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ABSTRACT

Aim: To examine the association of iron biomarkers with menopausal status and assess whether these biomarkers
can help differentiate menopausal status beyond age.

Methods: In this cross-sectional study we included 1679 women from the CoLaus and 2133 from the PREVEND
cohorts, with CoLaus used as primary cohort and PREVEND for replication. Ferritin, transferrin, iron, and
transferrin saturation (TSAT) were used to assess iron status. Hepcidin and soluble transferrin receptor were
assessed only in PREVEND. Menopausal status was self-reported and defined as menopausal or non-menopausal.
Logistic regressions were used to explore the association of these iron biomarkers with menopause status.
Sensitivity, specificity, area under the receiver operating characteristic curves (AUC), positive and negative
predictive values as well as cut-off points for the iron biomarkers were calculated. The model with the highest
AUC was defined as the best.

Results: In the CoLaus and PREVEND cohorts, respectively, 513 (30.6 %) and 988 (46.3 %) women were post-
menopausal. Ferritin (OR, 2.20; 95 % CI 1.72-2.90), transferrin (OR, 0.03; 95 % CI 0.01-0.10), and TSAT (OR,
1.28; 95 % CI 1.06-1.54) were significantly associated with menopausal status in CoLaus, with the findings
replicated in PREVEND. AUC of age alone was 0.971. The best model resulted from combining age, ferritin, and
transferrin, with an AUC of 0.976, and sensitivity and specificity of 87.1 % and 96.5 %, respectively. Adding
transferrin and ferritin to a model with age improved menopause classification by up to 7.5 %. In PREVEND, a
model with age and hepcidin outperformed a model with age, ferritin, and transferrin.

Conclusion: Iron biomarkers were consistently associated with menopausal status in both cohorts, and modestly
improved a model with age alone for differentiating menopause status. Our findings on hepcidin need
replication.

1. Introduction

characterized by increased risk of several chronic diseases and mortality
[1]. According to the World Health Organization (WHO), the number of

Menopause is a physiological phenomenon that marks the end of the postmenopausal women is projected to exceed one billion over the next
reproductive lifespan in women, with an impact on their life decade as a result of population aging, with implications for research
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and population health [2]. Identifying biomarkers that could help better
define menopausal status could therefore have several beneficial im-
plications. From a public health perspective, improving the information
on menopausal status is essential for investigation of causal relations,
describing populations and informing policy decision-making, in
continuing the efforts for healthy aging.

Nevertheless, clinical importance of early diagnosis of menopause
becomes relevant especially in cases of premature ovarian insufficiency
(POI) (menopause before the age of 40) and/or early menopause
(menopause before the age of 45), which are characterized with an
increased risk of central adiposity, increased bone loss and risk of
chronic diseases [3]. Moreover, early diagnosis becomes particularly
relevant when discussing the initiation of Hormone Replacement Ther-
apy (HRT) [4].

Because data on menopausal status is not routinely collected in
clinical practice, true prevalence of menopause is impossible to deter-
mine. Oftentimes, lack of such data force the use of alternative infor-
mation (e.g., using age as a cut-off), leading to misclassification bias and
erroneous conclusions [5]. Contrary to occasions in which menopause is
induced through medical interventions (e.g., surgical removal of both
ovaries), defining menopausal status is not always straightforward.
According to the WHO, physiological menopause is defined as a period
of 12 consecutive months of amenorrhea [2]. Thus, menopausal status
can only be retrospectively defined, prolonging the time to diagnosis,
making it prone to recall bias and increased rates of misclassification.
Several biomarkers have been suggested to help define menopausal
status such as; frequency of menses, follicle stimulating hormone (FSH),
anti-Miillerian hormone (AMH), inhibin B levels, and vasomotor and
urogenital signs and symptoms—;jointly referred to as the STRAW +10
criteria [6,7]. While the capacity of the aforementioned hormones in
predicting time to menopause has been well documented, their ability to
define menopausal status has not been conclusively demonstrated
[8-10]. Therefore, new methods for defining menopausal status shall be
explored.

After menopause, ferritin and hepcidin levels can increase up to
threefold in comparison to levels before menopause [11-13]. Contrarily,
there is a slight decrease in soluble transferrin receptor (sTfR), and
transferrin levels after menopause. The changes in iron biomarker levels
after menopause are not understood completely, but lack of menstrua-
tion has been suggested as the main factor, as well as change on the
inflammatory and hormonal status [12,14,15]. While as we have shown
in a recent publication, levels of iron biomarkers are age-dependent, the
relationship between iron biomarkers and their combined influence
with age in classifying menopause status is yet to be explored [13]. To
our knowledge, no study has explored the role of iron biomarkers in
defining menopausal status. This study therefore aimed to identify the
utility of iron biomarkers in differentiating menopausal status.

2. Materials and methods
2.1. Study population

In this study, we used cross-sectional data from the baseline assess-
ment (2003-2006) of CoLaus study as a primary cohort to examine the
association between ferritin, transferrin, iron and transferrin saturation
(TSAT) levels and menopausal status. Prevention of Renal and Vascular
End Stage Disease (PREVEND) cohort data from the second screening
(2001 to 2003), was used to replicate the results. Levels of two other iron
biomarkers; hepcidin and soluble transferrin receptor (sTfR) were only
available in the PREVEND study, thus, due to the inability of replicating
finding on these biomarkes, they were included in a sensitivity analysis.

Briefly, the CoLaus cohort is a single-centre population-based cohort
of people living in Lausanne, Switzerland. The baseline assessment was
conducted from June 2003 to May 2006 and participants were followed
up from 2003 to 2017. Inclusion criteria consisted of written informed
consent and age 35-75 years. There were 6733 participants at the
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baseline and all of them provided informed consent. The study was
approved by the Institutional Ethic's Committee of the University of
Lausanne [16].

The PREVEND study investigates the risk factors for and the preva-
lence and consequences of microalbuminuria in otherwise healthy
adults (>18 years) in the city of Groningen, Netherlands [17]. Briefly, all
inhabitants of the city of Groningen aged 28-75 years were invited, from
1997 to 1998, to participate in the study and were asked to complete a
brief questionnaire and provide morning urine. The urinary albumin
concentration (UAC) was determined in 40,856 responders. Pregnant
women and participants with insulin-dependent diabetes mellitus were
excluded. 6000 Participants with a UAC > 10 mg/L were enrolled.
Additionally, a randomly chosen control group with a UAC of <10 mg/L
(n = 2592) were enrolled. These 8592 participants constitute the PRE-
VEND cohort. A second screening round took place from 2001 to 2003,
encompassing 6894 participants. The PREVEND study has been
approved by the local medical ethics committee (MEC 96,/01/022) and
was undertaken in accordance with the Declaration of Helsinki. All
participants provided written informed consent.

2.2. Exclusion criteria

Participants were excluded from this analysis in case of (i) contra-
dictory or no information on menopausal status; (ii) hysterectomy or
ovariotomy; (iii) Hormone Replacement Therapy (HRT); (iv) C-Reactive
Protein (CRP) > 10 mg/L; (v) missing data on independent variables.

2.3. Ascertainment of menopausal status and age at menopause

Physiological menopause was defined as self-reported spontaneous
cessation of menstruations.

In the baseline of CoLaus cohort, menopausal status was assessed by
asking the participants the following question “are you menopaused?”.
For assessment of age at menopause, participants were questioned “age
at last menses”.

In PREVEND only “Age at time of menopause” by type of menopause
(natural or non-natural based on their reported HRT status or surgical
menopause) was asked, and no data was available regarding meno-
pausal status. Therefore, when the age of menopause onset was re-
ported, we classified women as postmenopausal, otherwise, as non-
menopausal.

2.4. Assessment of iron biomarker levels

2.4.1. CoLaus

Ferritin was assessed by immunoturbidimetric method (Tina-quant
4th generation, Roche Diagnostics, Switzerland). Transferrin was
assessed by immunoassay. We converted transferrin units from mg/dL to
g/L to match the data on PREVEND. Iron was released from transferrin
by acetic acid and was reduced to the ferrous state by hydroxylamine
and thioglycolate. The ferrous ion was immediately complexed with the
FerroZine Iron Reagent (SYNCHRON LX® System(s), UniCel®). We also
converted iron units from microg/dL to umol/L to match the data on
PREVEND.

Transferrin saturation (TSAT) was calculated as 100 x serum iron
(pmol/L) =+ 25 x transferrin (g/L) [18]. No information on fasting status
of participants was available.

2.4.2. PREVEND

Fasting blood samples were drawn in the morning from all subjects
from April 24, 2001, to December 3, 2003. Serum iron was measured
using a colorimetric assay, ferritin using immunoassay, and transferrin
using an immunoturbidimetric assay (all Roche Diagnostics). TSAT was
calculated as in CoLaus. Serum hepcidin was calculated with a
competitive enzyme-linked immunosorvent assay. An automated ho-
mogenous immunoturbidimetric assay with intra and interassay
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coefficients of variations <2 % and 5 % quantified sTfR [18].
2.5. Statistical analysis

Descriptive statistics for continuous variables were presented as
means and Standard Deviations (SD), or median (interquartile range)
when the distribution was not normal. Categorical variables were pre-
sented as percentages. To achieve normal distributions, skewed vari-
ables were natural log-transformed (Ferritin, Transferrin, sTfR and
Hepcidin) or square root transformed (TSAT and Iron). Age-adjusted
logistic regression models were used to cross-sectionally explore
whether transferrin, ferritin, and TSAT levels were associated with
menopausal status (postmenopausal vs. non-menopausal), separately for
CoLaus and PREVEND cohorts. Odds Ratios (OR) of one (log or square
root) transformed unit and 95 % confidence intervals (CI) were calcu-
lated. To explore the capacity of iron biomarkers to differentiate post-
menopausal women from non-menopausal women, we used data from
CoLaus and a model having only age as predictor variable (referred to as
the base model). Then, we built additional logistic models containing
information on the participants' levels of ferritin, transferrin, TSAT and
iron, adjusted for age. We thereafter evaluated a final model that con-
sisted of age and combination of iron biomarkers. The Area Under the
Receiver Operating Characteristic Curves (AUCs) were estimated from
the logistic regressions to evaluate the utility of transferrin, ferritin,
TSAT and iron as diagnostic criterion for menopausal status. In addition,
we evaluated the performance of univariable and multivariable models
for discriminating menopausal status by calculating the sensitivity,
specificity, percentages of correctly classified percentages, and positive
and negative predictive values (PPV and NPV) of the final model. Liu's
method was used to identify optimal cut-offs for age, transferrin, and
ferritin to define menopausal status. The transformed variables were
back-transformed [19]. The difference in AUC of the multivariable
models with age as base model was used to identify the best model. We
then replicated the best model in the PREVEND cohort. All analyses
were performed using Statistical Package STATA version 17 (Station
College, Texas, USA).

Total study participants
3544
(2003-2006)-Switzerland
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2.6. Sensitivity analysis

Because menopause is primarily known to occur between the age of
40 and 60, we restricted our analysis to this age group [12]. Second to
this, to explore the utility of iron biomarkers in distinguishing women
who have recently transitioned to menopause, we excluded all women
older than 60 years old and those who had menopause for longer than 5
years. As menopause occurs predominantly between the ages of 40 and
55 years old, we further restricted the population to this age-range to
further investigate the utility of iron biomarkers at classifying meno-
pause status at younger populations. As menopause is not only related
with a change in iron levels, but with a change in cardiovascular bio-
markers levels as well as with a chronic state of inflammation, we
explored the utility of cardiovascular risk factors, Body Mass Index
(BMI) and CRP in differentiating menopausal status [20]. Finally,
because information on hepcidin and sTrF was only available in PRE-
VEND we evaluated the capacity of these biomarkers on defining
menopausal status. We also calculated cut-off points using the Youden's
index. We also calculated ORs per SD increase.

3. Results
3.1. General characteristics

A total of 3812 (1679 from CoLaus and 2133 from PREVEND)
women with information on menopausal status and iron biomarkers
were included in this study (Fig. 1 & Fig. S1). Included participants were
younger and had a better cardiovascular profile (Table S1). Table 1
summarizes the baseline characteristics of all women included in the
analysis. In the CoLaus cohort, 513 (30.5 %) women were post-
menopausal, compared to 988 (46.3 %) in the PREVEND cohort.

3.2. Association of iron biomarkers with menopausal status

The association of ferritin, transferrin, and TSAT with menopausal
status was positively consistent in both cohorts, albeit TSAT was
marginally significant in PREVEND. On the contrary, iron levels were
not related to menopausal status in either of the cohorts (Table 2).

97 Participants with
missing or contradictory

A

Information on menopause
3447

A 4

information on
menopausal status

* 496-hysterectomy
845-HRT

A 4

A 4

Analytic population
1679

* 108 -CRP>10
* 319-missing data

Premenopausal

1166 v 513
Postmenopausal

Fig. 1. Flowchart of participants from the CoLaus cohort .
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Table 1
General characteristics of all eligible participants from CoLaus and PREVEND
cohorts.

Characteristics CoLaus (n = 1679)

(2003-2006) Switzerland

PREVEND (n = 2133)
(2001-2003) Netherlands

Postmenopausal n 513 (30.6) 988(46)
(%)
Age, years 48.4 +£9.89 51.3 +11.46
Cholesterol, 5.4 (4.7-6.11) 5.3 (4.6-6.0)
mmol/L

Systolic BP, mmHg 118 (109-130) 116 (107-129)

Diastolic BP, 76 (69-83)

mmHg
BMI, kg/m2 23.42 (21.20-26.91) 25.39 (22.92-28.54)
Glucose, mmol/L 5.1 (4.8-5.5) 4.7 (4.3-5.1)
Transferrin, g/L 235.9 (212.7-268.1) 245 (215.8-270.1)
Ferritin, pg/L 65 (37-113) 55 (28-106)
Iron pmol/L 17(13.07-21.48) 15(11-18)

Data are means +SD or median (interquartile range), or n (%) where indicated;
BP- Blood Pressure.

BMI-Body Mass Index; Data on diastolic blood pressure are missing in PREVEND
cohort.

Table 2
Association of age and iron biomarkers with menopausal status.

Cohort CoLaus (n = 1967) PREVEND (n = 2133)

Exposure OR 95 % CI P-value OR 95 % CI P-value
Age 1.62 1.53-1.71 <0.001 1.80 1.70-1.93 <0.001
Ferritin* 2.20 1.72-2.90 <0.001 2.21 1.74-2.80 <0.001
Transferrin* 0.03 0.01-0.10 <0.001 0.08 0.03-0.30 <0.001
Iron* 1.09 0.84-1.40 0.515 1.07 0.83-1.40 0.595
TSAT* 1.28 1.06-1.54 0.007 1.21 0.99-1.48 0.056

OR-Odds Ratio; 95 % CI- 95 % Confidence intervals; TSAT-Transferrin Satura-
tion. Variables denoted with * have been transformed and adjusted for age.

3.2.1. Utility of iron biomarkers to differentiate menopause; findings from
primary cohort (CoLaus)

Menopausal status was strongly related to age (Table 3A). Ferritin,
transferrin, TSAT and iron alone showed lower performance than age,
with ferritin performing better than transferrin, TSAT and iron
(Table S2). Both transferrin and ferritin improved the base model
significantly (p-value < 0.001), with a marginal improvement in the
AUC, while TSAT and iron did not (p > 0.05) (Table 3A & Table 3B). The
best model resulted from combining age, ferritin, and transferrin
(Table 4). Age alone correctly classified 92.3 % (n = 1550) of the whole
sample. Including transferrin and ferritin contributed to correctly clas-
sifying 1.4 % (n = 23) more participants.

Using Liu's method, the most optimal cut-off levels for age, ferritin,
and transferrin in distinguishing women's menopausal status were
50.75 years, 79.05 pg/L, 2.34 g/L respectively, in the CoLaus cohort,

Table 3A
Menopause differentiation utility of iron biomarkers, CoLaus cohort.
Sensitivity Specificity (95  AUC *AUC P-value
(95 % CI) % CI) A
Age 83.80 96.10 0.9716 - -
(80.3-86.9) (94.8-97.1)
Age + 86.70 96.10 0.9751 0.0035 <0.001
Ferritin (83.5-89.6) (94.8-97.1)
Age + 85.00 96.10 0.9747 0.0021 <0.001
Transferrin (81.6-88.0) (94.9-97.2)
Age + Iron 84.21 96.04 0.9717 0.0001 0.715
(80.8-87.3) (94.8-97.1)
Age + TSAT 84.4 96.00 0.9724 0.0008 0.150
(81.0-87.4) (94.8-97.1)

TSAT-Transferrin Saturation; AUC-Area Under the Curve; A-Difference; *Dif-
ference in AUC between the base model and other models.

Maturitas 179 (2024) 107872

Table 3B
Menopause differentiation utility of iron biomarkers, PREVEND cohort.
Sensitivity Specificity (95 AUC AUC P-value
(95 % CI) % CI) A*
Age 92.4 93.9 0.9845 - -
(90.6-94.0) (92.3-95.2)
Age + 93.0 94.7 0.9866 0.0021 >0.001
Ferritin (91.2-94.5) (93.2-95.9)
Age + 92.8 94.2 0.9852 0.0007 0.051
Transferrin (91.0-94.3) (92.6-95.4)
Age + Iron 92.4 93.7 0.9845 0.0000 0.582
(90.6-94.0) (92.1-95.0)
Age + TSAT 92.7 93.8 0.9846 0.0001 0.056
(90.9-94.2) (92.2-95.1)

TSAT-Transferrin Saturation; AUC-Area Under the Curve; A Difference.
*-Difference in AUC between the base model and other models.

Table 4
Final model (Age, ferritin, and transferrin) performance in CoLaus and PRE-
VEND cohorts.

Sensitivity (95 %  Specificity (95%  AUC PPV NPV
Cn cn

CoLaus 87.1 (83.9-89.9)  96.5(95.4-97.5) 0.9764 91.7 94.4
% %

PREVEND 93.0 (91.2-94.5)  94.4(92.9-95.7)  0.9868  93.4 94.0
% %

PREVEND*  93.6 (91.8-95.1)  94.8 (93.4-96.0)  0.9872  93.8 94.6
% %

AUC -Area Under the Curve; PPV-Positive Predictive Value; NPV-Negative Pre-
dictive Value.
PREVEND*- Model with age and hepcidin.

with slight differences in the PREVEND cohort (Table 5).

3.2.2. Utility of iron biomarkers to differentiate menopause; findings from
replication cohort (PREVEND)

Results in PREVEND showed similar results of iron biomarkers alone
in differentiating menopausal status, although both ferritin and trans-
ferrin performed better compared to CoLaus cohort (Table S2). Simi-
larly, the results of the final model including age, ferritin and transferrin
were replicated in PREVEND (Table 4).

3.3. Sensitivity analysis

Results were consistent across all sensitivity analyses. Restricting the
analysis to populations aged between 40 and 60 years old, as well as
excluding women that were menopaused for >5 years in a second
sensitivity analysis, did not affect the association between transferrin
and ferritin and menopausal status, with TSAT and iron again not
significantly improving the model with age. Similar findings were ob-
tained after restricting the population to 40 to 55 years. Restricting the
population to this age range increased the magnitude of improvement
iron biomarkers had on the base model (Tables S3 to S8). In this age
range, iron biomarkers improved classification by 7.5 % (n = 73) as
opposed to a model only with age. Menopause-related cardiometabolic
biomarkers as well as CRP and BMI adjusted for age did not show a
better performance in differentiating menopausal status compared to a
model containing only age (Table S9).

Finally, sTfR, did not significantly improve a model with age in the
PREVEND cohort. On the other hand, hepcidin not only improved a
model with age, but it outperformed the model containing age, trans-
ferrin, and ferritin (Table S10).

The cut-off points estimated using Youden's Index were very similar
to the ones estimated using Liu's method (Tables S11 and S12). OR per
SD increase are shown in Table S13.
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Table 5
Cut off points derived from Liu's method using univariate models.
ColLaus PREVEND
Cutoff point Sensitivity Specificity Cutoff point Sensitivity Specificity
Age 51.00 90 % 93 % 50.00 95 % 92 %
Ferritin(ug/L) 79.05 65 % 71 % 59.5 72 % 75 %
Transferrin(g/L) 2.34 44 % 45 % 2.55 47 % 38 %
TSAT% 27.79 59 % 48 % 16.36 73 % 75 %

TSAT-Transferrin Saturation.

4. Discussion
4.1. Interpretation of main findings

In this population-based cross-sectional study of the Swiss and Dutch
cohorts, we showed that ferritin and transferrin levels are associated
with menopausal status and can help determining menopausal status.
Ferritin values of >79.1 pg/L, showed a sensitivity of 65 % and speci-
ficity of 71 %. When added to a model with age, transferrin and ferritin
significantly improved the model, with an improvement of the model
performance. Their utility was better compared to cardiometabolic
biomarkers, despite the changes on cardiometabolic profile after
menopause. It is worth mentioning that the magnitude of improvement
of a base model by iron biomarkers increased by restricting the age
range of our population. For example, without age restrictions, adding
iron biomarkers to a model with age consisted of an increase on AUC of
only 0.0048, in contrast to an improvement of 0.024 when restricting
age between 40 and 55. Moreover, reclassification was improved by 7.5
% as opposed to an improvement of 1.4 %.

4.2. Our findings in context with previous research

Although there are studies on the change of levels of iron biomarkers
after menopausal transition, none has evaluated their ability in deter-
mining menopausal status. In line with our findings, a Danish study
among 1359 nonpregnant women found that postmenopausal women
had higher ferritin levels than premenopausal women [21]. Another
study in the USA found a higher ferritin and lower sTfR among post-
menopausal women [22]. The NHANES III study found that ferritin
levels stayed relatively low before menopause, after which they
increased [23]. These changes come as a result of first and foremost the
cessation of blood loss through the cessation of menses [14]. Moreover,
menopausal transition and menopause have been characterized with an
increase in inflammation as well as obesity and a change in body
composition, conditions associated with changes in iron storages
[15,24,25].

The better performance of hepcidin could be explained by the hy-
pothesized correlation between hepcidin and oestradiol levels in the
blood, with oestradiol suppressing hepcidin in order to increase iron
absorption [12,26].

Previous studies on the relation between hormonal levels and
menopausal status have had inconsistent findings. An FSH level of >40
IU/L has been proposed as indicative of postmenopausal status or late
postmenopausal transition [27,28]. When using this cut-off to differ-
entiate between perimenopausal and postmenopausal women, Stellato
et al. reported a sensitivity of 55 %, a specificity of 66 %, and a PPV of
38 % [29]. Several other studies reported impaired ability of FSH, AMH,
and inhibin B on differentiating menopausal status [9,30-34]. On the
other hand, our findings show a better performance of iron biomarkers
when defining postmenopausal status. However, these studies have
differentiated between menopausal transition stages. We had no infor-
mation on the different stages of menopausal transition (pre and
perimenopause).

There have also been studies that have estimated menopausal status
of participants in cases where data on menopausal status was missing or

was invalid. When dealing with such scenarios, some studies have used
age as a cut-off for defining menopausal status [5,35,36]. Another study
assigned probabilities of menopausal status based on the age and the
prevalence of menopause in their sample [37]. However, the variability
in the age of menopause can lead to misclassification and misleading
results [38]. If such an approach is to be implemented, our results sug-
gest that in addition to age, iron biomarkers can help improving the rate
of correctly classified participants, especially for women aged 40 to 55
years old. In addition, iron biomarkers levels could be used as priors
when using Bayesian statistics on estimating the true prevalence of
menopause in a given population.

4.3. Implications of our findings

Menopause has often been associated with societal stigma and only
lately movements to overcome it have started to arise. Awareness
campaigns in some countries have been followed by amendments in
policies, exemplified by the UK government's decision on reducing the
costs of HRT, a key preventive measure of the menopausal symptoms
and the heightened risk for various diseases [39]. WHO advocates the
inclusion of diagnosis, treatment, and management of menopause as
part of universal health coverage [40]. However, regardless the proven
fact that this is a high-risk community, menopause is poorly managed
even in developed countries [41]. One of the reasons is also the difficulty
of diagnosing menopausal status. A survey of 4014 women in the UK
reports that 30 % of women declared a delay in diagnosis of menopause,
and multiple visits were needed to define their menopausal status. In
addition, this report states the health economic impact of menopause
and the benefits of such preventive strategies [39]. Timely diagnosis is
crucial for management of menopause and the prevention of chronic
diseases, whose risk increases after this transition. Therefore, an objec-
tive method is urgently needed. Ferritin and transferrin are attractive
candidates for menopausal identification due to their cost-effectiveness,
widespread accessibility, and well-known uses and interpretation [42].
Thus, new methods that could aid in the diagnosis of menopausal status
and shortening the time to diagnosis, avoiding the recall bias of self-
identification, would lead to a more accurate designation of policies
with timely screening and more successful prevention programs, espe-
cially in cases of POI [41]. This gains more relevancy considering ferritin
and other iron biomarkers have been implicated in contributing to
menopause and sex-specific-related cardiometabolic conditions, thus
their significance may extend beyond the menopausal transition itself
[43].

4.4. Strengths and limitations

The strengths of this study are the population-based study design, the
large sample size and the detailed data available that included different
iron biomarkers measured. Furthermore, our results were replicated in
PREVEND cohort study, showing consistency through most of our main
and sensitivity analyses.

Some limitations that need to be addressed are self-reported meno-
pausal status where recall bias cannot be ruled out; however, we expect
this to be independent of iron assessment. Most of our sample was of
Caucasian origin; this might reduce some confounding bias but also the



L. Kastrati et al.

generalizability of our results to other ethnic backgrounds. The two
cohorts also differed on assessments of menopausal status. While in
CoLaus both menopausal status and age of menopause were used, in
PREVEND only age of reported natural menopause was used as indicator
of postmenopausal status. Moreover, the two cohorts had different
sociodemographic characteristics and used different methods for iron
biomarkers quantification, which could have contributed to differences
in cut-off values of iron biomarkers to define menopause status. How-
ever, we believe these factors did not produce substantial changes in our
findings as the direction and the effect sizes were similar, and no sub-
stantial differences were identified between cohorts. Moreover, in the
CoLaus cohort, over 20 % of the participants were using HRT, versus
only 7 % in PREVEND. Lastly, no information on different stages of the
menopausal transition was available, which precludes the assessment of
the capacity of iron biomarkers on differentiating between different
stages of menopause. However, our sensitivity analyses suggest that iron
biomarkers can help improving classification of menopausal status of
women in early post menopause (less than five years since last menstrual
period). This is particularly important when discussing HRT initiation
[4]. Nevertheless, more studies exploring the changes in iron status from
perimenopause to menopause are needed to corroborate our findings.

5. Conclusions

Ferritin and transferrin levels were consistently related to meno-
pausal status and modestly improved a model relying on age on defining
the menopausal status, while our findings on hepcidin need further
replication. This improvement was higher when restricting the range of
age to the age in which menopause is more common to occur. Further
research is needed to explore whether iron biomarkers can have clinical
and public health utility in menopause staging and management.
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