
which 25(OH)D levels were not known. CMIA was compared with a highperformance liquid chromatography method, and the results showed a good
correlation of 0.922. Also, six different commercially available quality control
samples were analyzed, and 25(OH)D concentrations were within the standard
deviation (SD) range of the reference results. The outlier values of 25(OH)D were
excluded using the first quartile cut-off – 1.5 x IQR (interquartile range) for the
lower limit and the third quartile cut-off + 1.5 x IQR for the upper limit (SPSS,
2019). A total of 59 measurements were excluded as outliers.
Study IV
FSH, thyroid stimulating hormone (TSH), free thyroxine (FT4) and TPOAb levels
were assayed using an automated chemiluminescence system (Advia Centaur XP,
Siemens Healthcare Diagnostics, Tarrytown, NY, USA). The reference range for
TSH was 0.5–3.8 mU/L and for FT4 the reference range was 10.2–21 pmol/L.
TPOAbs < 60 IU/mL was defined as negative, and ≥ 60 IU/mL was defined as
positive.
4.4.2 Statistical methods
In every study, background characteristics were compared between the study
groups with Pearson’s Chi-squared test (categorical variables), Mann-Whitney Utest (continuous variables with skew distribution) or independent samples t-test
(continuous variables with normal distribution). For the analysis, a p-value < 0.05
was considered statistically significant.
In Study I, the analysis of covariance (ANCOVA) was used to compare the
laboratory analysis and the anthropometric measurements, with the analysis
adjusted to account for age at menarche, parity, smoking habits, education and
physical activity. Physical activity was calculated in MET scores in hours per week.
Statistical analyses were performed using SAS 9.4 TS for Windows (SAS Institute,
Inc., Gary NC, USA) and R (version 3.5.0). CorelDRAW Graphics Suite 2019,
Version 21.0.0.593 (Corel Corporation, Ottawa, Canada), was used to create Figure
1.
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In Study II, the change in BMI from the age of 31 years to 46 years was
calculated and compared between the study groups with the Mann-Whitney U-test.
Glucose and insulin variables and indices of insulin sensitivity were first compared
between the climacteric status groups with an independent samples t-test or MannWhitney U-test. The effect of confounding factors for the glucose and insulin
variables were investigated using multivariable generalized linear models. For the
models, the variables were normalized with logarithmic transformation. The
models were adjusted for BMI, smoking and the two-way interaction terms.
Glucose tolerance was compared between the study groups with Pearson’s Chisquare test. SPSS (IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY:
IBM Corp.) was used for analyses. CorelDRAW Graphics Suite 2019, Version
21.0.0.593 (Corel Corporation, Ottawa, Canada), and GraphPad Prism 8.0.1.244
(GraphPad Software, San Diego, California) were used to create the figures.
In Study III, variables affecting vitD status were compared between climacteric
and preclimacteric women and separately between climacteric women using HRT
vs. not using HRT. An independent samples t-test was used to compare normally
distributed continuous variables, and a Mann-Whitney U-test was used for
variables with skew distribution. For comparing distributions of categorical
variables affecting vitD status, Pearson’s Chi-squared test was used. To investigate
the association between climacteric status and vitD status, a multivariable
generalized linear model was performed. In this model, 25(OH)D status was the
dependent variable. Climacteric status and the most important covariates affecting
vitD status were independent variables. The variables in the model were selected
based on previous studies that have investigated factors associated with
25(OH)D concentrations (Palaniswamy et al., 2017). The final model
included residence latitude, season of the blood sampling, smoking status, BMI,
physical activity, dietary vitD, and vitD intake from supplementation. To
investigate factors affecting 25(OH)D concentrations in climacteric women, a
multivariable generalized linear model including only climacteric women was
performed. This model included HRT use as one of the independent variables. All
of the independent variables were included in the models simultaneously. Two-way
interaction terms of the explanatory variables were tested in the models, but only
statistically significant interactions were included in the final models. The results
of the multivariable regression models were reported as β-coefficients with 95%
CI. In continuous covariates, β-coefficients can be construed as multivariableadjusted mean differences in 25(OH)D concentrations with a one-unit change in
the dependent variable. In binary covariates, β-coefficients can be construed as the
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multivariable adjusted mean group difference in 25(OH)D. The statistical analyses
were executed using IBM SPSS Statistics for Windows, Version 26 (IBM Corp.,
Armonk, NY, USA). Figure 1 was constructed with CorelDRAW Graphics Suite
2019, Version 21.0.0.593 (Corel Corporation, Ottawa, Canada), and Figures 2 and
3 with GraphPad Prism 8.0.1.244 (GraphPad Software, San Diego, California).
In Study IV, TSH and FT4 values were compared between the study groups
using a Mann-Whitney U-test. Pearson’s Chi-square test was used to compare the
prevalence of TPOAb positivity, abnormal thyroid function in laboratory tests, the
use of thyroid medications and the prevalence of overall mediated or laboratory
value-based thyroid disorders between climacteric and preclimacteric women. The
association of climacteric status with thyroid dysfunction was investigated in a
logistic regression model. In this model, thyroid morbidity was the dependent
variable and, climacteric status, TPOAb status, and current smoking status were
independent variables. The model was formed based on the findings in earlier
studies: TPOAb positivity significantly increases the risk of thyroid dysfunction
(Strieder et al., 2003), and there is also evidence that smoking is associated with
increased risk of thyroid diseases (Brix et al., 2000).
4.4.3 Ethical issues
The NFBC1966 study setting was originally approved by the ethical committee of
the Northern Ostrobothnia hospital district (94/2011, 12/2003), and the Helsinki
Declaration and national guidelines have been followed. Permission to use
nationwide register data was sought from the institutions administrating the
registers. Written, informed consent was obtained from all participants to use the
data collected from them in NFBC1966 follow-up studies and separately to use the
register data for them for scientific purposes.
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5

Results and Discussion

5.1

Background characteristics

Background characteristics of the study subjects included in Study I, are shown in
Table 10. Climacteric women had fewer deliveries, menarche at younger age and
were more often current smokers. Marital status and education level did not differ
significantly between the study groups. Smoking habits at the ages of 31 and 46 are
shown in Figure 8.
Table 10. Background characteristics of the study population at the age of 46 (Study I)
Variable

Climacteric (n = 381)

Preclimacteric (n = 2,304)

p-value

Age at menarche (n (%))
8 (2.3)

31 (1.5)

11–12.99 years

< 11 years

136 (38.7)

774 (37.4)

13–14.99 years

182 (51.9)

1,016 (49.0)

≥ 15 years

25 (7.1)

0.04

251 (12.1)

Number of deliveries (n (%))
0

47 (13.8)

178 (8.3)

1-2

183 (53.8)

1,178 (55.3)

≥3

110 (32.4)

776 (36.4)

192 (51.9)

1,316 (58.4)

Former/occasional smoker

89 (24.1)

549 (24.2)

Current smoker

88 (24.1)

390 (17.3)

11 (3.0)

54 (2.5)

Currently smoking (n (%))
Non-smoker

0.006

Professional education (n (%))
No professional education

0.004

0.30

Vocational education

251 (69.5)

1,428 (65.2)

University of applied

34 (9.4)

240 (11)

65 (18.0)

467 (21.3)

40 (10.6)

224 (9.9)

299 (79.5)

1,766 (77.8)

sciences
University
Marital status (n (%))
Unmarried
Married/domestic

0.46

partnership
Divorced
Widow

34 (9.0)

266 (11.7)

3 (0.8)

13 (0.6)

Background characteristics of the study population, based on self-reported data in a questionnaire.
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Fig. 8. Smoking habits in study participants at the ages of 31 and 46 years, based on
self-report in the questionnaires. The proportion of current smokers was significantly
higher in climacteric vs preclimacteric women at the age of 46 (24.1% vs. 17.3%, p =
0.006). There was no significant difference between the study groups at the age of 31
(24.0% vs. 20.3%, p = 0.23).

It was not possible to accurately evaluate menstrual anamnesis for every study
subject, as many of them had progestin-only treatment, mostly IUD (38.3% of
climacteric and 34.0% of preclimacteric women) and some were hysterectomized
(20.8% of climacteric and 6.2% of preclimacteric women). For 2/3 of the
climacteric women for whom the date of last menstrual period was known, the
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duration of amenorrhea was at most two years. Hence, the results of the study
represent menopausal transition-related changes happening within a short period.
5.2

Climacteric status at the age of 46: impact on metabolic
outcomes in population-based study (Study I)

The study groups included 381 climacteric and 2,304 preclimacteric women at the
age of 46. Of the climacteric women, 111 reported that they were currently using
systemic HRT. The results were adjusted for age at menarche, parity, smoking
status, physical activity, and level of education. In adjusted results, climacteric
women had higher body fat percentage, less skeletal muscle mass, and higher lipids
and liver enzymes at the age of 46. They also had lower BMI (23.4 ± 3.9 vs. 23.8
± 4.3, p = 0.03) and FAI (3.4 ± 2.2 vs. 3.9 ± 3.1, p = 0.009) at the age of 31. Waistto-hip ratio, BP, or hs-CRP did not differ between the study groups. The main
results at the age of 46 are shown in Table 11.
Table 11. Main results of Study I at the age of 46.
Variable

Mean ± SD (n)
Climacteric

BMI (kg/m2)

pa

pb

Preclimacteric

26.4 ± 5.2 (381)

26.5 ± 5.3 (2,277)

0.96

0.9 ± 0.1 (363)

0.9 ± 0.1 (2,261)

0.57

0.45

120.6 ± 16.7 (363)

120.9 ± 15.4 (2,270)

0.45

0.52

Diastolic BP (mmHg)

83.3 ± 11.4 (363)

82.6 ±10.7 (2,270)

0.39

0.71

Body fat percentage (%)

34.1 ± 8.3 (362)

32.9 ± 8.4 (2,239)

0.007

Skeletal muscle mass (kg)

25.2 ± 3.2 (362)

26.0 ± 3.4 (2,239)

<0.001

Waist-to-hip ratio
Systolic BP (mmHg)

Visceral fat volume (m3)

0.41

0.02
<0.001

111.3 ± 42.6 (362)

108.4 ± 43.1 (2,239)

0.09

0.38

TC (mmol/L)

5.4 ± 0.9 (364)

5.1 ± 0.8 (2,275)

<0.001

<0.001

LDL-C (mmol/L)

3.4 ± 0.9 (364)

3.2 ± 0.8 (2,275)

0.001

<0.001

HDL-C (mmol/L)

1.7 ± 0.4 (364)

1.6 ± 0.4 (2,275)

0.003

0.02

TG (mmol/L)

1.2 ± 0.7 (364)

1.0 ± 0.5 (2,275)

0.03

0.008
0.08

hs-CRP (mg/L)

1.5 ± 1.8 (362)

1.6 ± 3.2 (2,268)

0.02

ALT (IU/L)

27.0 ± 21.2 (364)

23.8 ± 18.4 (2,275)

<0.001

0.02

AST (IU/L)

23.3 ± 16.7 (362)

21.0 ± 27.9 (2,274)

<0.001

0.24

GGT (IU/L)

31.5 ± 42.6 (363)

25.1 ± 29.6 (2,274)

<0.001

<0.001

SD = standard deviation, BMI = body mass index. BP = blood pressure. pa = unadjusted p-value, pb= pvalue adjusted with age at menarche, smoking, parity, physical activity, education, and marital status, TC
= total cholesterol, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipoprotein
cholesterol, TG = triglycerides, hs-CRP = high-sensitivity C-reactive protein, ALT = alanine
aminotransferase, AST = aspartate aminotransferase, GGT = gamma-glutamyltransferase
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In subanalyses excluding HRT users, there was no significant difference in HDLC and TG levels between the study groups. Other results did not change.
This study reported mostly adverse changes in lipids in climacteric women in
their mid-40s. Earlier studies have reported similar findings in women with POI in
their 30s: higher TC (Ates et al., 2014; Gulhan et al., 2012) , LDL-C (Gulhan et al.,
2012), HDL-C (Ates et al., 2014), and TG (Knauff et al., 2008). An increase in
lipids was also described in a follow-up study of 10 years, including premenopausal
women with mean age of 50 years at the beginning, going through menopausal
transition during the 10-year follow-up (Razmjou et al., 2018). This follow-up
study also reported an increase in fat percentage and a decrease in fat free mass by
menopausal transition. The findings were thus codirectional with our study findings
in climacteric vs. preclimacteric women at the age of 46. Earlier findings about the
body composition of women with early-onset menopausal transition are scarce:
One study investigated body fat amount and distribution in women with POI in
their 30s, finding no difference compared to age-matched premenopausal women
(Corrigan et al., 2006). Adverse metabolic changes that start by menopausal
transition have been reported to impair during the years following FMP (Razmjou
et al., 2018), suggesting that not only POI but also EM indicates an increased risk
of cardiovascular morbidity, as these women have longer lifetime exposure to these
adverse changes.
In this study, women who were climacteric at the age of 46 had lower
testosterone and FAI at the age of 31. As most of the climacteric study subjects
experienced menopausal transition several years later, the significance of this
finding is unclear. A meta-analysis by Janse and colleagues reported lower
androgen levels in women diagnosed with spontaneous POI (Janse et al., 2012). In
postmenopausal women in their 50s, higher androgen levels have been suggested
to have favorable effects on cardiovascular health (Bernini et al., 2001; Khatibi et
al., 2007).
5.3

Onset of the climacteric phase by the mid-forties associated
with impaired insulin sensitivity: a birth cohort study (Study II)

In Study II, HRT use was verified from the medicine reimbursement register: If the
participants had purchases of systemic HRT during one year prior to clinical
examination, and also reported an HRT use in the questionnaire, she was defined
as HRT user. As some of the study subjects did not give permission to use their
medical register data, and as there was a discrepancy between self-reported use of
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HRT and medicine purchases for some others, 39 study participants were excluded.
FP-GLUC and fS-INS values were available for 353–356 climacteric and 2,249–
2,252 preclimacteric subjects, and OGTT values were available for 319 climacteric
and 1954 preclimacteric subjects, at the age of 46. The results were adjusted for
smoking (3 classes: non-smoker/former smoker/current smoker) and BMI (4
classes: ≤ 25, 25.01–30, 30.01–35, > 35 km/m2).
Being climacteric at age of 46 was associated with higher HbA1c, and OGTT
30-minute and 60-minute insulin. Several mathematical indices demonstrated that
being climacteric at the age of 46 associated with impaired insulin sensitivity: a
decrease in the McAuley and Belfiore indices, and an increase in AUC-insulin. The
main findings are shown in Figure 9. Figure 10 shows OGTT glucose and insulin
curves. Interestingly, the effect of being climacteric on 60-minute glucose exhibited
a decreasing trend (-1.332, 95 % CI -2.411 to -0.254, p = 0.015). However, as this
was analyzed separately in BMI classes, the difference was only significant in
women with BMI > 35 kg/m2 (β = -1.332, 95 % CI –2.513 to 10.152, p = 0.03).
In subanalyses excluding HRT users, the adjusted results did not change.

Fig. 9. Forest plot showing the main results of Study II. The figure shows ß coefficients
with 95% confidence intervals (CIs) for significant associations between being
climacteric at the age of 46 and glucose and insulin variables. The results come from
separate multivariable-adjusted generalized linear models. OGTT = oral glucose
tolerance test, AUC = area under the curve, OGTT 30- and 60-minute insulin = 30- and
60-minute insulin values in OGTT.
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Fig. 10. The 2-hour OGTT glucose and insulin curves. OGTT = oral glucose tolerance
test. The results were adjusted with body mass index (BMI) and smoking status.

As the OGTT results were combined with previous diabetes diagnoses, the
prevalence of prediabetes and diabetes did not differ between climacteric and
preclimacteric women (12.1% vs. 12.1%, p = 0.71). In this study, climacteric
women were found to have impaired glucose metabolism: higher HbA1c and
OGTT insulin levels as well as findings suggesting lower insulin sensitivity in
several mathematical indices evaluating insulin resistance. Climacteric women also
had lower Belfiore and McAuley indices, reflecting decreased insulin sensitivity
(Ascaso et al., 2003; Belfiore et al., 1998; McAuley et al., 2001). In insulin
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resistance, pancreatic islet β-cells accelerate their insulin production, causing
compensatory hyperinsulinemia (Wilcox, 2005). Climacteric women in our study
population had higher OGTT 30- and 60-minute insulin levels, as well as higher
AUC-insulin. Higher OGTT insulin responses have been associated with increased
risk of developing T2DM, hypertension, or CHD (Zavaroni et al., 1999). There was
no difference in present diabetes diagnoses between the study groups, suggesting
that adverse changes in glucose metabolism started by menopausal transition take
a longer time to develop into the level of prediabetes or diabetes.
HbA1c represents blood glucose levels during the previous 2-3 months
(Sherwani et al., 2016). Higher HbA1c levels in climacteric women were found,
and also a few studies have reported that postmenopausal status is associated with
increased HbA1c in women in their 50s (Chang et al., 2000; Kuh et al., 2005). To
the best of our knowledge, there are no studies investigating HbA1c levels in
women with POI or EM. Higher HbA1c levels in non-diabetic individuals have
been associated with higher cardiovascular morbidity (Khaw et al., 2004; Selvin et
al., 2005), cancer morbidity (Hope et al., 2016) and even overall mortality (Khaw
et al., 2004).
In conclusion, the study findings suggest that initiation of menopausal
transition by mid-40s is associated with impaired insulin sensitivity, in turn
indicating that early-onset climacteric phase may expose women to T2DM and
CVDs in the future.
5.4

Early-onset climacterium is not associated with impaired
vitamin D status: A population-based study (Study III)

In this study, 25(OH)D concentrations were compared at the age of 46 between
climacteric and preclimacteric women and separately between climacteric women
using and not using HRT. HRT use was defined as in Study II. Unadjusted mean
serum 25(OH)D concentrations were higher in climacteric women (68.1 ± 19.8
nmol/L) compared to preclimacteric women (65.2 ± 19.3 nmol/L, p = 0.01) and in
climacteric women using HRT (72.6 ± 19.4 nmol/L) compared to climacteric
women not using HRT (66.8 ± 19.8 nmol/L, p = 0.03). The proportion of study
subjects with 25(OH)D concentrations at the level recommended by ES guidelines
(≥ 75 mmol/L) was highest in climacteric women with HRT, as compared to the
two other groups (p = 0.002). The distribution of 25(OH)D status by ES
classification at the age of 46 is presented in Figure 11.
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Fig. 11. Distribution of 25-hydroxyvitamin D (25(OH)D) status distribution according to
Endocrine Society (ES) guidelines in the study population, in the groups divided by
climacteric status and HRT use at the age of 46.

The association between the onset of the climacteric phase by age 46 and vitD
status was investigated in a multivariable generalized linear model, in which
climacteric status, latitude of living, season of the blood sampling, smoking,
physical activity, BMI, dietary vitD content and vitD intake from supplementation
were independent variables. Climacteric status was not associated with vitD
concentration, whereas lower BMI, higher intake of vitD from diet and
supplementation, higher physical activity, living in a southern latitude and blood
sampling during high vitD season were associated with higher vitD status. In a
generalized linear model which included only climacteric women, HRT use, lower
BMI, higher intake of vitD from diet and supplementation, not smoking, and blood
sampling during high vitD season had a positive association with 25(OH)D status.
Figure 12 represents forest plots showing the associations between climacteric
status, HRT use and other covariates with 25(OH)D status, from the multivariable
adjusted generalized linear models.
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Fig. 12. Forest plot showing the associations between 25(OH)D status and covariates in
(a) the whole study population, (b) climacteric women. The covariates in the models
were chosen based on the findings of earlier studies. BMI = body mass index, VitD =
vitamin D, CI = confidence interval, °N = North latitude, 25(OH)D = 25 hydroxyvitamin D.
BMI (kg/m2), dietary vitD (IU), vitD supplementation dose (IU), and physical activity in
MET (metabolic equivalent of task) scores in hours per week served as continuous
variables and are marked with *.
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There was no statistically significant difference in 25(OH)D status in transdermal
vs. oral HRT users (70.7 nmol/L, SD 21.4 vs. 75.5 nmol/L, SD 15.7, p = 0.29).
To the best of our knowledge, there are no earlier studies that would have
demonstrated that HRT use had a positive effect on 25(OH)D status. A few studies
with smaller total populations and wider age ranges that investigated the
association between HRT use and 25(OH)D status are shown in Table 12 (Rejnmark
et al., 2006; Shirazi et al., 2013; Touvier et al., 2015). None of these studies reported
a statistically significant association between the use of HRT and 25(OH)D status,
even though Shirazi and colleagues reported a tendency for increasing 25(OH)D in
HRT users (Shirazi et al., 2013). Rejnmark and colleagues found increasing VDBP
in women using per oral HRT for five years (Rejnmark et al., 2006).
Table 12. Representative studies investigating the association between HRT use and
25-hydroxyvitamin D (25(OH)D) status in postmenopausal women.
Study

Design

Rejnmark et al.,

Clinical trial, peroral Postmenopausal

Study participants

Adjustments

2006

HRT treatment for 5 women, 89 with and

HRT users. HRT

years

did not significantly

No

98 without HRT

Main results
VDBP increased in

affect 25 (OH)D
status
Touvier et al., 2015 Cross-sectional
study

995 women (394

Age, alcohol intake, HRT use was not

postmenopausal)

BMI, physical

associated with

activity, smoking,

25(OH)D status

education, vitD
dietary intake,
residence latitude,
blood sampling
season, intensity of
lifetime sun
exposure, and
Fitzpatrick skin
phototype
Shirazi et al., 2013

Cohort study

727 women (mean

Age, season, time

HRT use was not

age 56.9 years)

the sample was

associated with

stored in freezer

25(OH)D status

HRT = hormone replacement therapy, 25(OH)D = 25-hydroxyvitamin D, VDBP = vitamin D-binding
protein, vitD = vitamin D.
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There is earlier evidence that exogenous estrogen is associated positively with
25(OH)D status, as oral contraceptives have an increasing effect on 25(OH)D
concentrations (Møller et al., 2013; Palaniswamy et al., 2017). The mechanism for
this interaction has been investigated in animal models in a couple of studies, which
have suggested that estradiol may increase 25-hydroxylase activity in the liver
(Castillo et al., 1977; Saarem & Pedersen, 1987). So far, however, no studies have
investigated this mechanism in humans. There is also some evidence that estrogen
might stimulate 1-alpha-hydroxylase enzyme (Gallagher et al., 1980). In addition,
it has been suggested that estrogen might increase 25(OH)D concentrations by
increasing VDBP concentrations. Up to 85% of 25(OH)D is bound to VDBP, and
an increased amount on VDBP may extend the half-life of vitD metabolites.
(Møller et al., 2013)
No significant difference in 25(OH)D levels in oral vs. transdermal HRT users
was found. However, there was a wider range in 25(OH)D concentrations in oral
HRT users. As first-pass hepatic metabolism is avoided in transdermal
administration of HRT, blood estradiol levels are more stable in transdermal vs.
oral HRT administration (Kopper et al., 2008).
Both early-onset menopausal transition and vitD deficiency have been
associated with adverse health consequences, especially cardiovascular morbidity
(Muka et al., 2016; Wang et al., 2012; Zhu et al., 2019) and osteoporosis (Lips et
al., 2006; Svejme et al., 2012). Sufficient vitD status might especially benefit
women undergoing menopausal transition at an early age. HRT is recommended
for women with POI until the average menopausal age to prevent chronic diseases
(Webber et al., 2016)—but for women facing menopause at ordinary age, HRT is
advised primarily to treat bothersome menopausal symptoms (Grossman et al.,
2017). There are currently no specified recommendations on HRT indications for
women with EM. Our study findings suggest that improved vitD status may be one
of the health benefits of HRT use. It is possible that some other positive health
outcomes of HRT may be partially transmitted by improved vitD concentrations.
In our study, not smoking, higher dietary vitD content and higher intake of vitD
from supplementations correlated positively with 25(OH)D status in climacteric
women. As adverse events caused by vitD supplements are unlikely (Manson et al.,
2019), it might be useful to recommend them especially to women with early onset
of the climacteric phase.
In conclusion, it was found that the onset of the climacteric phase by the mid40s was not associated with impaired 25(OH)D concentrations, whereas the use of
67

HRT was associated with higher 25(OH)D status in 46-year-old climacteric women.
Clinical studies to evaluate this mechanism will further clarify this association.
5.5

Is climacterium in mid-forties associated with thyroid
dysfunction or autoimmunity? A population-based study
(Study IV)

The prevalence of thyroid dysfunction was evaluated in the study groups by
comparing thyroid medicine purchases as well as thyroid hormone values and
laboratory value-based thyroid dysfunctions in study subjects not using thyroid
medications. A significantly higher proportion of climacteric vs. preclimacteric
women had bought thyroid medications during six months prior to the 46-year
follow-up study (9.1% vs. 6.1%, p = 0.04). The prevalence of untreated thyroid
dysfunction did not differ between the study groups (p = 0.93). According to thyroid
hormone determination: 0.3% of climacteric and 0.2% of preclimacteric women
had hypothyroidism, 2.3% vs. 2.6% had subclinical hypothyroidism, 2.9% vs. 2.0%
had subclinical hyperthyroidism and 0.0% vs. 0.1% had hyperthyroidism,
respectively.
Of those women who did not make thyroid medication purchases during six
months prior to the 46-year follow-up study, 3.6% of climacteric and 3.9% of
preclimacteric women evolved thyroid dysfunction afterward, as they had made
thyroid medication purchases between the 46-year follow-up study in 2012 and the
end of 2016 (p = 0.79). A total of 57 (16.8%) climacteric and 310 (13.9%)
preclimacteric women had either thyroid medication (prior and/or after 46-year
follow-up study) or subclinical or clinical thyroid dysfunction according to their
laboratory samples (p = 0.16). Prevalence of TPOAb positivity did not differ
between the study groups, as 14.0% of climacteric and 15.0% of preclimacteric
women had TPOAb ≥ 60 IU/ml (p = 0.71).
In a logistic regression model, in which thyroid function (medicated or
laboratory value -based) was the dependent variable and smoking (yes/no), TPOAb
status (≥ 60 IU/ml vs. < 60 IU/ml) and climacteric status at the age of 46 were
independent variables, being climacteric was slightly but significantly associated
with increased prevalence of thyroid dysfunction. However, the association
between TPOAb positivity and thyroid dysfunction was much stronger. The results
of this model are shown in Figure 13.
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Fig. 13. Climacteric status at the age of 46 and ORs with 95% CIs for smoking, TPOAb
positivity, and climacteric status for thyroid dysfunctions. The associations were
investigated in a logistic regression model. TPOAb = thyroid peroxidase antibody, OR
= odds ratio, CI = confidence interval.

To the best of our knowledge, no previous studies have investigated the prevalence
of thyroid autoimmunity and dysfunction in women experiencing menopausal
transition by their mid-40s, whereas several studies have reported an increased
prevalence of thyroid autoimmune disorders in women with POI (Ashrafi et al.,
2008; Pogačnik et al., 2014). In the regression model, the association between being
climacteric and having thyroid dysfunction was minor compared to TPOAb
positivity, and TPOAb positivity was not more common in climacteric women.
Therefore, the results of our study do not support routine screening for thyroid
dysfunction in women experiencing menopause after the age of 40. It has been
suggested that autoimmune mechanisms are involved in the etiology of POI in up
to 30% of patients (Kirshenbaum & Orvieto, 2019). The study findings suggest that
the autoimmune mechanisms might not have an important role in the etiology of
menopause by mid-40s, in women not fulfilling the criteria of POI.
5.6

Strengths and limitations

As the study population was based on a large birth cohort, a significant number of
women were included in the study. The study subjects were representative of the
whole population, and they were all born within about one year, so their age range
was relatively narrow. Additionally, the participation rate in the NFBC1966 followup studies has been relatively high for a birth cohort. Comprehensive data from
the questionnaires and clinical examinations were available. The study group
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division was based on both the FSH determination and information on menstrual
history and current medications. As the NFBC1966 data have been linked to
national register data, it was possible to reliably evaluate the participants’
reimbursable medications and diagnoses made in specialized health care. Many
cardiovascular risk-related clinical measurements and laboratory determinations
were made at the 46-year follow-up study as well as laboratory sampling for
numerous glucose metabolism variables, 25(OH)D status and thyroid hormones.
Some of these variables were also measured at the age of 31, so it was possible to
compare the outcomes between the study groups at two timepoints. In the analyses,
the most important confounders were available for adjustments.
In Study I, comprehensive evaluations of cardiovascular risk -related outcomes
were compared between the study groups: BMI, BP, waist-to-hip ratio, lipid profile
and androgens at the age of 31 and 46, and body composition and liver enzymes at
the age of 46. In Study II, glucose metabolism evaluation at the age of 46 was
extensive, including HbA1c and 2-hour OGTT. To identify previous diabetes
diagnoses, national register data were used. In Study III, 25(OH)D status at the age
of 46 was investigated in multivariable-adjusted linear models including all
important confounders. As age may affect vitD status, it was an advantage to
investigate it in a study population with a narrow age range. In Study IV, thyroid
dysfunction evaluation was comprehensive and reliable, as it was based on the
register data-based medication use and thyroid hormone determination.
The limitations of the study include that the study group division was based on
only one FSH measurement at the age of 46. The ESHRE criteria for POI
recommends two FSH measurements with at least four weeks apart (Webber et al.,
2016). Menstrual history was not available for all the study subjects, as many of
them were using progestin treatment or were hysterectomized. Even though HRT
and thyroid medication were reliably identified from the medicine reimbursement
register, the data on hormonal contraceptive preparations were based on selfreported questionnaire data, as most of these preparations are not reimbursable. In
addition, menstrual history was based on self-reports in the questionnaire, and
hence the study group division was based predominantly on FSH measurement.
The appropriate FSH limit is controversial. However, as an FSH value over 25 IU/L
is rare in the normal menstrual cycle (Stricker et al., 2006) and STRAW+10 criteria
for menopausal transition states that an FSH over 25 IU/L is typical for late
menopausal transition (Harlow et al., 2012), it was estimated that the cutoff of 25
IU/L is sufficiently specific for the group division. In addition, unclear cases,
including women with s discrepancy between FSH and self-reported menstrual
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history, were excluded. The study outcomes were evaluated cross-sectionally in a
cohort setting, even though some outcomes were evaluated at both age of 31 and
46. In this study setting, the causal relation of climacteric status to the study
outcomes cannot be completely, reliably verified. Some cohort participants were
lost to follow-up by the age of 46. However, the attendance rate of 64% in the 46year clinical study is relatively good in a birth-cohort study. In Study III which
evaluated vitD status, a wide range of important conflicting factors were taken into
the analyses. Still, it cannot be fully ruled out that the higher 25(OH)D status in
HRT users could be caused by lifestyle and socioeconomic factors instead of
metabolic factors, even though vitD intake from nutrition and diet did not differ
between the groups. In Study IV, even though it was possible to reliably identify
the use of thyroid medications, the circumstances for which medication use began
could not be known. It is possible that the difference in the prevalence of
menopausal symptoms and other health issues, and hence more prevalent use of
health care services explains the more prevalent thyroid medication use in
climacteric women.
Despite some limitations, the comprehensive NFBC1966 data base, including
multiple laboratory tests and clinical measurements, enabled extensive evaluation
of the health of women experiencing menopausal transition by their mid-40s. The
study results can be utilized in advancing health in these women.
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Conclusions
The onset of the climacteric phase by the mid-40s is associated with adverse
metabolic changes in women at the age of 46: higher TC, LDL-C and HDL-C,
higher TG, lower skeletal muscle mass, higher fat percentage, and higher liver
enzymes (ALT and GGT). The study findings suggest that women with earlier
onset of the climacteric phase have impaired metabolic profile in terms of
cardiovascular morbidity when compared with preclimacteric women.
Unfavorable changes in insulin sensitivity can be found in women with the
onset of the climacteric phase by their mid-40s, already at the age of 46, even
though the prevalence of prediabetes and diabetes did not differ between the
study groups. The study findings suggest that early menopause (EM) may
predispose women to diabetes and its complications in later life.
The present study found no difference in vitD status between climacteric and
preclimacteric women, as the results were adjusted with confounding factors.
However, HRT use was associated with higher vitD status in climacteric
women. Further studies are needed to verify the association and evaluate the
mechanism. The study findings suggest that improved 25(OH)D status may be
involved in the positive health aspects of HRT in women facing menopausal
transition at an earlier age than the average.
Women undergoing the onset of the climacteric phase by their mid-40s may be
at slightly increased risk of thyroid dysfunction. However, in our study
population, thyroid autoimmunity was not more common among these women.
The study findings do not support routine screening of thyroid status in women
facing menopausal transition after the age of 40 years, as autoimmunity seems
to not have a significant role in the etiology of EM, in contrast to women with
POI.
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