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Abstract

Background

Literature proves anti-mullerian hormone (AMH) and total testosterone (TT) as two impor-

tant reproductive hormones in male development, however evidence regarding age varia-

tions of these hormones is lacking.

Aims

To estimate the normal serum AMH values and to assess the age-specific TT levels in men

aged 30–70, we conducted the present population-based study.

Methods

A total of 831 healthy eligible men, aged 30–70 years, were recruited from Tehran Lipid and

Glucose study cohort. Centiles for AMH were estimated according to the exponential normal

3-parameter model. The parametric method of Royston available in general software was

applied for the first time to estimate the age-specific AMH and TT percentiles of 5th, 10th,

25th, 50th, 75th, 90th and 95th.

Results

Mean AMH level was 6.93, ranging from 0.1 to 40.1 ng/ml. Serum AMH concentrations fol-

lowed a steady reduction with increasing age. Mean TT level was 4.8, ranging from 0.44 to

11.4 ng/ml.
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Discussion

A measurable serum concentrations of AMH in healthy males throughout lifespan with varia-

tions, based on age, confirming a slight age-related AMH decline. Fractional polynomial

(FP) regression models revealed that the mean and standard deviation (SD) of the TT were

not associated with age, so the percentiles estimated were not age-specific.

Conclusion

We presented a nomogram of age-specific AMH values in a healthy cohort of Iranian men.

This finding might have clinical importance in dealing hormonal disorders in men.

Introduction

The age-specific variations for hormones particularly sex hormone levels throughout life has

drawn interest in recent years. Anti-Mullerian Hormone (AMH) is a dimeric glycoprotein and

a member of the transforming growth factor β (TGF- β) family of growth factors [1]. It is

secreted by the Sertoli cells surrounding the genocytes and has the main role in male sexual

differentiations [2].

In clinical pediatric endocrinology the role of AMH, as a marker of Sertoli cells function, in

addition to the testosterone levels, as a marker of Ledig cells function, have been well estab-

lished[3]. Specifically, the role of AMH in the diagnosis of boy’s hypogonadism[4], anorchia

[5], cryptorchidism[6] and disorders of sex development[7]has been previously confirmed.

Besides evaluating the gonadal function, there exist reports indicating AMH as a predictor of

renal[8] or cardiovascular diseases in middle-aged or older men[9]; suggesting new insights

from a clinical standpoint. However, the pattern of AMH secretion varies greatly among differ-

ent age groups and also between the elderly men of similar age [10]. Therefore generating and

facilitating a nomogram for age-specific serum AMH levels in men might help clinicians to

better elaborate the related medical conditions.

Testosterone as an AMH regulator has the potential of decreasing AMH expression in

Sertoli cells. The evidence is based on the inverse association between testosterone and

AMH levels in the development process of males[11]. As the Sertoli cells undergo their mat-

uration, the androgen-dependent down-regulation of AMH[12, 13] and the inhibitory

effect of androgens on AMH production in pubertal boys occur[14]. However, due to the

lack of androgen receptors expression, this negative association is not observed during early

fetal or neonatal periods[15]. Despite the studies showing the AMH-testosterone interac-

tions during early human development or pubertal periods, few have been conducted to

seek the AMH and testosterone variations simultaneously among middle-aged or older men

[10, 16].

Testosterone undergoes age-related production changes that are considered as a normal

process in male aging [17], however, the trend of total testosterone (TT) variations with

advancing age is slightly debatable among different papers. A number of cross-sectional and

longitudinal observations have demonstrated decreasing TT with age [18–20]; as for exam-

ple, in the prospective cohort study by Travison et al., a substantial age-independent reduc-

tion in TT levels of 2769 American men aged 49-75was reported[21]. In contrast, some other

studies stated no change or even found an increase in TT values in middle-aged men [22], in
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particular, the prospective cohort study of Health in Men, among 4263 men aged 70–89

years, reported a relative stable serum level of TT[23].

To date, although many studies have evaluated AMH concentrations in men [24–26]; of

them, few have examined trend of AMH changes in elderly[10, 16]. In a relevant population-

based study, Aksglaede et al. described the ontogeny of AMH secretion among 1027 Danish

healthy male infants, children, adolescents and adult males from birth to the age of 69. They

found a relative stable level of AMH throughout adulthood; however, the findings may mostly

represent the normal range of AMH in boys from infancy to the age of 19; since in that study

115 participants were adults, aged 20–69 years[16].

Almost all previous nomograms presented for TT and AMH values were separate from

each other and were not done as a single study. We aimed to integrate these values in a cohort

of adult middle-aged and older men. The subjects were extracted from a population-based

cohort of healthy Iranian men [27]. Also, for the first time, the parametric method of Royston

was recruited to estimate the age-specific percentiles[28].

Materials and methods

This is a cross sectional study conducted as a part of the TLGS (Tehran Lipid and Glucose

Study) cohort phase 1, an ongoing community based prospective study initiated in 1999[27].

A total of 831 eligible healthy men, aged 30–70 year, were extracted from TLGS cohort; partici-

pants with incomplete data, unavailable blood samples, history of chronic disease, testicular or

endocrine disorders and use of certain medications (such as antiandrogens, gonadotropin-

releasing hormone agonists, glucocorticoids, 5-alfa reductase inhibitors, opiates, antiepileptic

and hormone therapy) were excluded. Subjects were residence of district No.13 of Tehran and

were under the coverage of three medical health centers, selected by multistage cluster random

sampling method.

A standardized questionnaire covering demographic data, smoking and physical activity

habits and medical and familial history was completed. Initially the participants were inter-

viewed and then referred to laboratory for blood sampling. The study proposal was approved

by the Medical Ethics Committee of the Research Institute for Endocrine Sciences and

informed consent was obtained from the participants.

Details of physical examinations, anthropometric and lab measurements which were per-

formed by trained examiners have been previously published[29]. Following phlebotomy,

blood samples were drawn between 07:00 and 09:00 a.m. after an overnight fasting condition

and then centrifuged within 30–45 min of collection and stored at -80˚C.

Determination of TT was done based on Enzyme Immunoassay (EIA) (DRG Instrument,

Sunrise, Tecan Co. Salzburg, Austria, GmbH, Germany). The intra-interassay coefficients of

variations (CVs) were 5.7% and 8.4% respectively at the detection limit of 0.002 ng/ml. Follicle

stimulating hormone (FSH), luteinizing hormone (LH) and prolactin (PRL) values were mea-

sured using Immunoradiometric assay (IRMA) (Izotop, Budapest, Hungary, Gamma couter:

Dream Gamma- 10, Goyang-si, Gyeonggi-do, South Korea) with the intera-interassay coeffi-

cients of variations (CVs) of 1.3–1.4%, 2.9–3.0% and 2.5–2.6%, respectively, at the detection

limit of 0.08 mIU/mL, 0.02 mIU/mL and 0.04 ng/mL.

Total AMH was determined using EIA (AMH Gen P, Beckman Coulter, Inc. Ca, USA,

Sunrise, Tecan Co. Sazburg, Austria). The modified protocol was used for measuring AMH, as

the original Gen P may underestimate serum AMH levels[30]. The intra-interassay

CVswere3.1% and 3.2% respectively at the detection limit of 0.08ng/ml. All analyses were per-

formed at the TLGS research laboratory.

AMH and testosterone levels among Iranian men
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Statistics

Baseline characteristics are expressed as mean± standard deviation (SD) and frequency± per-

centage. Normality of distribution was examined by Kolmogorov-Smirnov test. The normal-

based methodology described by Altman and Chitty[31], Royston and Wright[28, 32]and Teh-

rani et al [33]was used to estimate age-specific AMH percentiles. Fractional polynomial (FP)

regression models were fitted separately to estimate the mean and SD of the log AMH values

as functions of age; SD was modeled using the scaled absolute residuals from the estimated

regression model for the mean. Based on a closed-test comparison between FP models, regres-

sion models linear in age were selected for both mean and SD. Percentiles were obtained by

combining these two regression models, using the assumption that the conditional distribution

of log AMH values given age is normal. Percentile curves on the original scales (AMH nomo-

gram) were obtained by taking antilogs of the calculated curves.

The normal plot of the Z-scores from the normal model described above showed that nor-

mality does not hold. An exponential–normal (EN) 3-parameter model[28] provided better fit

with a deviance significantly lower than the simpler normal model (p<0.001), and the normal

plots of the Z-scores from the EN model appear reasonably linear. The EN model was fitted by

maximum likelihood using the Stata command xriml[34].

Fractional polynomial (FP) regression models revealed that the mean and standard devia-

tion (SD) of the testosterone were not associated with age, so the percentiles estimated were

not age-specific. A modulus exponential–normal (MEN) 4-parameter model[28]provided

better fit with a deviance significantly lower than the simpler normal model (p<0.001) or

exponential–normal (EN) 3-parameter model (p<0.001), and the normal plots of the Z-

scores from the MEN model appear reasonably linear (Fig 1), (P-value for the Shapiro-Wilk

Fig 1. Normal Q-Q plot of the Z-scores from the modulus exponential–normal (MEN) model for

estimating testosterone percentiles.

https://doi.org/10.1371/journal.pone.0179634.g001

AMH and testosterone levels among Iranian men

PLOS ONE | https://doi.org/10.1371/journal.pone.0179634 July 17, 2017 4 / 13

https://doi.org/10.1371/journal.pone.0179634.g001
https://doi.org/10.1371/journal.pone.0179634


test = 0.12). The 2.5th, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 97.5th percentiles of testosterone

levels were calculated. The MEN model was fitted by maximum likelihood using the Stata

command xriml[34].

Results

Characteristics of study participants are represented in Table 1. Mean age and BMI of the men

were 46.2 years (±0.4) and 25.9 kg/m2(±0.14), respectively. Mean serum AMH level in healthy

men, aged 30–70 years, was 6.93, ranging from 0.1 to 40.1ng/ml., while lowest values for AMH

were detected in the 61–70 year age group. The mean serum TT level in healthy men aged 30–

70 years was 4.8, ranging from 0.44 to 11.4 ng/ml. The lowest values for testosterone were

detected in the age group of 51–60 years.

Fig 2 displays AMH levels and the estimated values for age-specific 5th, 10th, 25th, 50th, 75th,

90th and 95th centiles in 831 participants; indicating a gradual decline of AMH values in adult

males. A summarization of the age-specific AMH decrease and the corresponding percentiles

is presented in Table 2.

Table 1. Characteristics of the study participants* (n = 831).

Age (years) 46.3(11.)

Body mass index (kg/m2) 25.9(4)

Waist circumference (cm) 88.9(11)

Hip circumference (cm) 96.3(7.2)

Systolic blood pressure (mmHg) 121.2(19.8)

Diastolic blood pressure (mmHg) 78.6(11.1)

Fasting blood sugar (mg/dl) 99.3(31.6)

Triglycerides (mg/dl) 180.7(102.2)

Total cholesterol (mg/dl) 208.7(40.2)

High-density lipoprotein (HDL-c) (mg/dl) 38.7(9.4)

Low-density lipoprotein (LDL-c) (mg/dl) 134.4(34.2)

Luteinizing hormone (mIU/mL) 4.6(3.1)

Follicle stimulating hormone (mIU/mL) 6.7(5.5)

Prolactin (ng/ml) 9(13.3)

Daily smoker; No.(%) 627(25.2%)

• Smoking < 10 cig/day; No.(%)

• Smoking > 10 cig/day; No.(%)

• 345(13.9%)

• 300(12%)

AMH (ng/ml) 6.9(5)

• AMH in 30–40 years; No.(%) = 337(40.55%)

• AMH in 41–50 years; No.(%) = 175(21%)

• AMH in 51–60 years; No.(%) = 164(19.73%)

• AMH in 61–70 years; No.(%) = 155(18.65%)

• 8(5.6)

• 6.5(4.2)

• 6.4(4.7)

• 5.3(4.3)

TT (ng/ml) 4.8(1.5)

• TT in 30–40 years; No.(%) = 337 (40.55%)

• TT in 41–50 years; No.(%) = 175 (21%)

• TT in 51–60 years; No.(%) = 164 (19.73%)

• TT in 61–70 years; No.(%) = 155 (18.65%)

• 4.8(1.4)

• 4.8(1.5)

• 4.6(1.2)

• 4.9(1.7)

AMH, Anti- Mullerian hormone; TT, total testosterone

*Mean(SD), except where otherwise indicated.

https://doi.org/10.1371/journal.pone.0179634.t001
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The 2.5th, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 97.5th percentiles of testosterone levels

were as following; 2.04, 2.57, 3.13, 3.99, 4.77, 5.60, 6.66, 7.46 and 8.28. Fig 3 depicts a stable

level of serum TT with no increase or decrease with advancing age throughout lifespan.

Using bivariate correlation, significant inverse relation between AMH and age (r = -.19,

p< 0.001) and BMI (r = -0.08, p = 0.01) was shown. Partial correlation analysis between AMH,

lipid and hormonal factors, after controlling for age and BMI, indicated that except for FSH

and LH that were inversely correlated with AMH (r = -0.15, p<0.001 and r = -0.08, p = 0.01,

respectively), there was no significant relation between other parameters.

Discussion

In our study, we found measurable serum concentrations of AMH in healthy males through-

out lifespan with variations, based on age, confirming a slight age-related AMH decline.

A variety of nomograms have been created for fertile or infertile women so far[35–37], but

the age-specific AMH levels in men using the mentioned statistical approach, has to the best of

our knowledge, not been studied before. There is only one report on the ontogeny of AMH

secretion in healthy males which was mostly focused on the serum values from infancy until

puberty periods [16]. The only related available study was conducted among 1027 Danish

healthy male infants, children, adolescents and adult males from birth to the age of 69. Partici-

pants were recruited from three population-based studies [38–40]; however, since in that

study 115 participants were adults, aged 20–69 years and the rest were boys from infancy to

the age of 19, the results may not completely represent the normal range and fluctuations of

AMH in adult men. Therefore, we believe that our study might be confirmatory in terms of

adulthood age ranges.

Consistent with previous findings in elderly men[10, 16], we observed a gradual reduction

in AMH values with advancing age which may be due to the age-related decrease of Sertoli

cells [41]. After controlling for age and BMI factors, the serum AMH levels had only negative

Fig 2. Anti-mullerian hormone percentiles in healthy men aged 30–70 years. AMH = anti-mullerian

hormone (the lines indicate 5th, 10th, 25th, 50th, 75th, 90th and 95th percentiles of AMH levels).

https://doi.org/10.1371/journal.pone.0179634.g002
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significant correlation with FSH and LH; suggesting age-related reduced testicular function,

that is in agreement with previous reports both in male [42] and female populations [43].

Dennis et al introduced AMH as a novel regulator of the cardiovascular system and

declared that serum AMH levels in healthy older men inversely correlate with the diameter of

Table 2. Normative age-specific anti- mullerian hormone reference values and corresponding percentiles in men.

Percentiles

Age (years) 5th 10th 25th 50th 75th 90th 95th

30 2.41 3.12 4.68 7.08 10.40 14.39 17.31

31 2.36 3.06 4.59 6.98 10.29 14.27 17.19

32 2.30 2.99 4.51 6.88 10.17 14.15 17.08

33 2.25 2.92 4.43 6.78 10.06 14.03 16.97

34 2.19 2.86 4.35 6.68 9.95 13.92 16.85

35 2.14 2.80 4.27 6.58 9.84 13.80 16.74

36 2.09 2.74 4.19 6.49 9.73 13.69 16.63

37 2.04 2.68 4.11 6.39 9.62 13.57 16.52

38 1.99 2.62 4.04 6.30 9.52 13.46 16.41

39 1.94 2.57 3.97 6.21 9.41 13.35 16.30

40 1.90 2.51 3.89 6.12 9.30 13.24 16.19

41 1.85 2.46 3.82 6.03 9.20 13.13 16.09

42 1.81 2.40 3.75 5.94 9.10 13.02 15.98

43 1.76 2.35 3.69 5.86 9.00 12.92 15.87

44 1.72 2.30 3.62 5.77 8.90 12.81 15.77

45 1.68 2.25 3.55 5.69 8.80 12.70 15.66

46 1.64 2.20 3.49 5.61 8.70 12.60 15.56

47 1.60 2.15 3.43 5.53 8.60 12.49 15.46

48 1.56 2.11 3.36 5.45 8.51 12.39 15.35

49 1.53 2.06 3.30 5.37 8.41 12.29 15.25

50 1.49 2.02 3.24 5.29 8.32 12.19 15.15

51 1.45 1.97 3.19 5.21 8.23 12.09 15.05

52 1.42 1.93 3.13 5.14 8.14 11.99 14.95

53 1.39 1.89 3.07 5.06 8.05 11.89 14.85

54 1.35 1.85 3.02 4.99 7.96 11.79 14.75

55 1.32 1.81 2.96 4.92 7.87 11.69 14.65

56 1.29 1.77 2.91 4.85 7.78 11.59 14.56

57 1.26 1.73 2.85 4.78 7.69 11.50 14.46

58 1.23 1.69 2.80 4.71 7.61 11.40 14.36

59 1.20 1.66 2.75 4.64 7.52 11.31 14.27

60 1.17 1.62 2.70 4.57 7.44 11.22 14.17

61 1.14 1.59 2.65 4.50 7.36 11.12 14.08

62 1.12 1.55 2.61 4.44 7.28 11.03 13.99

63 1.09 1.52 2.56 4.37 7.20 10.94 13.89

64 1.06 1.49 2.51 4.31 7.12 10.85 13.80

65 1.04 1.45 2.47 4.25 7.04 10.76 13.71

66 1.01 1.42 2.42 4.19 6.96 10.67 13.62

67 .99 1.39 2.38 4.13 6.88 10.58 13.53

68 .97 1.36 2.33 4.07 6.80 10.50 13.44

69 .94 1.33 2.29 4.01 6.73 10.41 13.35

70 .92 1.30 2.25 3.95 6.65 10.32 13.26

https://doi.org/10.1371/journal.pone.0179634.t002
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their abdominal aorta [9]. In this regard, related animal studies on AMH association with ath-

erosclerosis are available for rhesus monkeys [44].

In a recent study by Qayyum and Akbar[45], an independent and inverse relation between

serum AMH and all-cause mortality in men was revealed. In this 9-year follow-up of 989

American adult men, they found that those who were alive at the end of the study had higher

levels of AMH than those who died within follow-ups. It may indicate potential effects of

AMH in relation to mortality risk factors; however, the study lacks adequate sample size and

multiple measurements of AMH during follow-ups.

Given these data, the applicability of AMH needs to be further investigated. Also, sparse

publications regarding AMH practical implications in men necessitate the presentation of a

nomogram for AMH based on age percentiles. An applicable implication of our observations

is that AMH nomograms in men might provide information regarding different health sta-

tuses. Although, data is limited in this regard, recent evidence states that AMH is no longer a

mere reproductive hormone and perhaps has regulatory effects in diseases like lung cancer[46]

or as above mentioned in cardiovascular disorders [9].

There are several statistical methods for estimating age-specific percentiles and reference

intervals. However, the following three methods are the most widely applied approaches in

practice: HRY method of Healy et al[47], LMS method of Cole[48], and normal methodology

of Royston[28]. The parametric method of Royston used in the present study, is a simple

method available in general software whose validity is comparable with the other two methods

and provides simple formula for estimation of an individual’s centile and allows formal statisti-

cal inference for comparing models using likelihood ratio tests.

Also, we found no change in TT concentrations with advancing age. Our observations

are in line with some previous findings. Using model selection and validation data analysis

Fig 3. Scatterplot of testosterone versus age and fitted regression line (Pearson r = 0.016; P-

value = 0.65).

https://doi.org/10.1371/journal.pone.0179634.g003
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extracted from thirteen studies, Kelsey et al. validated a normative model for TT throughout

lifespan and in average found no evidence of TT fall in men over 40 years and hence did not

support the andropause phenomenon [49]. This model had the strength of recruiting TT mea-

surements of over 10,000 healthy men aged 3–101 years.

Similarly, the study of Yeap et al among 3645 men aged 70–89, proved no testosterone

decline within aging [23]. Frost et al reported[50] the same reference intervals for testosterone

among healthy young (11.7–37.7 nmol/l, aged 20–29) and their elderly counterparts (11.2–

37.8 nmol/l, aged 60–74) was reported.

Comparatively, there exists contradictory data. The longitudinal studies of Baltimore aging

[18], Massachusetts male aging study [51] and population-based study of Tromso[52], all

reported an annual modest decline of approximate 0.3–0.5% in serum TT levels. This discor-

dance between present paper and the mentioned studies may be attributed to the age range

recruited, cross-sectional or longitudinal characteristic of the studies and accompanied influ-

encing factors like obesity or smoking habits.

Interestingly, Halmenschlager et al (n = 428)[22]and Rhoden et al. (n = 1,071)[53]observed

not only no decrease in TT levels in variance but stated increase with aging. However, in gen-

eral, a majority of studies concluded no change or a slight decline in TT levels of aging men.

Unfortunately, few studies are dedicated to the men older than age 65 years, while a large num-

ber of undesirable symptoms of androgen deficiency occur later in life.

Taken altogether, we observed a gradual decline in AMH levels with aging but we found no

significant reduction in testosterone levels. Perhaps, the underlying fact might be that, as previ-

ous studies have agreed [54, 55], the levels of hormones secreted by testes are independent and

they do not necessarily adjust each other.

It is the first population based survey on healthy Iranian men (aged 30–70) to access the

trend of AMH and testosterone changes. Strength of this study is its population-based design

and the statistical approach in estimating hormones percentiles. However, our study is subject

to limitations. In this study the available AMH measurement kit was the standard method of

AMH Gen II assay which was the main AMH measurement method in the past few years, but

may be less superior to some other newly introduced immunoassay methods in terms of sam-

ple dilution and sample storage[56]. However, not all the studies have challenged this pitfall

and some that have compared different AMH measurement methods, have found good corre-

lations between AMH values measured by Gen II assay and other new assay methods[57].

Also, due to the laborious and costly reference laboratory method which requires equilib-

rium dialysis, we were not able to measure free testosterone. Our primary aim was to assess TT

variations in elderly; however, this limitation may be explained by the results of the studies

which clearly support the stronger association of total testosterone with some androgenic dis-

orders in men compared with free hormone[58]. We were not able to measure sex hormone

binding globulin (SHBG)levels which could better interpret the hormone variations over time;

however, by applying a strict inclusion criteria and by excluding the subjects with different

health problems, we attempted to select our study sample from a cohort of healthy men to

avoid the effect of different diseases on increasing or decreasing SHBG dosage which could

contribute to incorrect total hormone estimations.

Also, we assessed the men aged 30–70 years, so the findings do not comprise the age groups

below or above the designated age ranges studied here; hence for the generalization of our

results, further extensive epidemiologic studies among different racial groups are needed.

In conclusion, we observed a slight decrease in AMH values and stable concentrations of

testosterone in middle-aged and older men with aging. Accessing to the normal range values

of AMH and testosterone may have the potentiality of evaluating or predicting specific health

conditions.
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affect expression of anti-müllerian hormone by Sertoli cells in premeiotic seminiferous tubules. The

American journal of pathology. 1996; 148:1689. PMID: 8623936

14. Rey R, Lordereau-Richard I, Carel JC, Barbet P, Cate RL, Roger M, et al. Anti-mullerian hormone and

testosterone serum levels are inversely during normal and precocious pubertal development. The Jour-

nal of clinical endocrinology and metabolism. 1993; 77:1220–6. https://doi.org/10.1210/jcem.77.5.

8077315 PMID: 8077315

15. Boukari K, Meduri G, Brailly-Tabard S, Guibourdenche J, Ciampi ML, Massin N, et al. Lack of androgen

receptor expression in Sertoli cells accounts for the absence of anti-Mullerian hormone repression dur-

ing early human testis development. The Journal of Clinical Endocrinology & Metabolism. 2009;

94:1818–25.

16. Aksglaede L, Sorensen K, Boas M, Mouritsen A, Hagen CP, Jensen RB, et al. Changes in anti-Mullerian

hormone (AMH) throughout the life span: a population-based study of 1027 healthy males from birth

(cord blood) to the age of 69 years. The Journal of clinical endocrinology and metabolism. 2010;

95:5357–64. https://doi.org/10.1210/jc.2010-1207 PMID: 20843948

17. Deslypere J, Kaufman J, Vermeulen T, Vogelaers D, Vandalem J, Vermeulen A. Influence of age on

pulsatile luteinizing hormone release and responsiveness of the gonadotrophs to sex hormone feed-

back in men. The Journal of Clinical Endocrinology & Metabolism. 1987; 64:68–73.

18. Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR. Longitudinal effects of aging on serum

total and free testosterone levels in healthy men. Baltimore Longitudinal Study of Aging. The Journal of

clinical endocrinology and metabolism. 2001; 86:724–31. https://doi.org/10.1210/jcem.86.2.7219

PMID: 11158037

19. Snyder PJ. Decreasing testosterone with increasing age: more factors, more questions. The Journal of

clinical endocrinology and metabolism. 2008; 93:2477–8. https://doi.org/10.1210/jc.2008-0922 PMID:

18617703

20. Qing XR, Wang LL, Zhan XX, Mo DS, Cai HC, Shang XJ, et al. [Reproductive hormone levels and rele-

vant parameters in middle-aged and older men in the urban area of Nanjing]. Zhonghua nan ke xue =

National journal of andrology. 2014; 20:347–53.

21. Travison TG, Araujo AB, O’Donnell AB, Kupelian V, McKinlay JB. A population-level decline in serum

testosterone levels in American men. The Journal of clinical endocrinology and metabolism. 2007;

92:196–202. https://doi.org/10.1210/jc.2006-1375

22. Halmenschlager G, Rhoden EL, Riedner CE. The influence of age on bioavailable and free testosterone

is independent of body mass index and glucose levels. World journal of urology. 2011; 29:541–6.

https://doi.org/10.1007/s00345-011-0724-x PMID: 21739121

23. Yeap BB, Almeida OP, Hyde Z, Norman PE, Chubb SA, Jamrozik K, et al. In men older than 70 years,

total testosterone remains stable while free testosterone declines with age. The Health in Men Study.

European journal of endocrinology / European Federation of Endocrine Societies. 2007; 156:585–94.

24. Lee MM, Misra M, Donahoe PK, MacLaughlin DT. MIS/AMH in the assessment of cryptorchidism and

intersex conditions. Molecular and cellular endocrinology. 2003; 211:91–8. PMID: 14656481

25. Szarras-Czapnik M, Gajewska M, Ksiazyk J, Janas R, Ginalska-Malinowska M. [Anti-Mullerian hor-

mone (AMH) measurements in the assessment of testicular function in prepubertal boys and in sexual

differentiation disorders]. Endokrynologia, diabetologia i choroby przemiany materii wieku rozwojo-

wego: organ Polskiego Towarzystwa Endokrynologow Dzieciecych. 2006; 12:195–9.

26. Isikoglu M, Ozgur K, Oehninger S, Ozdem S, Seleker M. Serum anti-Mullerian hormone levels do not

predict the efficiency of testicular sperm retrieval in men with non-obstructive azoospermia. Gynecologi-

cal endocrinology: the official journal of the International Society of Gynecological Endocrinology. 2006;

22:256–60.

27. Azizi F, Ghanbarian A, Momenan AA, Hadaegh F, Mirmiran P, Hedayati M, et al. Prevention of non-

communicable disease in a population in nutrition transition: Tehran Lipid and Glucose Study phase II.

Trials. 2009; 10:5. https://doi.org/10.1186/1745-6215-10-5 PMID: 19166627

28. Royston P, Wright EM. A method for estimating age-specific reference intervals (‘normal ranges’)

based on fractional polynomials and exponential transformation. Journal of the Royal Statistical Society:

Series A (Statistics in Society). 1998; 161:79–101.

29. Hadaegh F, Derakhshan A, Mozaffary A, Hasheminia M, Khalili D, Azizi F. Twelve-Year Cardiovascular

and Mortality Risk in Relation to Smoking Habits in Type 2 Diabetic and Non-Diabetic Men: Tehran Lipid

and Glucose Study. PloS one. 2016; 11:e0149780. https://doi.org/10.1371/journal.pone.0149780

PMID: 26930192

30. Craciunas L, Roberts SA, Yates AP, Smith A, Fitzgerald C, Pemberton PW. Modification of the Beck-

man-Coulter second-generation enzyme-linked immunosorbent assay protocol improves the reliability

AMH and testosterone levels among Iranian men

PLOS ONE | https://doi.org/10.1371/journal.pone.0179634 July 17, 2017 11 / 13

http://www.ncbi.nlm.nih.gov/pubmed/8623936
https://doi.org/10.1210/jcem.77.5.8077315
https://doi.org/10.1210/jcem.77.5.8077315
http://www.ncbi.nlm.nih.gov/pubmed/8077315
https://doi.org/10.1210/jc.2010-1207
http://www.ncbi.nlm.nih.gov/pubmed/20843948
https://doi.org/10.1210/jcem.86.2.7219
http://www.ncbi.nlm.nih.gov/pubmed/11158037
https://doi.org/10.1210/jc.2008-0922
http://www.ncbi.nlm.nih.gov/pubmed/18617703
https://doi.org/10.1210/jc.2006-1375
https://doi.org/10.1007/s00345-011-0724-x
http://www.ncbi.nlm.nih.gov/pubmed/21739121
http://www.ncbi.nlm.nih.gov/pubmed/14656481
https://doi.org/10.1186/1745-6215-10-5
http://www.ncbi.nlm.nih.gov/pubmed/19166627
https://doi.org/10.1371/journal.pone.0149780
http://www.ncbi.nlm.nih.gov/pubmed/26930192
https://doi.org/10.1371/journal.pone.0179634


of serum antimullerian hormone measurement. Fertil Steril. 2015; 103:554–59.e1. https://doi.org/10.

1016/j.fertnstert.2014.10.052 PMID: 25487749

31. Altman DG, Chitty LS. Design and analysis of studies to derive charts of fetal size. Ultrasound in obstet-

rics & gynecology: the official journal of the International Society of Ultrasound in Obstetrics and Gyne-

cology. 1993; 3:378–84.

32. Royston P, Wright EM. How to construct ’normal ranges’ for fetal variables. Ultrasound in obstetrics &

gynecology: the official journal of the International Society of Ultrasound in Obstetrics and Gynecology.

1998; 11:30–8.

33. Tehrani F, Mansournia M, Solaymani-Dodaran M, Azizi F. Age-specific serum anti-Müllerian hormone

levels: estimates from a large population-based sample. Climacteric. 2014; 17:591–7. https://doi.org/

10.3109/13697137.2014.912262 PMID: 24716733

34. Wright E, Royston P. Age-specific reference intervals (“normal ranges”). Stata Technical Bulletin. 1997;

6.

35. Nelson SM, Messow MC, Wallace AM, Fleming R, McConnachie A. Nomogram for the decline in serum

antimullerian hormone: a population study of 9,601 infertility patients. Fertility and sterility. 2011;

95:736–41 e1–3. https://doi.org/10.1016/j.fertnstert.2010.08.022 PMID: 20869051

36. Tehrani FR, Mansournia MA, Solaymani-Dodaran M, Azizi F. Age-specific serum anti-Mullerian hor-

mone levels: estimates from a large population-based sample. Climacteric: the journal of the Interna-

tional Menopause Society. 2014; 17:591–7.

37. Lie Fong S, Visser JA, Welt CK, de Rijke YB, Eijkemans MJ, Broekmans FJ, et al. Serum anti-mullerian

hormone levels in healthy females: a nomogram ranging from infancy to adulthood. The Journal of clini-

cal endocrinology and metabolism. 2012; 97:4650–5. https://doi.org/10.1210/jc.2012-1440 PMID:

22993032

38. Boas M, Hegedus L, Feldt-Rasmussen U, Skakkebaek NE, Hilsted L, Main KM. Association of thyroid

gland volume, serum insulin-like growth factor-I, and anthropometric variables in euthyroid prepubertal

children. The Journal of clinical endocrinology and metabolism. 2009; 94:4031–5. https://doi.org/10.

1210/jc.2009-0939 PMID: 19602556

39. Sorensen K, Aksglaede L, Petersen JH, Juul A. Recent changes in pubertal timing in healthy Danish

boys: associations with body mass index. The Journal of clinical endocrinology and metabolism. 2010;

95:263–70. https://doi.org/10.1210/jc.2009-1478 PMID: 19926714

40. Thyssen JP, Linneberg A, Menne T, Nielsen NH, Johansen JD. The prevalence and morbidity of sensiti-

zation to fragrance mix I in the general population. The British journal of dermatology. 2009; 161:95–

101. https://doi.org/10.1111/j.1365-2133.2009.09157.x PMID: 19438476

41. Johnson L, Petty CS, Neaves WB. Age-related variation in seminiferous tubules in men. A stereologic

evaluation. Journal of andrology. 1986; 7:316–22. PMID: 3771369

42. Edelsztein NY, Grinspon RP, Schteingart HF, Rey RA. Anti-Mullerian hormone as a marker of steroid

and gonadotropin action in the testis of children and adolescents with disorders of the gonadal axis.

International journal of pediatric endocrinology. 2016; 2016:20. https://doi.org/10.1186/s13633-016-

0038-2 PMID: 27799946

43. Lee JE, Yoon SH, Kim HO, Min EG. Correlation between the serum luteinizing hormone to folliclestimu-

lating hormone ratio and the anti-Mullerian hormone levels in normo-ovulatory women. Journal of

Korean medical science. 2015; 30:296–300. https://doi.org/10.3346/jkms.2015.30.3.296 PMID:

25729253

44. Appt SE, Chen H, Clarkson TB, Kaplan JR. Premenopausal antimullerian hormone concentration is

associated with subsequent atherosclerosis. Menopause (New York, NY). 2012; 19:1353–9.

45. Qayyum R, Akbar S. Serum anti-mullerian hormone and all-cause mortality in men. Endocrine. 2016;

54:225–31. https://doi.org/10.1007/s12020-016-1071-x PMID: 27503320

46. Beck TN, Korobeynikov VA, Kudinov AE, Georgopoulos R, Solanki NR, Andrews-Hoke M, et al. Anti-

Mullerian Hormone Signaling Regulates Epithelial Plasticity and Chemoresistance in Lung Cancer. Cell

reports. 2016; 16:657–71. https://doi.org/10.1016/j.celrep.2016.06.043 PMID: 27396341

47. Healy M, Rasbash J, Yang M. Distribution-free estimation of age-related centiles. Annals of human biol-

ogy. 1988; 15:17–22. PMID: 3348588

48. Cole T. Fitting smoothed centile curves to reference data. Journal of the Royal Statistical Society Series

A (Statistics in Society). 1988:385–418.

49. Kelsey TW, Li LQ, Mitchell RT, Whelan A, Anderson RA, Wallace WH. A validated age-related norma-

tive model for male total testosterone shows increasing variance but no decline after age 40 years. PloS

one. 2014; 9:e109346. https://doi.org/10.1371/journal.pone.0109346 PMID: 25295520

AMH and testosterone levels among Iranian men

PLOS ONE | https://doi.org/10.1371/journal.pone.0179634 July 17, 2017 12 / 13

https://doi.org/10.1016/j.fertnstert.2014.10.052
https://doi.org/10.1016/j.fertnstert.2014.10.052
http://www.ncbi.nlm.nih.gov/pubmed/25487749
https://doi.org/10.3109/13697137.2014.912262
https://doi.org/10.3109/13697137.2014.912262
http://www.ncbi.nlm.nih.gov/pubmed/24716733
https://doi.org/10.1016/j.fertnstert.2010.08.022
http://www.ncbi.nlm.nih.gov/pubmed/20869051
https://doi.org/10.1210/jc.2012-1440
http://www.ncbi.nlm.nih.gov/pubmed/22993032
https://doi.org/10.1210/jc.2009-0939
https://doi.org/10.1210/jc.2009-0939
http://www.ncbi.nlm.nih.gov/pubmed/19602556
https://doi.org/10.1210/jc.2009-1478
http://www.ncbi.nlm.nih.gov/pubmed/19926714
https://doi.org/10.1111/j.1365-2133.2009.09157.x
http://www.ncbi.nlm.nih.gov/pubmed/19438476
http://www.ncbi.nlm.nih.gov/pubmed/3771369
https://doi.org/10.1186/s13633-016-0038-2
https://doi.org/10.1186/s13633-016-0038-2
http://www.ncbi.nlm.nih.gov/pubmed/27799946
https://doi.org/10.3346/jkms.2015.30.3.296
http://www.ncbi.nlm.nih.gov/pubmed/25729253
https://doi.org/10.1007/s12020-016-1071-x
http://www.ncbi.nlm.nih.gov/pubmed/27503320
https://doi.org/10.1016/j.celrep.2016.06.043
http://www.ncbi.nlm.nih.gov/pubmed/27396341
http://www.ncbi.nlm.nih.gov/pubmed/3348588
https://doi.org/10.1371/journal.pone.0109346
http://www.ncbi.nlm.nih.gov/pubmed/25295520
https://doi.org/10.1371/journal.pone.0179634


50. Frost M, Wraae K, Nielsen TL, Hougaard DM, Brixen K, Hagen C, et al. Similar reference intervals for

total testosterone in healthy young and elderly men: results from the Odense Androgen Study. Clinical

endocrinology. 2013; 78:743–51. https://doi.org/10.1111/cen.12042 PMID: 23106255

51. Mohr BA, Guay AT, O’Donnell AB, McKinlay JB. Normal, bound and nonbound testosterone levels in

normally ageing men: results from the Massachusetts Male Ageing Study. Clinical endocrinology. 2005;

62:64–73. https://doi.org/10.1111/j.1365-2265.2004.02174.x PMID: 15638872

52. Svartberg J, Midtby M, Bonaa KH, Sundsfjord J, Joakimsen RM, Jorde R. The associations of age, life-

style factors and chronic disease with testosterone in men: the Tromso Study. European journal of

endocrinology / European Federation of Endocrine Societies. 2003; 149:145–52.

53. Rhoden EL, Teloken C, Sogari PR, Souto CA. The relationship of serum testosterone to erectile func-

tion in normal aging men. The Journal of urology. 2002; 167:1745–8. PMID: 11912401

54. Chong YH, Pankhurst MW, McLennan IS. The Testicular Hormones AMH, InhB, INSL3, and Testoster-

one Can Be Independently Deficient in Older Men. The journals of gerontology Series A, Biological sci-

ences and medical sciences. 2016.

55. Mendis-Handagama SM, Di Clementi N, Ariyaratne HB, Mrkonjich L. Detection of anti-Mullerian hor-

mone receptor II protein in the postnatal rat testis from birth to sexual maturity. Histology and histopa-

thology. 2006; 21:125–30. https://doi.org/10.14670/HH-21.125 PMID: 16329036

56. van Helden J, Weiskirchen R. Performance of the two new fully automated anti-Mullerian hormone

immunoassays compared with the clinical standard assay. Human reproduction (Oxford, England).

2015; 30:1918–26.

57. Li H, Wong B, Ip W, Yeung W, Ho P, Ng E. Comparative evaluation of three new commercial immunoas-

says for anti-Müllerian hormone measurement. Human Reproduction. 2016; 31:2796–802. https://doi.

org/10.1093/humrep/dew248 PMID: 27702835

58. Alvarado LC. Total testosterone in young men is more closely associated than free testosterone with

prostate cancer disparities. Therapeutic advances in urology. 2011; 3:99–106. https://doi.org/10.1177/

1756287211405706 PMID: 21904566

AMH and testosterone levels among Iranian men

PLOS ONE | https://doi.org/10.1371/journal.pone.0179634 July 17, 2017 13 / 13

https://doi.org/10.1111/cen.12042
http://www.ncbi.nlm.nih.gov/pubmed/23106255
https://doi.org/10.1111/j.1365-2265.2004.02174.x
http://www.ncbi.nlm.nih.gov/pubmed/15638872
http://www.ncbi.nlm.nih.gov/pubmed/11912401
https://doi.org/10.14670/HH-21.125
http://www.ncbi.nlm.nih.gov/pubmed/16329036
https://doi.org/10.1093/humrep/dew248
https://doi.org/10.1093/humrep/dew248
http://www.ncbi.nlm.nih.gov/pubmed/27702835
https://doi.org/10.1177/1756287211405706
https://doi.org/10.1177/1756287211405706
http://www.ncbi.nlm.nih.gov/pubmed/21904566
https://doi.org/10.1371/journal.pone.0179634

