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in-person interview that elicited information on diet, men-
strual and reproductive history, and lifestyle factors. One 
year after cohort initiation we began collecting blood sam-
ples. Quantified were plasma concentrations of prolactin, 
estrone, estradiol, testosterone, androstenedione, and sex 
hormone-binding globulin (SHBG). Analysis of covari-
ance method was used for statistical analyses with age at 
blood draw, time since last meal, and time at blood draw as 
covariates.
Results Mean prolactin levels were 25.1% lower with 
older age at menarche (p value = 0.001), and 27.6% higher 
with greater years between menarche and menopause (p 
value = 0.009). Prolactin levels were also positively associ-
ated with increased sleep duration (p value = 0.005). The 
independent determinants of prolactin were years from 
menarche to menopause, hours of sleep, and the plasma 
hormones estrone and SHBG (all p values < 0.01).
Conclusion The role of prolactin in breast cancer develop-
ment may involve reproductive and lifestyle factors, such as 
a longer duration of menstrual cycling and sleep patterns.

Keywords Breast cancer · Chinese · Hormones · 
Menstrual factors · Prolactin · Sleep

Introduction

Prolactin is a hormone of pituitary origin that is expressed 
in a number of extrapituitary sites, including the breast. 
Prolactin contributes to the growth of normal breast tis-
sue through activation of signaling pathways that promote 
cell growth and survival [1]. Higher expression of the 
prolactin receptor (PRLr) in tumor versus normal breast 
tissue suggests that prolactin may also play a role in mam-
mary tumorigenesis [2]. It has been demonstrated that 
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site-specific, persistent prolactin overexpression induces 
mammary tumor development in mice, and potential 
mechanisms are being investigated in cells [3–6]. Evi-
dence from prospective epidemiological studies impli-
cates prolactin as a risk factor for postmenopausal breast 
cancer [7, 8]. For example, higher prolactin levels meas-
ured in serum samples collected within 10 years prior 
to cancer diagnosis were associated with a statistically 
significant 37% increase in postmenopausal breast can-
cer risk [8]. These mechanistic and observational data 
together provide substantial evidence for a prolactin-
breast cancer link, but the underlying mechanisms have 
not been delineated. Using epidemiologic studies to 
investigate the determinants of higher circulating prol-
actin levels may provide key information for generating 
hypotheses to be tested in mechanistic studies of prolactin 
and breast cancer development.

Relationships between factors associated with breast 
cancer risk and circulating prolactin levels have been 
observed. Prolactin levels have been consistently shown 
to be inversely associated with parity, number of births, 
and menopausal status [9–12]. Less consistent results 
have been shown for relationships between circulating 
prolactin and body size, where positive associations have 
been reported for body mass index (BMI) in some [13, 
14], but not in other studies [15]. It is plausible that diet 
may influence prolactin levels, but too little informa-
tion has been published to make a conclusion about the 
results [16–18]. In one study, prolactin was found to be 
lower during the follicular phase of the menstrual cycle 
in women eating a diet high in polyunsaturated fatty acids 
[16], while other studies show no influence of dietary pat-
tern on prolactin levels [17, 18]. Nearly all of these previ-
ous studies have been conducted among U.S. or western 
European populations, with similarly high incidence of 
breast cancer. Asian populations have historically had 
among the lowest incidence of breast cancer worldwide, 
until recently [19, 20]. Given the different reproduc-
tive histories, environmental, and genetic backgrounds 
in Asians compared with western populations, it is of 
interest to evaluate whether the determinants of prolactin 
levels also differ.

In this study we investigated determinants of plasma 
prolactin in a well-characterized cohort of 442 postmeno-
pausal women enrolled in the Singapore Chinese Health 
Study, a population-based prospective cohort study. This 
cohort consists of > 60,000 residents of Singapore, and 
includes middle-aged and older Chinese men and women 
[21]. Specifically, we evaluated the relationship between 
plasma prolactin levels and factors with established or 
suggestive associations with breast cancer risk, includ-
ing menstrual and reproductive characteristics, hormone 
levels, as well as diet and lifestyle factors.

Materials and methods

Study population

The design of the Singapore Chinese Health Study has been 
previously described [21]. Eligible subjects were permanent 
residents or citizens of Singapore aged 45–74 years and 
belonging to one of the two major Chinese dialect groups 
(Cantonese and Hokkien). At baseline between 1993 and 
1998, all cohort members completed an in-person interview 
that included a validated 165-item food frequency question-
naire [22]. The questionnaire also elicited information on 
demographics, menstrual and reproductive history, hormone 
use, sleep, and medical history.

Between April 1994 and April 2005, biospecimens, 
including a blood sample, were obtained from 32,543 sub-
jects, representing a 60% consent rate. Due to this study 
design, there was great variation in time between baseline 
interview and sample collection. We attempted to account 
for this by looking at our important findings after stratifying 
by years between sample collection and baseline interview 
(Supplemental Table S1). Most blood samples were col-
lected in the morning with no requirement that the subjects 
fast. However, we asked and recorded the time of each sub-
ject’s last meal. We also attempted to account for this by 
looking at our important findings after stratifying by fasting 
status (Supplemental Table S2). All blood components were 
separated immediately and stored at − 80 °C until analyzed. 
Written, informed consent was obtained from study partici-
pants. The present investigation on determinants of blood 
hormone levels included the first 450 women enrolled who 
were at least 50 years of age, without a history of cancer, 
who had experienced a natural or a surgical menopause, and 
never used hormone replacement therapy. We excluded eight 
subjects who drank both green and black tea regularly (daily/
weekly) because we hypothesized that the two types of tea 
might have opposing effects on blood hormone levels and 
our analysis was conducted on the remaining 442 women 
[23]. The Singapore Chinese Health Study was approved by 
the Institutional Review Boards at the National University 
of Singapore and the University of Pittsburgh.

Hormone measurements

Plasma aliquots from subjects under study were shipped in 
sealed containers on dry ice to the University of Southern 
California. Plasma prolactin concentrations (ng/mL) were 
quantified by a chemiluminescent immunometric assay 
using the Immulite analyzer (Siemens Healthcare Corpora-
tion, Deerfield, IL) at the Reproductive Endocrine Research 
Laboratory (University of Southern California). The interas-
say coefficients of variation (CV) for prolactin were 6.9, 5.8, 
and 3.9% at 6.7, 15.8, and 32.4 ng/mL, respectively [24]. We 
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did not identify any outliers or values ± 2 standard devia-
tions of the mean.

Plasma levels of estrone, estradiol, and androstenedione 
were measured using a validated radioimmunoassay [25, 
26]. Prior to quantification, the hormones were first extracted 
with hexane:ethyl acetate (3:2) and then separated from 
interfering metabolites by the use of Celite column partition 
chromatography. The interassay CV at three (low, medium, 
and high) concentrations of estrone, estradiol, and andros-
tenedione were between 7 and 16% [27]. Free estradiol was 
calculated on the basis of measured total estradiol concentra-
tion; sex hormone-binding globulin (SHBG) concentrations; 
and an assumed constant for albumin [28]. This method has 
been found to have high validity (r = 0.97) compared with 
direct measurements [29]. Other analytes were measured in 
plasma by highly specific direct immunoassays. SHBG was 
also measured by chemiluminescent immunometric assay on 
the Immulite analyzer. The SHBG intra-assay and interassay 
CVs were 7 and 10%, respectively. Hormone levels below 
the limit of detection were identified for estrone (n = 2), 
estradiol (n = 11), and free estradiol (n = 7), and indicated 
as missing values.

Statistical analysis

The distributions of the plasma hormone levels were 
skewed, which were largely corrected by transformation to 
logarithmic values that showed a more normalized distribu-
tion. Study subjects were also grouped into tertile catego-
ries based on the distributions of plasma hormones among 
all subjects. To examine differences in the distributions of 
reproductive factors across tertile of plasma prolactin either 
the Chi-square test (categorical variables) or the analysis 
of variance (ANOVA) (continuous variables) was used. We 
used the analysis of covariance method (ANCOVA) to com-
pare mean plasma levels of estrone, estradiol, testosterone, 
SHBG, and androstenedione indices by tertiles of prolactin 
with adjustments for age at blood draw, time since last meal, 
and time at blood draw were included as covariates in all 
analyses. The same model was also used to compare mean 
plasma levels of prolactin by reproductive factors (i.e., age 
at menarche, menopause type, age at menopause, number of 
births, age at first birth, years between menarche and meno-
pause, years between menarche and age at first birth, and 
years between first birth and blood draw), dietary factors 
(i.e., soy food, soy isoflavones, green tea, and black tea), and 
other factors (e.g., hours of sleep per day, height, weight, and 
body mass index). The percent difference of mean prolactin 
levels for the highest versus lowest category of hormone ter-
tiles and the other exposures was calculated as  (eb − 1) × 100. 
Difference of mean prolactin levels among exposure cat-
egories was assessed by F statistics obtained from linear 
regression models. Linear trends between prolactin levels 

and exposure categories were tested by fitting linear regres-
sion models with ordinal exposure variables. The multivari-
able linear regression analysis was used to determine the set 
of factors independently related to plasma prolactin. Calcu-
lations were performed using the SAS statistical software 
version 9.3 (SAS Institute, Cary, NC). All p values < 0.05 
were considered statistically significant.

Results

In this study of 442 postmenopausal women all of whom 
were never hormone users, the average age at blood draw 
was 64.5 years (SD 4.8) and ranged from 54 to 81 years 
(Table 1). The average time from baseline interview to 
blood collection was 6.6 years (SD 1.7) and ranged from 
4.4 months to 11.5 years. Cigarette smoking and alcohol 
use were rare. Nearly all women had at least one birth and 
achieved menopause naturally.

Mean age at blood draw increased with increasing ter-
tiles of plasma prolactin (Table 1). The mean hours since 
last meal did not vary by prolactin tertile levels (Table 1). 
Although nonfasting blood samples were collected, 26% of 
the women provided blood at least 8 h since their last meal. 
Prolactin geometric mean levels, while not significantly dif-
ferent, varied slightly by time of day of blood draw, ranging 
from 7.08 ng/mL for blood draws between 8:00 and 9:45 
am to 6.70 ng/mL between 1:00 and 2:45 pm (p value = 0.9) 
(Supplemental Table S3). Women in the highest tertile of 
plasma prolactin were more educated, had younger age at 
menarche and later age at first birth, compared with women 
in the first tertile (Table 1). Overall, adjusted geometric 
mean prolactin was 7.00 ng/mL.

Adjusted mean prolactin levels were evaluated by repro-
ductive characteristics (Table 2). Statistically significant 
trends with prolactin were observed for age at menarche and 
years between menarche and age at first birth, where lower 
prolactin levels were observed with older age at menarche 
and with fewer years between menarche and age at first birth. 
There were also statistically significant differences in mean 
prolactin between the lowest and highest categories of years 
from menarche to menopause, with lower prolactin levels in 
women with fewer years from menarche to menopause. We 
also ran the analysis adjusting additionally for plasma-free 
estradiol, testosterone, SHGB, and androstenedione, which 
yielded a similar result (Supplemental Table S4).

In Table 3, mean prolactin levels are shown by level of 
selected diet and lifestyle factors. There was a significant 
positive relationship between prolactin and hours of sleep 
per day (p value = 0.005), with a 25.3% difference between 
mean prolactin in women who slept five or fewer hours per 
night and those who slept nine or more hours. No associa-
tions were observed with soy intake or tea (green or black) 
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drinking in relation to mean prolactin levels. Similarly, 
no relationship was observed with dietary soy isoflavones 
(total isoflavones, genistein, daisein, or glycitein) (data not 
shown). BMI was not related to prolactin levels (Table 3), 
nor was weight or height (data not shown).

The relationship between plasma prolactin and other 
measured hormones is shown in Table 4. Prolactin levels 
decreased with increasing estrone (p value = 0.016). There 
was a statistically significant 14.8% decrease in adjusted 
mean prolactin comparing levels among women in the third 

Table 1  Distributions of selected characteristics and sex hormone concentrations among postmenopausal women overall as well as stratified by 
tertiles of plasma prolactin, the Singapore Chinese Health Study

a Geometric means are adjusted for age at blood draw, time from last meal to specimen collection, and time of specimen collection
† p value < 0.05

Overall Plasma prolactin

First tertile Second tertile Third tertile

n 442 148 150 144
Mean (SD) age at blood draw, year 64.5 (4.8) 63.9 (4.8) 64.5 (5.0) 65.0 (4.8)
Mean hours from last meal to blood draw 5.4 (5.2) 5.4 (5.1) 4.7 (4.7) 6.0 (5.8)
Education level, n (%)
 No formal 158 (35.8) 57 (38.5) 56 (37.3) 45 (31.3)
 Primary 192 (43.4) 61 (41.2) 64 (42.7) 67 (46.5)
 ≥ Secondary 92 (20.8) 30 (20.3) 30 (20.0) 32 (22.2)

Mean (SD) BMI, kg/m2 23.6 (3.3) 23.7 (3.3) 23.7 (3.4) 23.3 (3.3)
Ever smoker, n (%) 26 (5.9) 7 (4.7) 11 (7.3) 8 (5.6)
Ever alcohol use, n (%) 21 (4.8) 8 (5.4) 7 (4.7) 6 (4.2)
Natural menopausal type, n (%) 403 (91.2) 136 (91.9) 135 (90.0) 132 (91.7)
Age at menopause, n (%), year
 < 45 40 (9.1) 12 (8.1) 16 (10.7) 12 (8.3)
 46–49 108 (24.4) 36 (24.3) 34 (22.7) 38 (26.4)
 ≥ 50 294 (66.5) 100 (67.7) 100 (66.7) 94 (65.3)

Age at menarche, n (%), year
 < 13 51 (11.5) 16 (10.8) 12 (8.0) 23 (16.0)
 13–14 184 (41.6) 64 (43.2) 61 (40.7) 59 (41.0)
 15–16 160 (36.2) 58 (39.2) 57 (38.0) 45 (31.3)
 ≥ 17 47 (10.6) 10 (6.8) 20 (13.3) 17 (11.8)

Number of births
 0 25 (5.7) 9 (6.1) 8 (5.3) 8 (5.6)
 1–2 119 (26.9) 39 (26.4) 42 (28.0) 38 (26.4)
 3–4 182 (41.2) 60 (40.5) 67 (44.7) 55 (38.2)
 ≥ 5 116 (26.2) 40 (27.0) 33 (22.0) 43 (29.9)

Age at first birth, n (% parous), year
 ≤ 20 85 (19.2) 24 (16.2) 39 (26.0) 22 (15.3)
 21–25 155 (35.1) 61 (41.2) 44 (29.3) 50 (34.7)
 26–30 128 (29.0) 42 (28.4) 42 (28.0) 44 (30.6)
 ≥ 31 74 (16.7) 21 (14.2) 25 (16.7) 28 (19.4)

Plasma hormones, geometric mean (95% CI)a

 Prolactin, ng/mL (n = 442) 7.00 (6.66, 7.38) 4.18 (3.96–4.42) 6.64 (6.3–7.00) 12.60 (11.94–13.3)†

 Estrone, pg/mL (n = 440) 25.7 (24.8, 26.7) 27.1 (25.4–28.9) 26.0 (24.4–27.8) 24.1 (22.6–25.8)†

 Estradiol, pg/mL (n = 391) 8.04 (7.70, 8.38) 8.34 (7.78–8.94) 8.20 (7.64–8.82) 7.54 (7.00–8.12)
 Free estradiol, pg/mL (n = 395) 0.24 (0.22, 0.24) 0.24 (0.22–0.26) 0.24 (0.22–0.26) 0.22 (0.20–0.24)
 Testosterone, pg/mL (n = 442) 19.3 (18.4, 20.2) 19.1 (17.5–20.8) 19.7 (18.0–21.4) 19.1 (17.5–20.8)
 SHBG, nmol/L (n = 442) 40.0 (38.3, 41.6) 40.2 (37.4–43.2) 37.6 (35.0–40.4) 42.2 (39.2–45.4)
 Androstenedione, pg/mL (n = 442) 426.9 (407.6, 447.2) 424.0 (391.3–459.5) 432.6 (399.4–468.5) 424.2 (391.0–460.2)
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versus first tertile of estrone. Similar trends were observed 
for estradiol and free estradiol, but the differences in mean 
prolactin between the highest and lowest tertiles were 
smaller than with estrone, and did not reach statistical sig-
nificance. There was a positive relationship between pro-
lactin and SHBG, with statistically significant increase in 

mean prolactin levels with increasing tertiles of SHBG (p 
value = 0.023). There was no relationship between prolactin 
and the androgens testosterone and androstenedione.

A linear regression modeling approach was used to evalu-
ate the independent effects of reproductive, lifestyle, and 
plasma hormones on plasma prolactin levels. The initial 
model included all of the variables that had statistically 
significant individual relationships with plasma prolactin 
based on results shown in Tables 2, 3, and 4. This initial 
model (Model A) included terms for age at menarche, years 
from menarche to first birth, years from menarche to meno-
pause, hours of sleep, plasma estrone, and plasma SHBG, as 
well as covariates for age at blood draw and time since last 
meal (Table 5). Age at menarche and years from menarche 
to first birth were not statistically significant predictors of 
prolactin in the initial model (Model A), and thus removed 
from further consideration. The remaining variables years 

Table 2  Geometric means of plasma prolactin by different categories 
of menstrual and reproductive characteristics among postmenopausal 
women, the Singapore Chinese Health Study

a Geometric means are adjusted for age at biospecimen collection, 
time since last meal, and time of specimen collection
Difference of mean prolactin levels among exposure categories was 
assessed by F statistics obtained from linear regression models
† % Difference between last versus first listed categories (e.g., other 
versus natural menopause, ≥ 50 versus < 45 age at menopause)

n Geomet-
ric  meana

p value % Difference (p value)†

Menopausal type
 Natural 403 7.00
 Other 39 7.04 0.96 0.4 (0.96)

Age at menopause, year
 < 45 40 7.52
 45–49 108 6.98
 ≥ 50 294 6.96 0.5 − 7.4 (0.4)

Age at menarche, year
 < 13 51 8.96
 13–14 184 6.90
 > 14 207 6.70 0.007 − 25.1 (0.001)

Parity
 Nulliparous 25 6.78
 Parous 417 7.02 0.8 3.5 (0.8)

Number of births
 1–2 119 7.18
 3–4 182 6.98
 ≥ 5 116 6.92 0.6 − 3.4 (0.6)

Age at first birth
 ≤ 20 85 6.84
 21–25 155 6.72
 26–30 128 7.32
 ≥ 31 49 7.58 0.2 11.0 (0.3)

Years between menarche and first birth, among parous women, 
quartiles

 < 9.5 168 6.76
 9.5–< 10.5 55 6.62
 10.5–< 15.5 130 7.04
 ≥ 15.5 64 8.14 0.049 20.7 (0.02)

Years from menarche to menopause, quartiles
 < 34.5 132 7.22
 34.5–< 38.5 151 6.46
 38.5–< 40.5 112 6.76
 ≥ 40.5 47 9.20 0.1 27.6 (0.009)

Table 3  Geometric means of plasma prolactin by different levels of 
lifestyle factors and dietary intake of soy and tea among postmeno-
pausal women, the Singapore Chinese Health Study

a Geometric means are adjusted for age at blood draw, time since last 
meal, and time of specimen collection
† % Difference between last versus first listed categories (e.g., fourth 
vs. first quartile of soy intake, daily versus nondrinker/monthly green 
tea intake)
Difference of mean prolactin levels among exposure categories was 
assessed by F statistics obtained from linear regression models

n Geometric 
 meana

p value % Difference 
(p value)†

Soy food, quartiles, g/kcal/day
 < 38.4 111 7.32
 38.4–< 70.2 110 6.72
 70.2–< 98.9 111 7.42
 ≥ 98.9 110 6.62 0.4 − 9.4 (0.2)

Green tea
 Nondrinker/monthly 295 7.08
 Daily 147 6.88 0.6 − 2.8 (0.6)

Black tea
 Nondrinker/monthly 295 7.08
 Daily 147 6.88 0.6 − 2.6 (0.6)

Sleep, hours/day
 ≤ 5 49 7.08
 6 120 6.42
 7 146 6.56
 8 101 8.02
 ≥ 9 26 8.88 0.005 25.3 (0.09)

Body mass index, kg/m2

 < 20 65 7.00
 20–< 24 218 7.02
 24–< 28 114 7.02
 ≥ 28 45 6.90 0.9 − 1.6 (0.9)
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from menarche to menopause (beta = 0.28 for ≥ 40.5 vs. 
< 34.5 years), hours of sleep (beta = 0.21 for ≥ 9 vs. ≤ 5 h), 
plasma estrone (beta = − 0.08 per ln pg/mL), and plasma 
SHBG (beta = 0.08 per lm nmol/mL) were retained in the 
final model (Model B) as independent, statistically signifi-
cant predictors of prolactin (all p values < 0.01), and together 
explained 10.9% of the variation in plasma prolactin levels.

Discussion

Plasma prolactin levels among postmenopausal Chinese 
women in Singapore were associated with reproductive 
and lifestyle factors, as well as blood hormone levels. We 
reported statistically significant inverse associations for pro-
lactin with older age at menarche and plasma estrone levels. 
In contrast, statistically significant positive associations for 

prolactin were observed with more years between menarche 
and first birth or menopause, and more hours of sleep per 
day. In summary, the statistically significant independent 
predictors of plasma prolactin were years between menarche 
and menopause, hours of sleep, and plasma estrone and 
SHBG. Together these factors explained 10.9% of the vari-
ation in plasma prolactin.

A novel finding from our study was a positive relationship 
between plasma prolactin and longer duration of sleep. A 
relationship between systemic prolactin and sleep has been 
documented in sleep-monitoring studies investigating sleep 
deprivation. In the context of short-term total sleep depriva-
tion (24 or 36 h) [30–32], or partial sleep deprivation [33], 
prolactin levels decrease, while one study found no change 
in prolactin levels following sleep deprivation [34], although 
a follow-up study found a decrease in prolactin levels at 7 am 
after measuring at 2 h intervals [35]. Although long sleep 
duration was not directly tested in these sleep-monitoring 
studies, these findings align with those of the present study 
which show that longer sleep duration is associated with 
higher plasma prolactin.

Circadian disruptions are not limited to sleep depriva-
tion but are also due to night shift work, sleep deficiency, 
and exposure to light at night. These circadian disruptions 
have been shown to increase breast cancer risk [36–39]; 
however the potential effect of sleep duration on breast 
cancer risk is not clear. In a prospective cohort of Califor-
nia teachers, sleeping more than 9 h a night was associ-
ated with an increased risk of estrogen-mediated cancers, 
including breast cancer (HR = 1.22; 95% CI 0.97–1.54, p for 
trend = 0.04) [38]. A large U.S. population-based case–con-
trol study found a significant 6% increase in relative breast 
cancer risk for every additional hour of sleep [39]. Although 
other prospective studies utilizing the Nurses Health Study, 
the Women’s Health Initiative, the Finnish Twin Cohort, 
the Breast Cancer Detection Demonstration Project, and the 
Breast Cancer Environment and Employment Study (Aus-
tralia) reported no overall association between longer sleep 
duration and breast cancer risk [40–44], these studies found 
interesting findings or significant trends in subgroup analy-
sis. In subsets of the Nurses Health Study, and the Women’s 
Health Initiative, a positive trend between increased sleep 
and breast cancer risk was found in women who consistently 
sleep more than 7 h (p trend = 0.05) [40], were diagnosed 
with ER-positive breast cancer (p trend = 0.0238), and have 
a normal BMI (p trend = 0.0764) [41]. The Breast Cancer 
Detection Demonstration Project found lower risk for ER-
positive breast cancer in women who sleep for a short dura-
tion (p trend = 0.001 − ER+,  p trend = 0.003 − ER/PR+) 
[43]. In contrast, in a subset of women from the Finnish 
Twin cohort who reported consistent sleep duration over 
time, an inverse association was reported between long 
sleep duration and breast cancer risk [44]. The full story 

Table 4  Geometric means of plasma prolactin by tertile level of 
plasma sex hormones and sex hormone-binding globulin among post-
menopausal women, the Singapore Chinese Health Study

a Geometric means are adjusted for age at blood draw and time since 
last meal
† % Difference between third versus first tertile of sex hormones
Difference of mean prolactin levels among exposure categories was 
assessed by F statistics obtained from linear regression models

n Geomet-
ric  meana

p value % Difference (p value)†

Estrone, tertiles, pg/mL
 < 21.66 146 7.54
 21.66–< 30.6 149 7.06
 ≥ 30.6 145 6.42 0.016 − 14.8 (0.016)

Estradiol, tertiles, pg/mL
 < 6.50 131 7.02
 6.50–< 9.31 132 7.38
 ≥ 9.31 129 6.34 0.149 − 9.7 (0.146)

Free estradiol, tertiles, pg/mL
 < 0.18 131 7.22
 0.18–< 0.28 134 7.14
 ≥ 0.28 130 6.42 0.096 − 11.1 (0.094)

Testosterone, tertiles, pg/mL
 < 15.85 146 6.60
 15.85–< 24.38 151 7.52
 ≥ 24.38 145 6.94 0.4 5.3 (0.432)

SHBG, tertiles, nmol/mL
 < 33.70 146 6.60
 33.70–< 48.70 151 6.84
 ≥ 48.70 145 7.64 0.023 16.0 (0.023)

Androstenedione, tertiles, pg/mL
 < 358.3 146 6.86
 358.3–< 332.5 151 7.10
 ≥ 332.5 145 7.08 0.6 3.2 (0.631)
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is complex but these data together indicate that long sleep 
duration may have an impact on hormone responsive breast 
cancer.

Sleep duration and breast cancer risk has been interro-
gated in the Singapore Chinese Health Study, which was 
utilized for the current analysis. Initially, Wu et al. found 
a significantly lower breast cancer risk in postmenopausal 
women sleeping longer than 9 h (RR = 0.67, p trend = 0.047), 
however a more recent evaluation found no association 
between sleep duration and breast cancer risk [45, 46]. One 
limitation of this study was that questions on sleep were only 
administered at baseline and did not include information on 
sleep quality or consistency of sleep duration throughout 
follow-up [45, 46]. If longer sleep duration is related to 
breast cancer development, then prolactin may be a relevant 
contributing factor. Prolactin secretion is controlled by the 
circadian rhythm, which increase during nighttime sleeping 
and peaks in the early morning [47], and lower prolactin 
levels were reported among those who were sleep deprived 
[33, 48]. Thus, it is plausible that consistently sleeping for 
long periods (e.g., > 9 h) may lead to a longer cumulative 

exposure to higher circulating prolactin. Our finding should 
be interpreted cautiously, as it was based on one question 
about the average number of hours of sleep per day, and 
thus not able to capture potentially important distinctions 
between sleep duration and exposure to light at night and/or 
sleep quality, in addition to sleep duration as determinants 
of prolactin.

The greater the number of years between menarche 
and menopause, the longer a women is exposed to higher 
circulating levels of reproductive hormones [49, 50]. The 
positive association between the cumulative number of men-
strual cycles and breast cancer risk has been observed in 
Whites [51, 52], and Asian Americans [53]. We observed 
that women in the highest quartile, with 40.5 or more years 
between menarche and menopause had statistically sig-
nificant higher prolactin levels, compared with women in 
the lowest quartile with fewer than 34.5 years. Although 
age at menarche was related to prolactin levels in our data, 
the relationship weakened and lost statistical significance 
after including years between menarche and menopause 
in the linear regression model. The lack of an independent 

Table 5  Beta coefficients 
derived from multivariate linear 
regression models for selected 
significant determinants from 
univariate analysis among 
postmenopausal women 
(n = 440), the Singapore 
Chinese Health Study

R2 for base model with covariates only (i.e., age at blood draw and time since last meal) is 0.007. R2 is 
0.125 for Model A and 0.109 for Model B
Two women were excluded from this analysis as Estrone measurements were not available for them
a Model A includes terms for age at menarche, years from menarche to first birth, years from menarche to 
menopause, hours of sleep, plasma estrone, and SHGB as well as covariates for age at blood draw and time 
since last meal
b Model B includes terms for years from menarche to menopause, hours of sleep, plasma estrone, and 
plasma SHGB

Model  Aa Model  Bb

Beta estimate p value for 
difference

Beta estimate p value for 
difference

Age at menarche, year (vs. <13) 0.45 –
 13–14 − 0.14
 > 14 − 0.08

Years from menarche to first birth (vs. nulliparous) 0.38 –
 < 9.5 − 0.06
 9.5–< 10.5 − 0.11
 10.5–< 15.5 − 0.02
 ≥ 15.5 0.08

Years from menarche to menopause (vs. < 34.5) 0.005 0.0002
 34.5–< 38.5 − 0.15 − 0.11
 38.5–< 40.5 0.01 − 0.03
 ≥ 40.5 0.21 0.28

Sleep, h/day (vs. ≤ 5) 0.002 0.002
 6 − 0.13 − 0.11
 7 − 0.11 − 0.10
 8 0.10 0.11
 ≥ 9 0.20 0.21

Estrone, ln pg/mL − 0.08 0.009 − 0.08 0.009
SHBG, ln nmol/mL 0.09 0.005 0.08 0.009



58 Cancer Causes Control (2018) 29:51–62

1 3

relationship between age at menarche and prolactin is con-
sistent with previous studies in postmenopausal women [9, 
13, 54]. Higher circulating estrogens are considered the pri-
mary factors responsible for the positive association between 
a longer reproductive window and breast cancer risk [51]. In 
consideration of our finding, it is plausible to also consider 
prolactin as part of the underlying mechanism. Replication 
of our finding in studies with available information on the 
potential relationship between prolactin and years between 
menarche and menopause is needed.

Prolactin levels are particularly influenced by the tim-
ing of pregnancy and lactation events, as is expected given 
the major involvement of prolactin in milk let down and 
lactation [55]. It was unexpected that we did not observe a 
relationship between parity and prolactin, given that lower 
prolactin levels have been consistently reported among post-
menopausal women who had at least one birth, compared 
with no births [9–11]. There exists the possibility that with 
only 25 nulliparous women, or 5.7% of our study population, 
the study lacked the statistical power to observe statistically 
significant differences in mean prolactin levels by parity. 
Two other studies using a cross-sectional design included 
131 nulliparous women (12% of their study population) in 
Nurses Health Study and 136 (13% of their study popula-
tion) nulliparous women in the European Prospective into 
Cancer [9, 11]. One case–control study in an Australian 
cohort used a similar number of nulliparous women but spe-
cifically collected biospecimens during the 21 or 22 day of 
the menstrual cycle which may have been critical to observe 
a difference in their population [10]. For the other preg-
nancy characteristics, such as number of births and age at 
first birth, results from larger studies among postmenopausal 
women also report no relationship with prolactin [9, 11, 13]. 
Our findings are consistent with these previous studies for 
no association with number of births, age at first birth, or 
years since first birth (data not shown). Lactation informa-
tion was not available in our dataset, but duration of breast-
feeding does not appear to influence prolactin levels [11]. In 
Singapore, breastfeeding is prevalent with 99% of women 
enrolled in the National Breastfeeding Survey (n = 1,962) 
attempting nursing in the hospital and 42% still breastfeed-
ing to some degree 6 months postpartum [56]. A longer time 
period between menarche and menopause was not associated 
with prolactin in the only study in which this has been evalu-
ated [54]. Although we reported a positive relationship with 
prolactin for more years between menarche and first birth, 
the association was not independent of other reproductive 
characteristics including age at menarche and years between 
menarche and menopause.

In our data, prolactin was inversely associated with 
estrone, positively associated with SHBG, and positively 
associated with the breast cancer risk factors: younger age 
at menarche, longer time between menarche and first birth, 

and longer time between menarche and menopause. In post-
menopausal women in the Nurses’ Health Study, doubling 
levels of prolactin and estrone sulfate, the major circulating 
form of estrogen in postmenopausal women [57], as well as 
testosterone remained in the final stepwise regression model 
for breast cancer risk [58]. In the same analysis, including 
prolactin with estrone, SHBG and testosterone improved 
the fit of the risk prediction model for invasive breast can-
cer (p value = 0.01), compared with a model based on the 
Gail score alone (i.e., without hormone measurements). Our 
findings for statistically significant, independent associations 
between prolactin and both estrone and SHBG are consist-
ent with the recently reported associations between these 
hormones and breast cancer risk [58]. Several studies have 
identified SHBG to be inversely associated with breast can-
cer risk [59–63], and it is well known that estrogens increase 
breast cancer risk [64]. Interestingly, these two hormones 
interplay at the cellular level. Estrogens elicit cell growth in 
breast cancer cells and SHBG dampens the effect of estro-
gen in breast cancer cells. SHBG binds estrogen directly 
and inhibits its ability to bind the estrogen receptor and can 
instead bind its own receptor on the cell surface to elicit 
inhibitory functions [65]. It is therefore very interesting that 
SHBG is associated with prolactin levels. The molecular 
interplay between SHBG and prolactin has not been inves-
tigated but could represent a novel mechanism of prolactin’s 
ability to influence estrogen action.

No associations were observed between prolactin and 
soy or tea intake. Our finding for soy supports previously 
reported findings among Japanese premenopausal women 
[18]. Our rationale for evaluating possible prolactin–tea 
associations was based on our prior findings for lower estro-
gen and green tea in the Singapore cohort [23]. There are 
no published reports evaluating whether tea intake is related 
to prolactin.

Higher levels of prolactin have been observed with higher 
BMI among postmenopausal women in a Polish case–con-
trol study and the American Women’s Health Initiative Die-
tary Modification study [13, 14]. Body size characteristics 
including BMI, height, or weight, were not determinants of 
prolactin levels in our study population, or among another 
similarly thin Asian (Japanese) study population [15]. It is 
possible that the distribution of BMI in Asian population 
is shifted too far toward lower values to observe a relation-
ship between high BMI and prolactin. In the current study 
as well as in the Japanese population, the majority of par-
ticipants had a BMI < 24 or 25 (283 or 64% of the current 
study population, 384 or 88% of the Japanese population) 
[15], while in the American and Polish populations a third 
or less of the population had a BMI under 25 (66 or 25% in 
the WHI and 165 or 30% in the Polish cohort) [13, 14]. To 
further investigate this, we stratified our main findings by 
BMI (Supplemental Table S5).
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A notable strength of our study is that it is the first evalua-
tion of determinants of prolactin in a postmenopausal Asian 
population with historically low breast cancer risk. Limi-
tations include the few number of nulliparous women and 
no lactation information. The study size was also relatively 
small, limiting the statistical power for some comparisons 
(e.g., too few women to evaluate combined effects of age at 
first birth with number of births). Biospecimens were not 
obtained at the time of the baseline interview. This could be 
a limitation since lifestyle factors can change drastically over 
that time. Given the circadian rhythm of prolactin secre-
tion, a limitation was that prolactin was measured in blood 
specimens that were collected within a 7-h window (i.e., 
from 8 am to 2:45 pm). Ideally, specimens would have been 
collected at the same early morning time among all partici-
pants. Instead, we attempted to take into account the varia-
tion by time of collection by calculating adjusted geometric 
means (Supplementary Table S3).

In summary, we report that more years from menarche to 
menopause, more hours of sleep, lower estrone, and higher 
SHBG are independently associated with higher prolactin 
levels in a population-based sample of postmenopausal 
Chinese women in Singapore. Prolactin is associated with 
higher breast cancer risk in postmenopausal women. The 
role of prolactin in breast cancer development may involve 
predictors such as more years of menstrual cycling and 
longer duration of sleep. The observed relationship between 
duration of sleep and prolactin, while novel, was based on 
responses to a single question about average hours of sleep 
per day, and thus should be interpreted cautiously.
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