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Abstract
Background—Laboratory and cross-sectional human studies suggest a potential role for
prolactin in the pathogenesis of hypertension; however, the prospective association between
prolactin and hypertension has not been previously reported.

Methods—We prospectively examined the association between day-time plasma prolactin levels
and the risk of incident hypertension among 874 postmenopausal women who were participants of
the Nurses' Health Study. Cox proportional hazards regression models were used to adjust for
potential confounders.

Results—We identified 183 incident cases of hypertension during 8-years of follow-up. After
adjusting for potential confounders, the relative risk of hypertension for a 1-standard deviation
higher plasma prolactin was 1.31 (95% confidence interval 1.05-1.62). Compared to women with
plasma prolactin levels ≤ 8.0 ng/mL, the multivariable relative risk of incident hypertension for
those with prolactin levels > 8.0 ng/mL was 1.34 (95% CI 0.90-1.99).

Conclusions—A higher day-time plasma prolactin level is independently associated with an
increased risk of incident hypertension among post-menopausal women.

Introduction
Hypertension is the most important cardiovascular risk factor among both men and women,
contributing to one half of the coronary heart disease and approximately two thirds of the
cerebrovascular disease burdens1. As a whole, men have higher blood pressure (BP) than
women through middle age2. However, the prevalence of hypertension in women increases
after the average age of menopause2. By 60 to 69 years of age, the prevalence of
hypertension is higher in women than in men2.

Prolactin, a polypeptide hormone released by the anterior pituitary gland, is best-known for
its involvement with lactation and reproduction. Recent in vitro and animal experiments
indicate that prolactin has other physiological effects, including vasoconstriction3, reduction
of nitric oxide production3, stimulation of leukocyte adhesion via induction of intracellular
adhesion molecule-14, and proliferation of vascular smooth muscle cells5. These effects are
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all potentially related to the pathogenesis of hypertension. Over 30 years ago, it was reported
that prolactin levels were up to four times higher in patients with essential hypertension than
in normotensive controls6. A recent cross-sectional study of 76 postmenopausal women
demonstrated that prolactin levels were positively correlated with BP and aortic stiffness
independent of traditional risk factors7, and a prolactin level >8.0 ng/mL was 100%
sensitive in predicting hypertension7. Therefore, it is possible that prolactin contributes to
the development of hypertension in postmenopausal women. However, there are no
published prospective studies of prolactin and hypertension risk in postmenopausal women.

Therefore, we prospectively investigated the association between plasma prolactin levels
and the risk of incident hypertension among non-hypertensive post-menopausal women
from the Nurses' Health Study (NHS).

Methods
Source Population

The NHS cohort was assembled in 1976, when 121 700 female nurses aged 30 to 55 years
returned a mailed questionnaire. Participants are followed via biennial questionnaires that
gather updated information on health-related behaviors and medical events. From 1989 to
1990, 32 826 consenting women provided blood samples returned with a cold pack by
overnight mail; 97% of samples were received within 24 hours of collection. All blood
samples were stored in liquid nitrogen (-130 °C or less) until laboratory analysis. This study
was approved by the institutional review board at Brigham and Women's Hospital. Receipt
of each questionnaire implied participant's consent.

Study Population
Prolactin was measured in a subset of NHS participants who were selected for a nested case-
control study designed to examine breast cancer. This study has been described in detail
elsewhere8. To minimize potential bias, cases (women who developed breast cancer between
1990 to June 1998) were excluded from the present study (Figure 1). We limited our
analysis to post-menopausal women. We considered a woman to be postmenopausal if (1)
her natural menstrual periods had ceased permanently, (2) she had a bilateral oophorectomy,
or (3) she had a hysterectomy with at least one ovary remaining and was 56 years or older
(nonsmokers) or 54 years or older (smokers). From the remaining participants, we excluded
individuals with prevalent hypertension at the time of blood collection so that our study
would be prospective. Participants were also excluded if they reported use of
antihypertensive medication, or had a history of cancer at baseline (except for non-
melanoma skin cancer).

Assessment of plasma prolactin level
Prolactin was measured by microparticle enzyme immunoassay. In the original case-control
study, about 20% of the samples were assayed in three initial batches at the University of
Massachusetts Medical Center (Boston, MA) using the IMx System (Abbott Laboratory,
Abbott Park, IL). The remaining samples (80%) were assayed in five batches at the
Reproductive Endocrinology Unit Laboratory at the Massachusetts General Hospital
(Boston, MA), using the AxSYM Immunoassay system (Abbott Diagnostics, Chicago, IL).
Although there was some batch-to-batch variation in prolactin values across data sets, the
correlation between the two laboratories was 0.91, and across different batches within the
same data set was 0.95. The intra-assay coefficient of variation ranged from 5.4% to 9.3%.
The detection limit for both laboratories was 0.6 ng/mL; one sample had a value below this
limit and was excluded from analysis.
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Assessment of Other Covariates
BMI (body mass index, calculated as weight in kilograms divided by height in meters
squared), physical activity (metabolic equivalent tasks), systolic BP, diastolic BP, smoking
status, and use of postmenopausal hormones were ascertained by questionnaire at baseline.
Intakes of alcohol, sodium and folate were ascertained from a food frequency questionnaire
in 1990. Except for intake of alcohol, nutrient values were adjusted for total energy intake
by the residual method 9. The reproducibility and validity of the questionnaire has been
documented10. Details about the blood collection time and fasting status at the time of blood
collection were reported on the questionnaire receieved with the blood sample.

Plasma sex steroid hormone levels were measured in a subset of these participants. Hormone
assay methods have been described previously in detail11. In brief, analyses were performed
at Quest Diagnostic's Nichols Institute (San Juan Capistranco, CA), by sensitive and specific
radio-immunoassays following organic solvent extraction and Celite column partition
chromatography. With-in batch laboratory coefficients of variation ranged from 6.8%
(estrone) to 8.7% (testosterone).

Assessment of Hypertension
The baseline and biennial follow-up questionnaires asked participants to report whether a
clinician had made a new diagnosis of hypertension during the preceding 2 years. Self-
reported hypertension was previously validated in NHS12. In a subset of women who
reported hypertension, medical record review confirmed a documented systolic and diastolic
BP, respectively, higher than 140 mmHg and 90 mmHg in 100% and higher than 160 mmHg
and 95 mmHg in 77% of participants12. Additionally, self-reported hypertension was
predictive of subsequent cardiovascular events12. A participant was considered to have
prevalent hypertension if she reported this diagnosis on any questionnaire up to and
including the 1990 questionnaire, and therefore was excluded from the present study.
Incident cases included individuals who first reported hypertension on questionnaires after
1990.

Statistical Analyses
Women with prolactin level ≥ 50.0 ng/mL (n=10) were excluded from analyses, since it is
considered the threshold for “moderate prolactin excess”. Only women whose blood was
drawn between 9am and 5pm were included in the primary analyses (Figure 1), because
previous studies13, 14 and our own data show minimal fluctuation of plasma prolactin levels
for post-menopausal women during these hours.

Person-time was truncated at the date of hypertension diagnosis, at the date of death, at the
date of cancer diagnosis (except for non-melanoma skin cancer), or the end of follow-up,
whichever came first.

Linear regression models were used to evaluate the relation between baseline characteristics
and plasma prolactin level (after logarithmic transformation). The age-adjusted β
coefficients were reported. Furthermore, the baseline variables were compared between
those with plasma prolactin ≤ 8.0 ng/mL and >8.0 ng/mL7 using t test or Wilcoxon rank-
sum test for continuous variables, and Fisher exact test for binary variables.

The association between prolactin and hypertension through 8 years of follow-up was
analyzed using Cox proportional hazards regression models to estimate relative risks (RRs)
and 95% confidence intervals (CIs). In our primary analysis, we evaluated the association
between a 1- standard deviation (SD) increase in prolactin level (after logarithmic
transformation) and the risk of incident hypertension. As a secondary analysis, we also
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examined prolactin as a dichotomous variable (≤ 8.0 ng/mL [as reference] vs. >8.0 ng/mL),
as suggested by the recent cross-sectional paper7. Multivariable models were constructed to
adjust for potential confounding variables that have either previously been associated with
incident hypertension or else associated with prolactin level, including: age (continuous),
BMI (6 categories), physical activity (quintiles), family history of hypertension (yes/no),
current smoking (cigarettes/day), use of postmenopausal hormones (yes/no), fasting status
(< 8 hours vs. ≥ 8 hours since last meal), laboratory batch number, and intakes of alcohol
(continuous), folate (continuous) and sodium (continuous).

We also investigated whether the association between prolactin level and hypertension
varied according to age (<60 yrs or ≥60 yrs, the median age at baseline) and postmenopausal
hormone use. Stratified multivariable analyses were performed, and appropriate interaction
terms were generated to test whether interactions were statistically significant.

We used partial Spearman correlations to investigate the association between plasma
prolactin and other sex hormones.

We examined the prolactin level from women whose blood was drawn during the night
(6pm to 8am) in a separate analysis because night time prolactin levels fluctuate to a great
degree13. Cox proportional hazards regression models were constructed to investigate the
association between prolactin and hypertension using the same strategy as the day time
prolactin analysis.

All P values are 2-tailed. Statistical tests were performed using SAS version 9.1 for UNIX
statistical software package (SAS Institute Inc, Gary, NC).

Results
During the 8 years (6 192 person-years) of follow-up in 874 postmenopausal women, 183
incident cases of physician-diagnosed hypertension were reported. The median prolactin
level was 8.7 ng/mL (inter-quartile range 6.7-11.4 ng/mL). Participant characteristics are
presented in Table 1. Age was significantly inversely associated with plasma prolactin
levels. Compared to women with prolactin levels ≤ 8.0 ng/mL, participants whose prolactin
was > 8.0 ng/mL were younger and had lower BMI.

Plasma prolactin level was positively associated with the risk of incident hypertension in
age-adjusted and multivariable-adjusted analyses (Table 2). After adjusting for age and
BMI, a 1-SD higher prolactin level was associated with a 33% increased risk of developing
hypertension (P=0.004). The multivariable RR of a 1-SD higher prolactin level was 1.31
(95% CI 1.05-1.62, P=0.01). Compared to women with plasma prolactin levels ≤ 8.0 ng/mL,
the multivariable RR of incident hypertension for those whose prolactin levels were > 8.0
ng/mL was 1.34 (95% CI 0.90-1.99, P=0.15).

We did not observe effect modification by age (P value for interaction = 0.37) or by
postmenopausal hormones use (P value for interaction = 0.34).

Among these 874 participants, the number who also had plasma estrone, estradiol,
testosterone and androstenedione measured was 248, 529, 486 and 238, respectively. The
age- and BMI- adjusted Spearman correlation coefficients between plasma estrone,
estradiol, testosterone, androstenedione and prolactin levels were all less than 0.1.

Among the 1 480 postmenopausal women without hypertension at baseline (Figure 1), there
were 606 women whose blood was drawn during the night (from 6pm to 8am). The median
prolactin level was 10.9 ng/mL (inter-quartile range 8.1-15.1 ng/mL). During the 8 years (4
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250 person-years) of follow-up, 135 incident cases of physician-diagnosed hypertension
were reported. The multivariable RR for a 1-SD higher prolactin level was 1.01 (95% CI
0.76-1.34).

Discussion
We present the first prospective study to examine the relation between plasma prolactin
level and the risk of incident hypertension. We found that a higher day-time plasma
prolactin level was independently associated with the risk of incident hypertension among
postmenopausal women.

A possible role for prolactin in the pathogenesis of hypertension has been suggested by
previous experimental studies. First, intravenous infusion of prolactin leads to widespread
vasoconstriction3 and increased arterial pressure in decerebrate rabbits15. The mechanisms
of this vascular response were shown to involve the inhibition of a tonic vasodialtory β2-
adrenergic-receptor-mediated effect related to the intracellular nitric oxide pathway3.
Enhanced pressor response to angiotensin-II was also observed in hyperprolactinemic
humans, perhaps secondary to prolactin-induced up-regulation of adrenal and vascular
angiotensin-II receptors16. Second, vascular wall inflammation plays a key role in the
pathogenesis of hypertension17. Prolactin, which is also secreted by lymphocytes, has
stimulatory effects on the immune system18. Prolactin induces the expression of intracellular
adhesion molecule-1 and is associated with the local accumulation of monocytes and
macrophages4. It has been demonstrated that treatment of human peripheral blood
mononuclear cells with prolactin stimulates their adhesion to endothelial cells via
chemokine receptors and tyrosine phosporylation signaling pathways19. Finally, experiments
indicate that prolactin may induce proliferation of vascular smooth muscle cells through the
protein kinase C pathway5, which in turn may be involved in the pathogenesis of
hypertension and atherosclerosis.

It has long been proposed that prolactin might play an important role in the pathogenesis of
preeclampsia20, and urinary prolactin level was closely associated with the severity of
preeclampsia21. Over 30 years ago, it was reported that prolactin level was up to four times
higher in patients with essential hypertension than in normotensive controls6. In a recent
cross-sectional study of 76 postmenopausal women, plasma prolactin level was found to be
correlated with systolic and diastolic BP (correlation coefficients of 0.33 and 0.27,
respectively); these associations were independent of age and BMI7. Prolactin level > 8.0
ng/mL had a sensitivity of 100% and a specificity of 71% in predicting hypertension
(systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90mmHg)7. However, the cross-sectional
design of that study limits inferences about causality. Furthermore, use of antihypertensive
medication was not considered in that study. It is known that several antihypertensive
medications (such as verapamil, methyldopa and reserpine) may cause elevation of plasma
prolactin level18, introducing the possibility of reverse causation. Results from the present
study provide the first prospective evidence for the association between plasma prolactin
and the risk of incident hypertension in a linear pattern. Our secondary analysis indicated
that after controlling for potential confounders, plasma prolactin level > 8.0 ng/mL was not a
statistically significant predicator of incident hypertension. The possible explanation may be
that dichotomization results in loss of information and consequently reduced statistical
power, or using 8.0 ng/mL as cut-off may not be appropriate.

Changes in sex hormone levels with onset of menopause, such as decreased estradiol and
increased testosterone, have been implicated in the increased incidence of hypertension in
postmenopausal women22. In our study, the highest correlation was between estradiol and
prolactin and the correlation was weak (correlation coefficient=0.09). The lack of substantial
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association between prolactin and other sex hormones is consistent with observations from
previous studies23, and suggests that other sex hormones were unlikely to be strong
confounders of our observed association between prolactin and risk of hypertension.

Prolactin is secreted in a pulsatile fashion during the night13. The resulting fluctuation of
prolactin levels at night may explain why we did not detect an association between prolactin
and risk of hypertension among the 606 women with night time blood collections. In
postmenopausal women, prolactin levels are relatively stable between 9am to 5pm13, and for
this reason, previous studies of prolactin have analyzed daytime levels; therefore, we also
chose this time period for our principal analysis.

Our study has limitations that deserve mention. First, our study population was derived from
a pre-existing case-control study of breast cancer. Although we only included controls to
avoid bias, the generalizability of the results from the present study might be limited. As our
study was entirely female and mostly white, the results may not be generalizable to non-
whites or men. Second, blood pressure was not directly measured and hypertension was self-
reported. However, all of the participants were registered nurses, and hypertension reporting
by these nurses is highly accurate12. Third, we only had a single measurement of plasma
prolactin. Although prolactin level may vary over 8 years, this type of misclassification
would tend to bias our study toward not finding an association; therefore, it is possible that
we underestimated the true association. Fourth, we lacked information on renal function.
Elevated prolactin level has been observed among patients with advanced renal
dysfunction24. Yet, since all women in our study were free from hypertension at baseline, it
is unlikely that many women had impaired renal function. Indeed, other studies have
indicated a very low prevalence of renal dysfunction in this cohort 25-27. Finally, since our
study was observational, the possibility of residual confounding by some unmeasured
covariate exists.

In conclusion, our prospective analysis suggests that higher day-time plasma prolactin level
is independently associated with an increased risk of incident hypertension among post-
menopausal women. The effects of a higher prolactin level may constitute a novel
mechanism of hypertension in postmenopausal women, and may become a new target for
treatment. However, whether prolactin > 8.0 ng/mL is a proper cut-off for predicting future
risk of incident hypertension needs to be further investigated. Our findings should be tested
in other cohorts to further evaluate this hypothesis.
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Figure 1.
Study population for analysis of plasma prolactin levels and risk of incident hypertension.
* Nested case-control study of breast cancer, which is described elsewhere8.
† Participants were also excluded if they reported use of antihypertensive medication, or had
a history of cancer at baseline (except for non-melanoma skin cancer).
‡ Women with prolactin levels <0.6 ng/mL (n=1) or ≥ 50.0 ng/mL (n=10) were excluded
from analyses.
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