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ABSTRACT

Background Prolactin is increasingly recognized to play a stimulatory role in the 

inflammatory response. Since inflammation is considered of crucial importance in the 

development of atherosclerosis, we aimed to evaluate whether prolactin levels are 

associated with the occurrence of coronary artery disease (CAD).

Methods and Results We performed a nested case-control study in the prospective EPIC-

Norfolk cohort. Cases were apparently healthy men and women, aged 45-79 years, who 

developed fatal or non-fatal CAD (n=882). Controls remained free of CAD (n=1490). 

Overall, systemic prolactin levels did not differ between cases and controls, and people in 

the highest prolactin tertile did not have a significantly increased risk of developing future 

CAD (in men, OR: 1.21; 95% CI 0.92 to 1.61 and in women OR: 1.12; 95% CI 0.76 to 1.64). 

However, in a separate immunohistochemical study, the presence of prolactin receptors 

could be demonstrated in post mortem human coronary artery plaques (preliminary 

data).

Conclusions Elevated systemic prolactin levels do not predict CAD in the general 

population. However, prolactin receptors were found in human coronary artery plaques. 

This observation may indicate a role of prolactin within atherosclerotic plaques. More 

studies are needed to define the possible role of prolactin in atherosclerotic plaque 

development. 

INTRODUCTION

Prolactin has long been known as a pituitary hormone that is important for mammary gland 

development and differentiation of mammary tissue during pregnancy and crucial for lactation and 

maternal behaviour immediately after labour [1]. However, nowadays, it is clear that prolactin has 

several biological actions, which differ among species. In humans, the possible additional physiological 

roles of prolactin are under investigation for the greater part, however, recent evidence suggests a 

modulating role of prolactin in metabolism and the immune response [2]. In addition, prolactin plays 

an important role in pathophysiological conditions; tumor growth in both breast cancer, and possibly 

prostate cancer are promoted by prolactin [3].

Prolactin is synthesized and secreted by the lactotropic cells of the pituitary gland in a diurnal rhythm 

with the highest levels in the early morning. However, there are extrapituitary sites of prolactin release 

as well, such as lymphocytes, adipose tissue and the decidua [2]. Pituitary secretion of prolactin is 

under inhibitory control of dopaminergic circuits in the hypothalamus, but other brain regions also 

have neuronal connections with these specific regions and therefore other stimuli, such as stress and 

some drugs (e.g. selective serotonin reuptake inhibitors), can affect circulating prolactin levels [4]. At 

the extrapituitary sites, prolactin is independently regulated by local factors [2]. 

Studies involving a small number of subjects suggest that in the acute phase of acute coronary 

syndromes, ischemic strokes and transient ischemic attacks, plasma prolactin levels are elevated [5,6]. 

Although this rise of systemic prolactin may be a representative of the general neuroendocrine stress 

response, a role of prolactin as causal factor in these thrombotic diseases is possible. In addition, two 

studies involving a low number of patients suggest that hyperprolactinemia is associated with decreased 

insulin sensitivity, higher C-reactive protein, and impaired endothelial function [7,8]. 

Furthermore, prolactin may play a role in accelerated arteriosclerosis in early menopause by increasing 

central as well as peripheral blood pressure and arterial stiffness [9]. In addition, in vitro studies show 

that prolactin stimulates integrin-mediated adhesion of circulating mononuclear cells to endothelium 

and induce vascular smooth muscle cell proliferation [10,11].

All together, these results suggest that prolactin may contribute to a higher cardiovascular risk profile 

and, simultaneously, may have an effect on the various components within the atherosclerotic lesion. 

Not only a significant excess or deficiency of individual hormones can predispose to cardiovascular 

disease; slightly increased or decreased hormone levels (within their physiological range) may increase 

cardiovascular risk as well. In men, for example, endogenous testosterone levels are inversely related 

to cardiovascular mortality [12]. Patients with subclinical hypothyroidism, and younger than 65 years, 

have an odds ratio of 1.37 (95% CI 1.04 to 1.79) for cardiovascular mortality [13]. In addition, in patients 

with subclinical hypercortisolism, more atherosclerotic plaques were found in their carotid arteries, 

as measured by ultrasound sonography, compared to controls (53.6% vs 10%, respectively, p<0.0001) 

[14]. In the general population, IGF-1 levels in the lower normal range and IGFBP-3 levels in the higher 

normal range were associated with an increased risk of cardiovascular disease (RR 4.07; 95% CI 1.48 

to 11.22) [15].  These observations show that subtle hormone balances are increasingly recognized to 
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play a role at multiple levels in the pathogenesis of atherosclerotic vascular disease. 

Against this background, we aimed to evaluate whether systemic prolactin levels, within their 

physiological range, are associated with the risk of future coronary artery disease (CAD). Second, we 

hypothesized that prolactin receptors are present within the atherosclerotic plaque.

We tested the first hypothesis among an existing cohort of apparently healthy men and women living 

in Norfolk, United Kingdom. In addition, we tested whether prolactin receptors could be detected in 

human coronary atherosclerotic plaques in the small number of samples that was available for this study. 

METHODS

Study design
The European Prospective Investigation into Cancer in Norfolk (EPIC-Norfolk) is a prospective population 

study of 25,663 male and female inhabitants of Norfolk, the United Kingdom. The design and methods 

of the study have been described previously [16]. Briefly, during the baseline survey, patients answered 

a questionnaire in which they were asked about their medical history. Participants were identified 

as having CAD during follow-up if they had a hospital admission and/or died with CAD listed as an 

underlying cause. For the current analysis participants were followed-up for an average of 7 years. The 

study was approved by the Norwich District Health Authority Ethics Committee and all participants 

gave signed informed consent.

Study participants
For the present nested case-control study, we identified study participants who did not report a history 

of heart attack or stroke at the baseline clinic visit. We analyzed 1138 cases that developed CAD during 

follow-up. To each case, we matched controls by sex, age (within 5 years), and enrolment time (within 

3 months). A total of 1099 cases could be matched to two controls whereas the remaining 39 cases 

were matched to one control only. Thus, the nested case-control set contained 3375 participants, of 

whom 1138 were case and 2237 were control. Hyperprolactinemia, indicating autonomous excessive 

production of prolactin, can be caused by a prolactin secreting pituitary adenoma or by use of 

antipsychotic drugs [17]. The physiological range of prolactin levels is between 4.0-25.0 μg/l in women 

and 0.5-19.0 μg/l in men and therefore we decided to exclude people with prolactin levels above 30 

μg/l [18]. The underlying reason for the hyperprolactinemic state in these people was unknown, and, 

in addition, hyperprolactinemia is not always symptomatic. Subsequently, we excluded individuals 

for whom data on smoking habit, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein 

(HDL) cholesterol, triglycerides, diastolic blood pressure and systolic blood pressure were missing. 

Biochemical analysis
Nonfasting blood samples were taken by venipuncture at the baseline clinic visit. Circulating levels of 

total cholesterol, HDL-cholesterol and triglycerides were measured on fresh samples with the RA 1000 

(Bayer Diagnostics, Basingstoke, UK), and LDL-cholesterol levels were calculated with the Friedewald 

formula [19]. The remaining material was stored at minus 80°C. Samples were later thawed and 

processed for analysis. Plasma levels of C-reactive protein (CRP) were measured with a sandwich-

type enzyme-linked immunosorbent assay as previously described [20]. Serum levels of prolactin 

were measured on samples that had been frozen for 7 years. Measurement was performed with The 

Architect Immunoanalyzer (Architect I, Abbott, Chicago, Illinois, USA) using a commercially available 

prolactin assay. Serum was diluted with buffer provided by Abbott (1:5 v/v). Samples were analyzed 

in random order and researchers and laboratory personnel had no access to identifiable information.

Statistical analysis
Because prolactin levels differ between sexes, all analyses were performed for men and women 

separately. Cases were matched with controls for sex, age and enrolment time in all analyses. Baseline 

characteristics were compared between cases and controls using a mixed-effects model for continuous 

variables. Circulating levels of prolactin, triglycerides and CRP had a skewed distribution, and therefore 

these variables were log-transformed before statistical analysis. Differences in dichotomous variables 

between groups were analyzed by conditional logistic regression. Associations between prolactin levels 

and other cardiovascular risk factors were assessed among controls by two methods. First, Pearson 

correlation and Spearman correlation coefficients were calculated, the latter was used if one of the 

variables had a skewed distribution. Second, prolactin levels were categorized into tertiles based on the 

distribution of the control group, and the p for trend between these tertiles and risk factor levels were 

calculated with use of linear regression analyses. In order to assess the relationship between prolactin 

levels and the risk of future CAD, conditional logistic regression was used to calculate odds ratios (ORs) 

and corresponding 95% confidence intervals (95% CI’s) for prolactin as a continuous variable and per 

tertile of prolactin level. The lowest prolactin tertile was used as reference category. We performed 

unadjusted analyses and analyses adjusted for body-mass index, diabetes, systolic blood pressure, 

LDL-cholesterol, HDL-cholesterol, smoking and CRP levels and use of antidepressants. In women, we 

also adjusted for use of hormone replacement therapy (HRT). Next, multivariate linear regression was 

performed using clinical parameters as independent variables and prolactin as dependent variable. We 

used SPSS software (version 15.0, Chicago, Illinois, USA). A probability value of <0.05 was considered 

to confer statistical significance. 

Immunohistochemistry of human coronary artery specimens 
In a separate study to evaluate whether prolactin receptors are expressed in human atherosclerotic 

plaques, coronary arteries were collected randomly from five men and three women in the RUN 

Medical Center, the Netherlands (post mortem material obtained during autopsy, within 24 hours after 

death). Fragments with a size of 4 cm2 from coronary artery tissue were fixated in 4% formalin and 

then dehydrated. Transverse sections of paraffin-embedded atherosclerotic coronary arteries and a 

non-atherosclerotic coronary artery (with a thickness of 4 μm each) were mounted on superfrost slides 

and used for further analysis. Prolactin receptor antibody, clone 1A2B1, was obtained from Zymed, 
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Invitrogen Corporation (Carlsbad, CA, USA). Recently it was found that this is the only monoclonal 

antibody useful for detection of the prolactin receptor by immunohistochemical analysis of human 

tissues [21]. Staining was performed on all prepared slides using a streptadivin biotin peroxidase 

method. Subsequently, visualization was obtained by use of diaminobenzidine as a chromogen. Staining 

was assessed semiquantitatively. 

RESULTS

Prolactin in study participants
A total of 56 participants with prolactin levels higher than 30 μg/l were excluded (range > 30 ≤ 1338 

μg/l). Prolactin levels were available for 882 cases (572 men and 310 women) and for 1490 matched 

controls (942 men and 548 women).  

Baseline characteristics are shown in Tables 1 (men) and 2 (women). Matching ensured that age and 

sex distribution was comparable between cases and controls. As expected, cases were more likely to 

smoke and to have diabetes. Levels of total cholesterol, LDL-cholesterol, triglycerides, systolic and 

diastolic blood pressure, body mass index (BMI) and CRP were higher in cases than controls, whereas 

HDL-levels were lower. Prolactin levels did not differ between cases and controls; for men 10.2 μg/l 

versus 9.9 μg/l, respectively (p=0.38); for women 9.4 μg/l versus 9.6 μg/l, respectively (p=0.96). 

Correlations between prolactin and cardiovascular risk factors are shown in Tables 3 (men) and 4 

(women). No strong correlations were found between plasma prolactin levels and plasma lipid traits. 

Among both men and women, with higher prolactin levels, the percentage smokers declined (p for 

trend=0.01 for men, and p for trend=0.001 for women). In women, the use of hormone replacement 

therapy and the use of antidepressants was higher in the highest prolactin tertile compared to the 

lowest tertile (p for trend=0.007 and p for trend=0.03 respectively); unexpectedly, the association with 

antidepressant was not observed among men.  

The unadjusted ORs for future CAD on prolactin levels were 1.11 (95% CI 0.84 to 1.46, p=0.46) for 

men, and 1.00 (95% CI 0.69 to 1.45, p=1.00) for women. Tables 5 (men) and 6 (women) show the 

unadjusted and adjusted ORs for future CAD by prolactin tertiles. Table 5 demonstrates that prolactin 

levels were not associated with the risk of future CAD in men (OR: 1.16; 95% CI 0.89 to 1.49, p=0.27). 

For women, the equivalent OR was 1.06 (95% CI 0.75 to 1.49, p=0.76) (Table 6). These results were not 

substantially affected by adjustment for body-mass index, diabetes, smoking, systolic blood pressure, 

LDL-cholesterol, HDL-cholesterol, CRP, use of antidepressants and hormone replacement therapy (the 

latter for women only). 

Table 1. Baseline characteristics of men. 

Controls
(n= 942)

Cases
(n= 572)

P

Age, years 64.5±8 64.6±8 Matched

Total cholesterol, mmol/l 6.04±1.05 6.25±1.11 <0.001

LDL-cholesterol, mmol/l 3.96±0.96 4.15±0.98 <0.001

HDL-cholesterol, mmol/ 1.25±0.35 1.17±0.32 <0.001

Triglycerides, mmol/l 1.7 (1.2 to 2.3) 1.9 (1.3 to 2.7) <0.001

C-reactive protein, mg/l 1.4 (0.7 to 3.1) 2.2 (1.0 to 4.5) <0.001

Prolactin, μg/l 9.9 (7.6 to 12.9) 10.2 (7.7 to 13.2) 0.38

Current smoking 80 (8.5%) 90 (15.7%) <0.001

Systolic blood pressure, mmHg 139±17.7 145±18.5 <0.001

Diastolic blood pressure, mmHg 84±11.1 87±11.8 <0.001

Body-mass index, kg/m2 26.3±3.15 27.3±3.53 <0.001

Diabetes 21 (2.2%) 43 (7.5%) <0.001

Use of antidepressants 27 (2.9%) 30 (5.2%) 0.02

Values are presented as mean ± SD, median (interquartile range) or number (%). 
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Table 3. Distribution of cardiovascular risk factors in men according to prolactin tertiles.

Tertile 1 2 3 P* R P †

Prolactin range,  μg/l 0 to 8.35 8.35 to 11.67 11.67 to 30

Case/control 174/315 196/314 202/313 0.24

Total cholesterol, mmol/l 6.17±1.09 6.14±1.04 6.05±1.11 0.06 -0.05 0.07

LDL-cholesterol, mmol/l 4.09±0.98 4.06±0.93 3.96±1.00 0.03 -0.06 0.03

HDL-cholesterol, mmol/l 1.24±0.35 1.22±0.33 1.20±0.34 0.09 -0.06 0.04

Triglycerides, mmol/l 1.70 (1.2 to 2.4) 1.70 (1.2 to 2.4) 1.80 (1.3 to 2.5) 0.01 0.06 0.02

C-reactive protein, mg/l 1.90 (0.8 to 4.1) 1.60 (0.8 to 3.4) 1.60 (0.7 to 3.4) 0.09 -0.04 0.15

Current smoking 70 (14.3%) 52 (10.2%) 48 (9.3%) 0.01

Systolic blood pressure, mmHg 141±18.9 142±17.6 141±18.1 0.94 0.003 0.94

Diastolic blood pressure, mmHg 85.1±11.6 85.4±11.0 85.6±11.7 0.47 0.03 0.25

Body-mass index, kg/m2 26.5±3.26 26.7±3.60 26.7±3.13 0.63 0.03 0.33

Diabetes 24 (4.9%) 18 (3.5%) 22 (4.3%) 0.63

Use of antidepressants 21 (4.3%) 17 (3.3%) 19 (3.7%) 0.62

Values are presented as mean ± SD, median (interquartile range) or number (%). 
Prolactin tertiles were based on the distribution among the controls. 
P*, Unweighted p for trend between prolactin tertiles and risk factor levels.
R, Pearson correlation coefficient between log-transformed prolactin and parametric risk factor levels, or Spearman 
correlation coefficient between prolactin and non-parametric risk factor levels.
P†, Corresponding p for Pearson or Spearman correlation.

Table 2. Baseline characteristics of women. 

Controls
(n= 548)

Cases
(n= 310)

P

Age, years 66.3±7 66.3±7
Matched

Total cholesterol, mmol/l 6.6±1.13 6.8 ±1.21
0.02

LDL-cholesterol, mmol/l
4.28±1.06 4.47±1.04 0.02

HDL-cholesterol, mmol/
1.58±0.40 1.45±0.40 <0.001

Triglycerides, mmol/l
1.4 (1.1 to 2.1) 1.8 (1.3 to 2.4) <0.001

C-reactive protein, mg/l
1.5 (0.7 to 3.4) 2.6 (1.1 to 5.7) <0.001

Prolactin, μg/l
9.4 (7.3 to 12.4) 9.2 (7.3 to 12.4) 0.96

Current smoking
45 (8.2%) 48 (15.9%) <0.001

Systolic blood pressure, mmHg
138±18.3 142±18.9 <0.001

Diastolic blood pressure, mmHg
82±10.8 84±11.4 0.003

Body-mass index, kg/m2
26.1±40 27.3±4.5 <0.001

Diabetes
6 (1.1%) 15 (4.8%) 0.002

Use of antidepressants
27 (4.9%) 32 (10.3%) 0.003

Use of hormone replacement
therapy

73 (13.3%) 37 (11.9%) 0.55

Values are presented as mean ± SD, median (interquartile range) or number (%).  
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Table 5. Odds ratios (95% CI) for future CAD per prolactin tertile for apparently healthy men.  

Prolactin tertiles

1 2 3 P*

Prolactin range, μg/l 0 to 8.35 8.35 to 11.67 11.67 to 30 

Cases/controls 174/315 196/314 202/313 0.24

Model 1 1.00 1.09 (0.84 to 1.40) 1.16 (0.89 to 1.49) 0.27

Model 2 1.00 1.09 (0.82-1.44) 1.21 (0.92 to 1.61) 0.18

Prolactin tertiles were based on the distribution among the controls. Subjects in the lowest prolactin tertile were used as 
the reference group. Because of their skewed distribution, C-reactive protein levels were log-transformed before analysis.
P*, p for trend.
Model 1: Unadjusted model. 
Model 2: Model adjusted for body-mass index, diabetes, systolic blood pressure, LDL-cholesterol, HDL-cholesterol, 
C-reactive protein, use of antidepressants and smoking.

Table 6. Odds ratios (95% CI) for future CAD per prolactin tertile for apparently healthy women.   

Prolactin tertiles

1 2 3 P*

Prolactin range, μg/l 0 to 7.87 7.87 to 11.15 11.15 to 30

Cases/controls 107/183 92/183 111/182 0.80

Model 1 1.00 0.88 (0.63 to 1.24) 1.06 (0.75 to 1.49) 0.76

Model 2 1.00 0.88 (0.60 to 1.29) 1.09 (0.74 to 1.59) 0.70

Model 3 1.00 0.89 (0.61-1.31) 1.12 (0.76 to 1.64) 0.60

Prolactin tertiles were based on the distribution among the controls. Subjects in the lowest tertile for prolactin were used as 
the reference group. Because of their skewed distribution, C-reactive protein levels were log-transformed before analysis.
P*, p for trend.
Model 1: Unadjusted model. 
Model 2: Model adjusted for body-mass index, diabetes, systolic blood pressure, LDL-cholesterol, HDL-cholesterol, 
C-reactive protein, use of antidepressants and smoking.
Model 3: Model 2 + adjustment for use of hormone replacement therapy.

Table 4. Distribution of cardiovascular risk factors in women according to prolactin tertiles.

Tertile 1 2 3 P* R P†

Prolactin range, μg/l 0 to 7.87 7.87 to 11.15 11.15 to 30

Case/control 107/183 92/183 111/182 0.80

Total cholesterol, mmol/l 6.69±1.15 6.77±1.16 6.55±1.18 0.16 -0.06 0.10

LDL-cholesterol, mmol/l 4.38±1.09 4.42±1.08 4.24±1.07 0.12 -0.06 0.07

HDL-cholesterol, mmol/l 1.49±0.40 1.57±0.42 1.54±0.40 0.12 0.05 0.15

Triglycerides, mmol/l 1.6 (1.2 to 2.3) 1.6 (1.1 to 2.2) 1.6 (1.1 to 2.1) 0.13 -0.03 0.36

C-reactive protein, mg/l 1.8 (0.8 to 4.3) 1.6 (0.7 to 4.3) 1.9 (0.8 to 4.2) 0.54 0.01 0.76

Current smoking 45 (15.5%) 28 (10.2%) 20 (6.8%) 0.001

Systolic blood pressure, mmHg 140±17.9 139±19.0 140±19.1 0.71 -0.04 0.30

Diastolic blood pressure, mmHg 83.1±10.8 82.5±11.1 82.8±11.3 0.76 -0.02 0.55

Body-mass index, kg/m2 26.8±4.34 26.5±4.06 26.3±4.23 0.14 -0.05 0.18

Diabetes 8 (2.8%) 7 (2.5%) 6 (2.0%) 0.58

Use of HRT 27 (9.3%) 34 (12.4%) 49 (16.7%) 0.007

Use of antidepressants 17 (5.9%) 11 (4.0%) 31 (10.6%) 0.02

Values are presented as mean ± SD, median (interquartile range) or number (%). Prolactin tertiles were based on the 
distribution among the controls. 
P*, Unweighted p for trend between prolactin tertiles and risk factor levels; 
R, Pearson correlation between log-transformed prolactin and parametric risk factor levels, or Spearman correlation 
between prolactin and non-parametric risk factor levels.
P†, Corresponding p for Pearson or Spearman correlation.
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Histology and Immunohistochemistry
Figure A and B show histology of the coronary artery specimens with advanced atherosclerosis and 

a markedly thickened intima. In zones with intraplaque haemorrhage and fissures, an increased 

density of prolactin receptors was visualized (Figure A and B). Sections shown are representative of 

7 atherosclerotic patients analyzed. In a coronary artery not displaying an advanced atherosclerotic 

lesion, hardly any staining for the prolactin receptor was detected (Supplementary Figure). 

Figure. Prolactin receptor staining of the human coronary artery atherosclerotic plaque (before counterstaining with 
hematoxylin) with a 40x magnification (A) and a 100x magnification (B). Prolactin receptor staining is indicated with a 
white arrow. A=Adventitia, I=Intima, M=Media, L=Lumen, H=Hemorrhagic plaque, CD=Cholesterol deposits.

DISCUSSION

Prolactin in circulation is not predictive of CAD
By using a prospective case-control design, we observed that systemic prolactin levels did not differ 

between apparently healthy men and women who developed CAD during follow-up and those who 

remained free of cardiovascular disease; people with higher prolactin levels do not have a significantly 

increased risk of developing CAD. Thus, our data suggest that systemic prolactin is not a good biomarker 

to predict the risk of future CAD among apparently healthy men and women. 

Role of prolactin in atherosclerotic plaque formation
Immunohistochemical analysis of coronary sections showed that the prolactin receptor was highly 

expressed in advanced atherosclerotic arterial walls, whereas no expression was found in the absence of 

an advanced atherosclerotic lesion. Due to the descriptive character of these observations, performed 

on a small subset of samples, we must remain careful not to over-interpret these findings. However, the 

high level of prolactin receptors within atherosclerotic plaques suggests that prolactin might be able to 

modulate the atherosclerotic process. The role of prolactin receptor-triggered signalling in promoting 

atherosclerosis would be in line with previous in vitro studies which showed that prolactin is able to 

modulate the inflammatory response, to stimulate adhesion of mononuclear cells to endothelium and 

to enhance vascular smooth muscle cell proliferation [11,22-24]. 

How could prolactin play a role in atherosclerotic disease without a predictive effect of elevated 

circulating prolactin levels on future CAD? First, we hypothesize that by either switching on, or by 

increasing the expression of prolactin receptors during the atherosclerosis process, the responsiveness 

of the coronary artery to prolactin is increased, without any need for change in circulating levels of 

prolactin. In this explanation we postulate that the inflammatory environment within the advanced 

atherosclerotic plaques could stimulate expression of prolactin receptors. 

Alternatively, we hypothesize that prolactin could also modulate the atherosclerotic process through its 

auto/paracrine action; a similar concept has recently been proposed to explain the effects of prolactin 

on prostate cancer growth. The largest epidemiological study addressing this issue failed to find any 

positive relationship between circulating prolactin levels and the risk of prostate cancer [25]. Otherwise, 

prolactin was locally expressed in the epithelium of 54% of 80 human prostate cancer specimens, 

with a positive correlation with high Gleason scores and Stat5 activation [26]. The Gleason score is an 

established method to describe the grade of prostate cancer, and activation of Stat5 is a key step in 

the intracellular pathway of prolactin receptor signalling, suggesting auto/paracrine action of prolactin 

on locally expressed prolactin receptors in prostate cancer. The functionality of this auto/paracrine 

loop was further assessed in vitro by showing that the growth of prostate cells in culture was altered 

by adding a prolactin receptor antagonist [27]. To investigate the possible concept of auto/paracrine 

action of prolactin for atherosclerosis, we currently analyze whether prolactin is locally secreted by 

components within atherosclerotic lesions. This is an ongoing project in our research group. 

Despite evidence from other studies indicating that prolactin is involved in inflammatory pathways, we 

A
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did not find any association between systemic prolactin and plasma CRP. This finding actually supports 

our hypothesis that auto/paracrine prolactin may be involved in atherosclerotic processes, without 

translation towards a systemic inflammatory response, of which CRP is an important representative. 

Inter-individual variation in circulating prolactin levels
As outlined in the Method section of this paper, the physiological range of prolactin levels is between 

4.0 to 25.0 μg/l in women and 0.5 to 19.0 μg/l in men, and therefore we excluded people with 

prolactin levels above 30 μg/l [18]. Although prolactin levels are known to be enhanced by use of 

antidepressants, we cannot explain the variation in prolactin levels by antidepressant use in our study, 

since this association was not found in men (Table 3). The significant difference in use of antidepressants 

between cases and controls at baseline may be due to the underlying depressive disorder in cases, as 

depression has a consistent association with cardiovascular disease [28].  

We found that adjustment for hormone replacement therapy (HRT) did not significantly affect the 

association between increasing prolactin tertiles and risk of future CAD among women (Table 6, model 

3). On the other hand, we found that HRT use increases with increasing prolactin tertiles (Table 4), 

and multivariate regression analysis indicates that HRT is a significant but weak inverse predictor of 

prolactin levels in controls (Supplementary table 2). Furthermore, multivariate regression analysis 

also suggested that LDL-cholesterol is a predictor of prolactin levels in female and male controls 

(Supplementary tables 1 and 2). 

Limitations of study
The present study has several limitations that merit discussion. Lipid parameters were measured in 

non-fasting samples. Together with diurnal variation, variation over time, and differences in the time 

since the last meal, this could have affected our results. Second, only a single, non-fasting, blood sample 

was used to characterize individuals with respect to prolactin concentration. This may have resulted in 

random measurement error because of intra-individual variation in prolactin with diurnal and episodic 

variation. Nevertheless, a single measure was reported earlier to be adequate for population studies 

[12]. Furthermore, CAD events were identified by means of death certification and hospital admission 

reports, and this may have resulted in misclassification. Previous validation in this cohort, however, 

indicated high specificity of such case ascertainment [29]. 

CONCLUSION 

In conclusion, our results suggest that prolactin levels in circulation do not predict CAD in an apparently 

healthy middle-aged population. However, in a preliminary study, prolactin receptors were detected 

in human coronary atherosclerotic plaques. The presence of prolactin receptors within human 

atherosclerotic plaques suggests a role of prolactin, for instance via auto/paracrine action. However, 

further studies are needed to address this issue. 
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Supplementary Figure. Prolactin receptor staining of a coronary artery not displaying an advanced
atherosclerotic lesion, 100x magnification. No prolactin receptor staining detected.
A= Adventitia, M= Media, L= Lumen.
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Supplementary table 2. Association between prolactin and baseline characteristics 
among female controls.

Variable Univariate Analysis
Multivariate Analysis

Backward
Multivariate Analysis

Forward

β P-value β P-value β P-value

Total cholesterol, mmol/L -0.085 0.027 3.835 0.042 - -

LDL-cholesterol, mmol/L -0.096 0.012 -3.683 0.038 -0.088 0.021

HDL-cholesterol, mmol/L 0.059 0.124 -1.401 0.048 - -

Triglycerides, mmol/L -0.057 0.139 -1.239 0.038 - -

C-reactive protein, mg/L 0.024 0.525 - - - -

Current smoking -0.037 0.335 - - - -

Systolic blood pressure, mmHg -0.055 0.148 - - - -

Diastolic blood pressure, mmHg -0.042 0.276 - - - -

Body-mass index, kg/m2 -0.029 0.441 - - - -

Diabetes 0.058 0.128 - - - -

Use of HRT -0.137 <0.001 -0.132 0.001 -0.129 0.001

Use of antidepressants 0.074 0.054 - - - -

β =betacoefficient
Univariate and multivariate linear regression analyses (backward and forward modulation) with prolactin as dependent 
variable and several independent clinical variables introduced.  

Supplementary table 1. Association between prolactin and baseline characteristics 
among male controls. 

Variable Univariate Analysis
Multivariate Analysis

Backward
Multivariate Analysis

Forward

β P-value β P-value β P-value

Total cholesterol, mmol/L -0.073 0.025 - - - -

LDL-cholesterol, mmol/L -0.082 0.012 -0.079 0.016 -0.080 0.014

HDL-cholesterol, mmol/L -0.033 0.318 - - - -

Triglycerides, mmol/L 0.034 0.302 - - - -

C-reactive protein, mg/L 0.002 0.953 - - - -

Current smoking -0.068 0.037 - - - -

Systolic blood pressure, mmHg -0.054 0.100 -0.152 0.009 - -

Diastolic blood pressure, mmHg -0.008 0.812 0.125 0.009 - -

Body-mass index, kg/m2 0.013 0.688 - - - -

Diabetes 0.039 0.228 - - - -

Use of antidepressants -0.008 0.801 - - - -

β =betacoefficient
Univariate and multivariate linear regression analyses (backward and forward modulation) with prolactin as dependent 
variable and several independent clinical variables introduced.  
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