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Abstract 

 

Objective: To investigate vitamin D status in women with the onset of the climacteric phase 

by age 46 as both early menopause and inadequate vitamin D status may increase the risk of 

adverse health outcomes. 

 

Methods: A cross-sectional study included 2,544 46-year-old women from a birth cohort. 

Women were divided into the following two groups according to their menstrual history and 

follicle stimulating hormone (FSH) concentration: 1) climacteric (FSH ≥25 IU/L and 

amenorrhea ≥4 months, n = 351) and 2) preclimacteric women (FSH <25 IU/L and having 

regular/irregular menstrual cycles, n = 2,193). Serum 25-hydroxyvitamin D (25(OH)D) 

concentrations were compared between the groups. A linear regression model was performed 

to investigate which factors are associated with 25(OH)D status.  

 

Results: Mean serum 25(OH)D concentrations were higher in climacteric compared to 

preclimacteric women (68.1 ± 19.8 nmol/L vs. 65.2 ± 19.3 nmol/L, P = 0.01). However, in the 

linear regression model, climacteric status was not associated with 25(OH)D status 

(multivariable adjusted mean difference 4.5 nmol/L, 95% confidence interval –1.4 to 10.4, P = 

0.137). A total of 76 of climacteric women were using systemic estrogen hormone therapy 

(HT). In a subanalysis, including only climacteric women, the use of HT was associated with 

higher 25(OH)D status (multivariable adjusted mean difference 5.9 nmol/L, 95% confidence 

interval 1.3 to 10.5, P = 0.013).  

 

Conclusions: The onset of the climacteric phase by age 46 was not associated with inadequate 

25(OH)D concentrations, whereas HT use was associated with higher 25(OH)D status in 

women with early-onset climacterium.  

Keywords: 25-hydroxyvitamin D / early menopause / hormone therapy / vitamin D / vitamin 

D supplementation / population-based study
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Introduction 

Both early menopause and vitamin D deficiency may threaten bone health 1–3 and increase 

cardiovascular health risks 4–6. The average age of natural menopause onset in white women 

living in Europe is about 50 years 7. Adequate vitamin D intake and systemic hormone therapy 

(HT) with estrogen are both recommended for women with premature ovarian insufficiency 

(POI), defined as menopause by age 40, for osteoporosis prevention 8. HT also appears to 

protect postmenopausal women against cardiovascular morbidity 9. There is some evidence 

that low vitamin D concentrations are common in women with POI 10. Higher calcium and 

vitamin D intake from nutrition has been associated with slightly lower risk for early 

menopause 11. 

Adequate vitamin D status is harder to maintain in northern latitudes where UVB radiation of 

the sun is low during winter, thus vitamin D supplementation and food fortification are needed 

12–15. It has been suggested that 25-hydroxyvitamin D (25(OH)D) deficiency associates with 

numerous adverse health outcomes 16. 25(OH)D concentrations below 50nmol/L are defined 

as deficient in the Endocrine Society (ES) recommendations 17. In the Institute of Medicine 

(IOM) criteria, 25(OH)D concentrations over 50 nmol/L are recommended and below 

30nmol/L are defined as deficient 18. 

Previous studies have noted that oral contraceptives containing estrogen are associated with 

higher serum 25(OH)D concentrations 19,20. In contrast, studies of postmenopausal HT have 

shown weak or no association with 25(OH)D concentrations 21–24. As both early menopause 

and vitamin D insufficiency have been associated with unfavorable health outcomes, sufficient 

vitamin D status may especially benefit women facing menopausal transition at an early age. 

Hence, the objective of the study was to compare vitamin D concentrations in relation to 

menopausal status in women aged 46. Our secondary aim was to investigate the association of 

HT use and 25(OH)D concentrations in climacteric women. Due to our cohort study setting, 
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we were able to assess a comprehensive range of confounders for vitamin D status, including 

latitudinal and seasonal effects, smoking, body mass index (BMI), physical activity, and dietary 

vitamin D and supplementation. Our study hypothesis was that women with an earlier onset of 

the climacteric phase may have impaired vitamin D status. 

Methods  

Study design and population 

The Northern Finland Birth Cohort 1966 (NFBC1966) is a large birth cohort which contains 

96.3% of children born from late 1965 to early 1967 in Northern Finland with the same ethnic 

background, representing the white Finnish population 25,26. Originally, there were 12,058 live-

born children in the cohort (Fig. 1). The cohort has undergone follow-up studies for the ages 

of 1, 14, 31, and 46 years, including questionnaire surveys about lifestyle, life situation, social 

background, and health as well as clinical examinations, laboratory tests, and imaging studies. 

The most recent follow-up study was in 2012–2013 for age 46. At that time, there were 5,118 

female cohort participants alive, living in Finland, and with contact information available, who 

were sent a postal questionnaire, including questions about their menstrual history, tobacco and 

alcohol use, education and work situation, frequency of sunny holidays abroad, physical 

activity, dietary habits, and vitamin supplement use. They were also invited to a clinical 

examination, including weight and height measurements and blood sampling for follicle 

stimulating hormone (FSH) and serum 25-hydroxyvitamin D (25(OH)D) concentrations. The 

women of NFBC1966 for whom all necessary data from the 46-years questionnaire and clinical 

examination were available were included into our study population (Fig. 1). 

Study participants were divided into two groups according to their climacteric status, 

determined based on their FSH value and menstrual history reported in the questionnaire. As 

there are no general criteria for climacterium, we referred to the European Society of Human 

Reproduction and Embryology (ESHRE) criteria for POI and the Stages of Reproductive Aging 
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Workshop (STRAW) +10 criteria for menopausal transition 8,27. The study groups were as 

follows: 1) climacteric women (FSH ≥25 IU/L and amenorrhea ≥4 months) and 2) 

preclimacteric women (FSH <25 IU/L and still having regular/irregular menstrual cycles). The 

study group division is shown in Figure 1. FSH value was measured using an 

immunochemiluminometric method (Advia Centaur, Siemens Healthcare Diagnostics, 

Tarrytown, NY, USA). Hysterectomized women and women who were currently using 

progestin-only treatment were classified by their FSH values only. Women currently using 

combined contraceptive preparations (pill, ring, or patch, n = 204) or tamoxifen (n = 11) were 

excluded from the study population because these medications may affect vitamin D status and 

interfere with FSH values.  

The NFBC1966 has been linked to several nationwide registers, including the Social Insurance 

Institution of Finland’s Statistics on Reimbursements for Medical Expenses. Using this 

register, we identified whether the study participant had bought systemic HT with estrogen 

within one year prior to her age 46 clinical examination. Study participants with HT purchases 

and who also reported HT use in the 46-years follow-up study were classified as HT users and 

included into the climacteric group. Furthermore, the route of HT administration (oral vs. 

transdermal) was evaluated.  

Participants with discrepancies between FSH value and self-reported menstrual history were 

excluded (n = 233) as were women with discrepancies between the self-reported use of HT and 

HT purchases (n = 39). In a subanalyses, we further divided the climacteric women into two 

groups according to whether or not they were using HT. Study outcomes were then compared 

between climacteric and preclimacteric women. In the subanalyses, study outcomes were 

compared between climacteric women using HT versus those not using HT.  
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25-hydroxyvitamin D measurements 

The age 46 clinical examinations included blood samples drawn after an overnight fast between 

8 and 11 a.m. Before analysis, samples were stored at –70 °C. A chemiluminescence 

microparticle immunoassay (CMIA) Architect i2000SR automatic analyzer (Abbott 

Diagnostics, Oulu, Finland) was used to measure the 25(OH)D concentrations (certified 

according to Center for Disease Control and Prevention’s Vitamin D Standardization-

Certification Program) 28. Coefficients of variation (CV) were calculated from repeated quality-

control samples, which were included in the assay with the study samples. CV was less than 

3.6% across the working range of the assay. CMIA was compared with a high-performance 

liquid chromatography (HPLC) with a high correlation of 0.922 and highly reliable 

reproducibility (R = 0.98) for the two methods. Six commercially available quality control 

samples were also analyzed, and 25(OH)D concentrations were within one standard deviation 

(SD) range of the reference results.  

The 25(OH)D concentrations were measured from a total of 2,549 participants at age 46. 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 29. Furthermore, 59 measurements were excluded as outliers.  

Covariates 

To take into account the impact of solar UVB radiation on 25(OH)D concentrations, we used 

latitude of residence, season of the blood sampling, and frequency of sunny holidays in our 

analyses. 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 

Centre at the time of the 46-years follow-up study 19. Based on the date of participants’ clinical 

examination, the season of the blood sampling was categorized as falling within either the low 
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(November–May) or high (June–October) vitamin D season 30. Information on frequency of 

sunny holidays abroad within the previous 10 years was categorized as at least once a year, 

every two to three years, and never 31. 

Information on smoking, alcohol consumption, educational status, frequency of sunny holidays 

abroad, and physical activity were collected from the questionnaire data at age 46. Smoking 

was categorized as either current smoker or non-smoker. Alcohol intake was categorized into 

abstainer, low-risk drinker (≤20 g/d), and at-risk drinker (>20 g/d) and was calculated based on 

the consumption of beer, wine, and spirits during six months prior to taking the questionnaire 

32,33. Educational status was categorized into three categories of basic, secondary, and higher 

education level. Based on the frequency and duration of leisure time physical activity, physical 

activity was calculated as metabolic equivalent of task (MET) scores in hours per week 34. 

Overall vitamin D intake from diet and supplements at age 46 was estimated using information 

from the questionnaire. Since 2010, dairy products and fat spreads (except butter) have been 

fortified with vitamin D3 according to Finnish nutrition recommendations 35. To evaluate 

vitamin D intake from diet, the Finnish National Food Composition Database maintained by 

the National Institute of Health and Welfare was used as described previously in detail 36,37. 

Questions asking “How many glasses (0.2 L) do you usually drink/eat per day of: 1. milk, 2. 

sour milk, 3. other dairy products (e.g., yoghurt, other fermented milk products, ice cream)?” 

were used to calculate consumption of dairy products. All dairy products were approximated 

to contain 1 µg of vitamin D per 100mL/100g, as recommended. Fat spread consumption was 

estimated from the type of spread, from the count of bread slices per day eaten, and from the 

amount of spread per bread slice. Butter and organic butter were estimated to contain 0 µg/g of 

vitamin D, vegetable oil spreads and plant-based sterol and stanol margarines 0.2 µg/g, and 

butter/organic butter and vegetable oil mixtures 0.1 µg/g. Vitamin D dose was approximated 

to be 13.4 µg per one 150g fish portion based on the vitamin D content of the 10 most 
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commonly consumed fish in Finland according the National Food Composition Database—

daily fish consumption was 13.4 µg/day, twice a week 3.8 µg/day, once a week 1.9 µg/day, 

and less than that (0 µg/day) 36,37. 

The use of vitamin supplements was queried using 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?” All vitamin D-containing supplements, combined calcium and 

vitamin D supplements, multivitamins, and omega-3-supplements were included. Each 

participant reporting using supplements containing vitamin D were considered as a “vitamin D 

supplementation user.” A participant not listing any vitamin D-containing vitamins or dietary 

supplements in response to the medication question was considered to be a “no vitamin D 

supplementation user.” Vitamin D supplementation dose was counted as the sum of different 

supplementation products. Answers missing from the dose section were filled based on the 

name of the product from the information gathered via internet search. Those who admitted to 

the use of “vitamin D” without any other information were included as vitamin D 

supplementation users, but we were not able to fill the missing dose due to the missing answers. 

Thus, the total number of participants reporting the use of vitamin D supplementation was 

higher (n = 944) than the number of participants also reporting their vitamin D supplementation 

dose (n = 857). 

During the clinical examination, height (cm) and weight (kg) were measured with light clothing 

by well-trained nurses. BMI was calculated as weight per height squared (kg/m2). 

Ethical approval 

The study was originally approved by the ethical committee of the Northern Ostrobothnia 

hospital district (94/2011, 12/2003). Permission to use nationwide register data was sought 

from the institutions administrating the registers. Written and informed consent was obtained 
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from all participants to use the collected cohort data and to separately their register data for 

scientific purposes. 

Statistical analyses 

An independent samples t-test was used for normally distributed continuous variables and a 

Mann-Whitney U test for skewed continuous variables to compare climacteric and 

preclimacteric women as well as climacteric women with and without HT. To compare 

distributions of categorical variables, Pearson’s χ2 test was used across study groups. P-values 

below 0.05 were considered statistically significant. A multivariable linear regression model 

was conducted to control for potential confounders when evaluating the independent 

association between climacteric status and 25(OH)D concentrations in the study population. 

The confounding factors in the model were selected based on previous studies that have 

investigated factors associated with 25(OH)D concentrations 19,38, including latitude, the 

season of the blood sampling, smoking, BMI, physical activity, dietary vitamin D, and vitamin 

D supplementation dose. We also performed a subanalysis to investigate factors associated 

with 25(OH)D concentrations only in climacteric women using a multivariable linear 

regression model, including use of HT, latitude, season of the blood sampling, smoking, BMI, 

physical activity, dietary vitamin D, and use of vitamin D supplements. All confounding factors 

were added into the regression models simultaneously. In the models, we examined two-way 

interactions between the main explanatory variables. On the grounds of goodness of fit tests, 

only the interaction terms of the independent variables with significant p-values were included 

into the final models. For testing the assumptions of the final linear regression models, the 

homoscedasticity and normality of residuals were illustrated with plots. The results of the 

multivariable linear regression model are presented in Figures 2 and 3, with beta coefficients 

with 95% confidence intervals. For continuous predictor variables, beta coefficients can be 

interpreted as the mean difference in 25(OH)D associated with a one-unit change in the 
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predictor variable, adjusted for all covariates. For binary predictor variables, beta coefficients 

can be interpreted as the mean group difference in 25(OH)D, adjusted for all covariates. 

The statistical analyses were executed using IBM SPSS Statistics for Windows, Version 26 

(IBM Corp., Armonk, NY, USA). Figure 1 was created using CorelDRAW Graphics Suite 

2019, Version 21.0.0.593 (Corel Corporation, Canada), and Figures 2 and 3 were created 

using GraphPad Prism Version 8.0.1.244 (GraphPad Software, San Diego, USA). 

Results 

In the study population, there were 351 climacteric and 2,193 preclimacteric women with 

25(OH)D concentration measurements at age 46. According to the Care Register for Health 

Care, eight of our study participants were diagnosed with POI. The duration of amenorrhea 

was less than 24 months for two-thirds of climacteric women, whose exact menstrual 

anamnesis was available 39. A total of 76 of the climacteric women used HT. The background 

and clinical characteristics of climacteric and preclimacteric women at age 46 are shown in 

Table 1. A higher proportion of climacteric women were living in the most northern latitudes 

of Finland (49.6% vs. 41.3%, P = 0.001), and they were more often current smokers (21.8% 

vs. 17.3%, P = 0.047) compared to preclimacteric women. Other background characteristics, 

including season of the blood sampling, alcohol consumption, level of education, frequency of 

sunny holidays abroad, BMI, and physical activity, did not differ between the study groups. 

Table 2 shows vitamin D intake from diet and supplementation, which did not differ between 

the study groups.  

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, table 1). 

Figure 2 depicts the linear regression model including climacteric status, BMI, vitamin D from 

diet and supplementation, smoking, physical activity, season of the blood sampling, and 

latitude. In the model, climacteric status was not associated with 25(OH)D concentrations 
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(multivariable adjusted mean difference 4.5 nmol/L, 95% confidence interval –1.4 to 10.4, P = 

0.137). 

When comparing climacteric women using HT (n = 76) and those who did not use HT (n = 

275), there was no difference in background and clinical characteristics, dietary vitamin D 

intake, use of vitamin D supplementation, or vitamin D supplementation dose. However, there 

was a higher amount of physical activity in HT users (Tables 1 and 2). Unadjusted mean serum 

25(OH)D was higher in climacteric (68.1 ± 19.4 nmol/L) compared to preclimacteric women 

(65.2 ± 19.3 nmol/L, P = 0.001) and in climacteric women using HT (72.6 ± 19.4 nmol/L) 

compared to climacteric women not using HT (66.8 ± 19.8 nmol/L, P = 0.025). Climacteric 

women using HT also had higher mean serum 25(OH)D concentrations than preclimacteric 

women (P = 0.001), whereas there was no difference between preclimacteric women and 

climacteric women not using HT (P = 0.196). In terms of the administration route for HT, 46 

(60.5%) used oral and 30 (39.5%) used transdermal HT preparation. The mean 25(OH)D 

concentrations did not differ between oral and transdermal HT users (70.7 ± 21.4 nmol/L vs. 

75.5 ± 15.7 nmol/L, P = 0.291).  

Figure 3 depicts the linear regression model with climacteric women only, including HT use, 

BMI, vitamin D from diet and supplementation, smoking, physical activity, season of the blood 

sampling, and latitude. HT use had an independent positive association with 25(OH)D 

concentrations (multivariable adjusted mean difference 5.9 nmol/L, 95% confidence interval 

1.3 to 10.5, P = 0.013). 

Discussion 

In this cross-sectional study of a population-based cohort, the early onset of the climacteric 

phase was not associated with impaired vitamin D status. HT use was associated with higher 

25(OH)D concentrations in climacteric women in their mid-40s. 
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A few studies have investigated vitamin D status in women facing menopausal transition at an 

early age. To the best of our knowledge, only one study has investigated vitamin D status in 

women with POI, performed by Kebapcilar et al 10, and it included 35 POI women and 28 

healthy controls in their mid-30s. The study suggested that vitamin D deficiency was common 

in women with POI although the number of the participants was small. A large follow-up study 

by Purdue-Smithe et al 11 investigated whether premenopausal vitamin D concentrations were 

associated with the risk of early menopause and found no association. We did not find any 

earlier studies investigating vitamin D status in women who have experienced early 

menopause. To our knowledge, this was also the first study to demonstrate an association 

between HT use and improved 25(OH)D concentrations. However, estrogen-containing oral 

contraceptives have been shown to be associated with elevated 25(OH)D concentrations 20,22, 

which was also found in this cohort at age 31 19.  

Previously, it has been hypothesized that estrogen might increase the concentrations of vitamin 

D binding protein (DBP), which is the main carrier of 25(OH)D in the blood 40. There is a 

positive correlation between DBP and 25(OH)D concentrations, and when DBP increases, 

increased levels of 25(OH)D in the serum have been observed 41,42. Other studies have 

suggested that the mechanism included the induction of 25-hydroxylase activity 19,40,43. Only a 

few animal studies have examined the effect of estradiol on 25-hydroxylation; however, they 

demonstrate that estradiol administration may increase 25-hydroxylase activity 44,45. To the best 

of our knowledge, there are no studies investigating the effect of estradiol on 25-hydroxylase 

activity in humans. There is also some evidence that estrogen might stimulate 1-alpha-

hydroxylase 46. In our study population, no difference in 25(OH)D concentrations was found 

between oral versus transdermal HT users. As the hepatic stimulation effect by transdermal HT 

is minor 47, other mechanisms besides 25-hydroxylase-related ones are likely to be involved.  
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Previous studies with smaller total populations or wider age ranges have not observed an 

association between 25(OH)D concentrations and HT use 22–24. A cohort study by Shirazi et al 

22, including 727 women (mean age 56.9 years), showed a nonsignificant tendency toward 

higher 25(OH)D concentrations in postmenopausal women using HT. A cross-sectional study 

of 995 women found no association between HT use and 25(OH)D concentrations 23. Rejnmark 

et al followed 25(OH)D concentrations of peri- and postmenopausal women with (n = 89) and 

without (n = 98) oral HT for a period of five years and found that HT use was associated with 

higher DBP but not with 25(OH)D concentrations. However, the analyses of the study were 

performed using repeated measures ANOVA without adjustment for confounding factors. 24 

Heikkinen et al investigated the effect of HT and vitamin D supplementation, both separately 

and combined, on 25(OH)D concentrations in a randomized placebo-controlled trial of 69 

postmenopausal women at age 53 on average, reporting that HT alone had no effect on 

25(OH)D concentrations, whereas vitamin D supplementation alone or combined with HT 

increased it 48. 

Overall, 25(OH)D concentrations were fairly good in our study population considering the risk 

factors for vitamin D deficiency 13. However, vitamin D status in both preclimacteric and 

climacteric women was in line with previous studies from different Finnish populations by 

Jääskeläinen et al 15 and Raulio et al 35. Previously, studies have suggested that the national 

fortification of dairy products and fat spreads are the main reasons for the improvement of the 

25(OH)D concentrations in Finland, only accompanied by vitamin D supplementation 15,49. 

In climacteric women with and without HT, there was no difference in dietary vitamin D 

content or use of vitamin D supplementation even though both were positively associated with 

25(OH)D concentrations in an adjusted model. Adequate vitamin D intake from these may 

benefit women with early-onset menopause, especially those not using systemic estrogen 

treatment 8. Among climacteric women, HT users and non-users differed in terms of physical 
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activity but not in the other studied variables. However, the possibility cannot be excluded that 

the difference in 25(OH)D could be explained by socioeconomic and lifestyle factors instead 

of metabolic features. In the multivariable linear regression model of climacteric women, the 

impact of HT use remained significant. 

Our earlier study with this population found that earlier-onset of the climacteric phase is 

associated with unfavorable changes in cardiovascular risk profile 39. Studies have suggested 

that HT use might protect postmenopausal women against cardiovascular diseases 50,51. In 

addition, some evidence suggests that adequate 25(OH)D concentrations may have an 

atheroprotective function 14,52,53. HT has favorable effects on bone mineral density 54,55, and 

vitamin D also plays an important role in bone health 3. It is possible that vitamin-D-related 

pathways contribute to positive health outcomes in HT.  

This study has several strengths. It was a large general population study with a high number of 

participants with 25(OH)D measurements. The participation rate was high, and the study 

population was ethnically homogenous and born in the same area within about one year. 

Vitamin D status may be affected by age 56, which was controlled by the narrow age range of 

the study population. The study group division was performed according to both FSH values 

and menstrual history, increasing the reliability of menopause status. The use of HT was 

verified using nationwide registry data. Due to comprehensive cohort study data collection, we 

were able to control several confounding factors that are known to be associated with vitamin 

D status 19,38. 

Our study also has limitations. It was a cross-sectional study, with one measurement of 

25(OH)D concentrations at age 46. Some cohort participants were not included in our study as 

they did not attend to all parts of the 46-years follow-up. However, background characteristics 

did not seem differ substantially 57. As the majority of the women in the study population were 

preclimacteric at age 46, the number of women using HT was too small to compare the different 
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routes of administration or dosing of HT preparations. However, the climacteric women in the 

study represented an at-risk population for morbidities due to their early-onset climacteric 

transition 58. Even though important conflicting factors affecting vitamin D metabolism were 

assessed in our analysis, there may also be other potential covariates. For example, medications 

have been suggested to interact with vitamin D 59. As vitamin D supplementation use was based 

on self-reported data, reporting bias is possible. Our detailed questionnaire asked for the 

vitamins and medications used, but we lacked information on the duration of vitamin D 

supplementation. However, in a subanalysis (data not shown), 25(OH)D concentration was 

associated positively with vitamin D supplementation, which supports the reliability of the 

data.  

Conclusions 

In this cross-sectional study, the early onset of the climacteric phase was not associated with 

impaired vitamin D status. The use of HT was associated with higher 25(OH)D concentrations 

in women facing the climacteric phase by their mid-40s. The study findings provide novel 

information on the possible advantages of HT. Further clinical studies are needed to investigate 

the mechanism involved in systemic estrogen treatment and vitamin D metabolism. 
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Table and figure legends 

 

FIGURE 1. Flow chart of the study population. 

25(OH)D, 25-hydroxyvitamin D; FSH, follicle stimulating hormone; HT, hormone therapy. 

 

TABLE 1. Background and clinical characteristics of the study population at age 46. 
a Preclimacteric vs. climacteric women; b Climacteric women with HT vs. climacteric women 

without HT. Variables were compared using Mann-Whitney U test (continuous variables with 

skew distribution), independent samples t-test (continuous variables with normal distribution), 

or Pearson’s χ2 (categorical variables). c Latitude: 60°N, Helsinki and surrounding areas; 65°N, 

the city of Oulu, and >65°N, the northernmost provinces of Oulu and Lapland. d High vitamin 

D seasons: summer (June 1–August 30) and autumn (September 1–October 31). Low vitamin 

D seasons: winter (November 1–March 31) and spring (April 1–May 31). e Alcohol intake: 

abstainers (0 g/d), low-risk drinkers (≤20 g/d), and at-risk drinkers (>20 g/d). f The metabolic 

equivalent of task (MET) of physical activity scores in hours per week (frequency and duration 

of leisure time activities). 25(OH)D, 25-hydroxyvitamin D; HT, hormone therapy; IQR, 

interquartile range; MET, metabolic equivalent of task; SD, standard deviation. 

TABLE 2. Vitamin D intake from diet and supplements between study groups at age 46. 

 
a Preclimacteric vs. climacteric women; b Climacteric women with HT vs. climacteric women 

without HT. Variables compared using the Mann-Whitney U test (continuous variables with 

skew distribution), independent samples t-test (continuous variables with normal 

distribution), or Pearson’s χ2 (categorical variables); c Dietary vitamin D intake was evaluated 

using questionnaire data and the Finnish National Food Composition Database maintained by 

the National Institute of Health and Welfare 36,37. HT, hormone therapy; SD, standard 

deviation; IU, international unit.  
 

FIGURE 2. Forest plot showing beta coefficients of predictor factors’ associations with 25-

hydroxyvitamin D concentrations at age 46. Analysis was performed using a multivariable 

linear regression model. All variables were included into the model simultaneously. BMI 

(kg/m2), dietary vitamin D (IU), vitamin D supplementation dose (IU), and physical activity 

(MET) scores in hours per week served as continuous variables and are marked with *. For 

continuous predictor variables, beta coefficients can be interpreted as the mean difference in 

25(OH)D associated with a one-unit change in the predictor variable, adjusted for all 

covariates. For binary predictor variables, beta coefficients can be interpreted as the mean 

group difference in 25(OH)D, adjusted for all covariates. 
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Interactions included into final model: climacteric status*latitude, climacteric status*season of 

the blood sample, climacteric status*dietary vitD, latitude*vitD supplementation dose, 

BMI*physical activity, and physical activity*vitD supplementation dose.  

25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; CI, confidence interval; vitD, vitamin 

D; MET, metabolic equivalent of task. 
 

FIGURE 3. Forest plot showing beta coefficients of predictor factors’ associations with 25-

hydroxyvitamin D concentrations in climacteric women at age 46. This subanalysis was 

performed using a multivariable linear regression model including only the climacteric women 

of the study population (n = 351). All variables were included into the model simultaneously. 

BMI (kg/m2), dietary vitamin D (IU), vitamin D supplementation dose (IU), and physical 

activity (MET) scores in hours per week served as continuous variables and are marked with 

*. For continuous predictor variables, beta coefficients can be interpreted as the mean 

difference in 25(OH)D associated with a one-unit change in the predictor variable, adjusted for 

all covariates. For binary predictor variables, beta coefficients can be interpreted as the mean 

group difference in 25(OH)D, adjusted for all covariates. 

Interactions included into final model: Smoking*latitude, latitude*vitD supplementation dose, 

vitD supplementation dose*smoking. 

25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; CI, confidence interval; HT, 

hormone therapy; vitD, vitamin D; MET, metabolic equivalent of task. 

 

 

 

 

 



TABLE 1. Background and clinical characteristics of the study population at age 46. 

 

Characteristic Preclimacteric 

women  

(N = 2,193) 

Climacteric 

women 

(N = 351) 

P-value Climacteric 

women with HT 

(N = 76) 

Climacteric 

women 

without HT 

(N = 275) 

P-value 

Latitude c, N (%)       

>65°N 905 (41.3) 174 (49.6) 0.001 a 38 (50.0) 136 (49.5) 0.9 b 

65°N 563 (25.7) 60 (17.1)  14 (18.4) 46 (16.7)  

60°N 725 (33.1) 117 (33.3)  24 (31.6) 93 (33.8)  

       

Season of the blood 

sampling d, N (%) 

      

Low sunlight months 1,252 (57.1) 197 (56.1) 0.73 a 41 (53.9) 156 (56.7) 0.67 b 

High sunlight months 941 (42.9) 154 (43.9)  35 (46.1) 119 (43.3)  

       

Smoking, N (%)       

Non-smoker 1,795 (82.7) 266 (78.2) 0.047 a 57 (78.1) 209 (78.3) 0.97 b 

Current smoker 376 (17.3) 74 (21.8)  16 (21.9) 58 (21.7)  

       

Alcohol consumption e, 

N (%) 

      

Abstainer 247 (11.3) 37 (10.7) 0.55 a 7 (9.2) 30 (11.1) 0.118 b 

Low-risk drinker 1,776 (81.1) 288 (83.2)  68 (89.5) 220 (81.5)  

At-risk drinker 166 (7.6) 21 (6.1)  1 (1.3) 20 (7.4)  

       

Education, N (%)       

Basic 119 (5.4) 25 (7.2) 0.199 a 5 (6.6) 20 (7.4) 0.41 b 

Secondary 590 (26.9) 102 (29.5)  18 (23.7) 84 (31.1)  

Higher 1,481 (67.6) 219 (63.3)  53 (69.7) 166 (61.5)  

       

Sunny holidays abroad, 

N (%) 

      

At least once a year 266 (12.4) 33 (10.0) 0.44 a 9 (13.2) 24 (9.1) 0.082 b 

Every two to three 

years 

1,008 (47.1) 162 (48.9)  39 (57.4) 123 (46.8)  

Never 866 (40.5) 136 (41.1)  20 (29.4) 116 (44.1)  

       

BMI, kg/m2, mean (SD) 26.5 (5.3) 26.5 (5.2) 0.94 a 26.2 (4.2) 26.6 (5.5) 0.53 b 

       

Physical activity f, 

median [IQR] 

14.3 [17.5] 15.6 [17.7] 0.19 a 19.1 [18.5] 14.3 [18.6] 0.033 b 

       

25(OH)D, nmol/L, 

mean (SD) 

65.2 (19.3) 68.1 (19.8) 0.01 a 72.6 (19.4) 66.8 (19.8) 0.025 b 

       

Table1



TABLE 2. Vitamin D intake from diet and supplements between study groups at age 46. 
 

 Preclimacteric 

women  

(N = 2,193) 

Climacteric 

women  

(N = 351) 

P-value Climacteric 

women with HT  

(N = 76) 

Climacteric 

without HT  

(N = 275) 

P-value 

Total nutrition dose c, 

IU, mean (SD) 

404 (200) 400 (184) 0.63 a 412 (184) 396 (188) 0.48 b 

Dairy products dose c, 

IU, mean (SD) 

224 (136) 224 (128) 0.93 a 244 (132) 220 (124) 0.13 b 

Fat spreads dose c, IU, 

mean (SD) 

144 (76) 144 (72) 0.74 a 132 (68) 148 (76) 0.094 b 

Fish dose c, IU, mean 

(SD) 

80 (92) 72 (72) 0.25 a 72 (68) 72 (76) 0.76 b 

Vitamin D 

supplementation, N (%) 

      

Yes 787 (35.9) 118 (33.6) 0.41 a 24 (31.6) 94 (34.2) 0.67 b 

No 1,406 (64.1) 233 (66.4)  52 (68.4) 181 (65.8)  

Supplementation dose, 

IU, mean (SD) 

756 (740) 688 (684) 0.38 a 564 (280) 720 (752) 0.35 b 
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Figure1



Coefficient (β) of 

25(OH)D (95 % CI)

P-value

4.5 (-1.4 to 10.4) 0.137

-0.4 (-0.6 to -0.2) < 0.001

0.012 (0.008 to 0.016) < 0.001

0.009 (0.007 to 0.012) < 0.001

-0.7 (-2.6 to 1.1) 0.430

0.4 (0.1 to 0.6) 0.008

-5.2 (-6.8 to -3.7) < 0.001

-5.9 (-8.1 to -3.8) < 0.001

-2.4 (-4.4 to -0.5) 0.013

Figure2



Coefficient (β) of

25(OH)D (95% CI)

P-value

5.9 (1.3 to 10.5) 0.013

-0.6 (-1.0 to -0.2) 0.002

0.021 (0.0011 to 0.032) < 0.001 

0.015 (0.002 to 0.028) 0.020

-9.5 (-18.1 to -0.8) 0.032

0.03 (-0.1 to 0.2) 0.651

-8.3 (-12.2 to -4.5) < 0.001

3.3 (-9.4 to 15.9) 0.621

-4.1 (-13.5 to 5.2) 0.387

Figure3



MENO-D-20-00417 

The onset of the climacteric phase by age 46 was not associated with inadequate 25-hydroxyvitamin 

D (25(OH)D) concentrations, whereas hormone therapy use was associated with higher 25(OH)D 

status in women with early-onset climacterium. 

Two Sentence Summary


