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High prolactin levels are independently associated with damage

accrual in systemic lupus erythematosus patients
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Objective: to determine whether prolactin levels are independently associated with disease
damage in systemic lupus erythematosus (SLE) patients. Methods: these cross-sectional ana-
lyses were conducted in SLE patient members of the Almenara Lupus Cohort who were seen
between January 2012 and June 2013. Disease damage was ascertained with the System Lupus
International Collaborating Clinics/American College of Rheumatology (SLICC/ACR)
damage index (SDI). Prolactin was measured in ng/ml. The association between prolactin
levels and the SDI (total and its domains) was evaluated using Spearman’s correlation.
Subsequently, adjusted Poisson regression models were performed to evaluate these associ-
ations. Results: 160 patients were included. 147 (91.9%) were female; their median age at
diagnosis was 33.4 (interquartile range (IQR): 26.0–44.3) years; their disease duration was
5.5 (IQR: 2.6–9.7) years. The median prolactin value was 16.8 (IQR: 11.8–24.5) ng/ml. After
adjusting for confounders in the Poisson regression model the estimated rate ratios (RR) and
95% confidence interval (CI) for each 10 ng/ml increment of prolactin were 1.13 (95% CI
1.60–1.20, p< 0.001) for the total SDI score, 1.15 (1.03–1.28, p¼ 0.003) for the renal domain
and 1.41 (1.11–1.79, p¼ 0.003) for the cardiac/peripheral vascular domains. Conclusions: there
was a positive association between prolactin levels and the SDI (overall and its renal and
cardiac/peripheral vascular domains), independently of other well-known risk factors. Lupus
(2014) 23, 969–974.
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Introduction

Prolactin, a 23 kDa hormone composed of 199
amino acids, is produced by the anterior pituitary
gland and is a major stimulating factor for lactation
during the postpartum period. However, this hor-
mone also is produced by many extrapituitary
organs and cells including those from the immune
system.1 In relation to immune processes, prolactin
accelerates the breakdown of immune tolerance by
promoting the survival, maturation and activation
of autoreactive B and T cells, dendritic cells (DCs)
and macrophages.2 In addition, prolactin-receptors
are distributed throughout the immune system.1

Prolactin is now considered a cytokine based on
both molecular and functional evidence.

High prolactin levels have been reported in sys-
temic lupus erythematosus (SLE) patients to be
associated with disease activity,3–7 albeit not con-
sistently.8–11 Regardless of this controversy, high
prolactin levels have been reported in SLE patients
with active lupus nephritis12 and central nervous
system involvement.6 These findings support the
hypothesis that prolactin, similar to other cyto-
kines, is accumulated in the inflamed organs and
may act as a chronic local stimulus for T and B
lymphocytes. Of interest, prolactin and prolactin
receptor have been described in the central nervous
system, renal tissue, endothelial and epithelial
cells.2 These tissues and cells are important targets
in SLE. All these findings indicate that prolactin
has a role in SLE pathogenesis and suggest that a
persistently high prolactin level may be a factor
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associated with chronic inflammatory/immuno-
logical activity.

The fact that high prolactin levels are observed in
patients with chronic diseases such as chronic renal
failure,13,14 chronic liver disease15 and cardiovascu-
lar morbidity, including hypertension,16,17 insulin
resistance18 and chronic heart failure,19 suggests
that there could be an association between high pro-
lactin levels and disease damage in SLE patients.

To our knowledge, such a relationship has not
been previously evaluated. We have conducted such
analysis in a primarily mestizo SLE patient popu-
lation taken into consideration other well-known
risk factors affecting damage in this condition.

Methods

Patients: since January 2012, all SLE patients pre-
senting to the rheumatology department of the
Guillermo Almenara Irigoyen Hospital in Lima,
Perú have been invited to participate in the
Almenara Lupus Cohort. The study had been
approved by the hospital’s institutional review
board. Patients who signed the informed consent
were recruited into this cohort and followed every
six months with a protocol which included an inter-
view, medical records review, physical examination
and laboratory tests.

SLE was defined using the revised and updated
ACR criteria; demographic data included were
gender, age at diagnosis, marital status, education
level and socioeconomic status.

Clinical variables included were disease activity
(ascertained with the Systemic Lupus Erythemato-
sus Disease Activity Index (SLEDAI)20), disease
damage (ascertainedwith the SystemLupus Interna-
tional Collaborating Clinics/American College of
Rheumatology (SLICC/ACR) damage index
(SDI)21), disease duration, age at diagnosis, comor-
bidities (ascertained with the Charlson comorbidity
index22) and other considered risk factors for the
occurrence of cardiovascular morbidity such as
hypertension and dyslipidaemia.

Laboratory variables included were complete
blood cell count, serum creatinine levels, liver
tests, random glucose levels, lipid profile, protein,
complement, coagulation tests, thyroid tests, pro-
lactin levels, 24-hour urinary protein, antiphospho-
lipid and other autoantibodies (antinuclear
antibody, anti-Ro, anti-La, anti-Sm, anti-RNP,
anti-histone and anti-DNA). Prolactin levels were
measured in ng/ml by a chemiluminescence
immunoassay (Siemens, Munich, Germany).

Therapeutic variables included were gluco-
corticoid, antimalarial and immunosuppressive
drugs use.

We now present cross-sectional analyses of the
baseline association between damage and prolactin
levels taking into consideration possible confoun-
ders—age at diagnosis, gender, disease duration,
disease activity, thyroid-stimulating hormone
(TSH), use of steroids (recorded as current dose
of prednisone and time of exposure), serum creatin-
ine levels and chronic liver disease (defined as the
presence of cirrhosis or chronic hepatitis).

Statistical analyses

Categorical variables were summarized as frequen-
cies and percentages while continuous variables are
presented as medians and interquartile ranks
(IQR). The association between prolactin levels
and SDI (total and its domains) was examined
using Spearman’s correlation. Factors associated
with the presence of damage were examined using
Chi-square, Fisher’s exact test or Student’s t tests,
as appropriate. Variables with a p< 0.10 in these
analyses and those felt to be clinically relevant in
terms of damage accrual were included in a Poisson
regression model to estimate the rate ratio (RR)
and 95% confidence interval (CI) for the associ-
ation between prolactin levels and SDI. Similar
analyses were performed for the various domains
of the SDI. Since atherosclerotic damage could be
scored either in the cardiovascular or in the periph-
eral vascular domains, we also examined them
together as a single component.

All statistical analyses were performed using
SPSS v. 21.0 (IBM, Chicago, IL).

Results

One-hundred and sixty patients were included in
these analyses; 147 (91.9%) were female and
almost all were mestizo (mixed Amerindian and
European). Their median age at diagnosis was
33.4 (IQR: 26.0–44.3) years and their disease dur-
ation at entry into the cohort was 5.5 (IQR: 2.6–
9.7) years. 67 patients (41.9%) presented at least
one point in the SDI, with a median SDI of 0.0
(IQR: 0.0–1.0); their median SLEDAI was 4.0
(IQR: 2.0–8.0). The most frequent domain affected
in the SDI was renal (26 patients, 16.3%), followed
by premature gonadal failure (24 patients, 15.0%),
neuropsychiatric (10 patients, 6.3%), cardiac and
peripheral vascular (9 patients, 5.6%; 5 (3.1%) car-
diac and 4 (2.5%) peripheral vascular), ocular,
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musculoskeletal and diabetes (8 patients, 5.0%
each), pulmonary (7 patients, 4.4%), integument (5
patients, 3.1%) and malignancy (1 patient, 0.6%).

Forty-seven patients (29.4%) had prolactin levels
above the upper normal limit with a median value
of 16.8 (IQR: 11.8–24.5) ng/ml; 44 (27.5%) patients
had TSH levels above the upper normal limit with a
mean value of 2.9 (IQR: 1.8–4.5) IU/ml. 3 patients
(1.9%) presented chronic liver disease, and 23
(14.4%) had an elevated serum creatinine with a
median level of 0.7 (IQR: 0.6–0.9) mg/dl. The
median dose of prednisone was 5.0 (IQR: 5.0–
10.0) mg/d and the mean time of exposure was
5.0 (IQR: 2.0–10.0) years. Factors associated with
the presence of damage are shown in Table 1.

There was an association between levels of pro-
lactin and the SDI scores (rho: 0.29, p< 0.001)
(Table 2). In the adjusted Poisson regression
model, the estimated RR for each 10 ng/ml incre-
ment of prolactin was 1.13 (95% CI 1.06–1.20,
p< 0.001).

Prolactin levels were associated with renal, car-
diac and peripheral vascular and premature gona-
dal failure domains of the SDI by univariable
analyses (Table 2). In the adjusted Poisson regres-
sion models, the estimated RR for each 10 ng/ml
increment of prolactin was 1.15 (1.03–1.28,
p¼ 0.003) for renal damage and 1.41 (1.11–1.79,
p¼ 0.003) for cardiac/peripheral vascular domains;
the association with premature gonadal failure
could not be confirmed (data not shown).

Discussion

Utilizing the baseline data from a primarily mestizo
SLE cohort we have examined the association
between prolactin levels and damage. We found a
statistically significant association between both,
even after adjusting for other well-known risk
factors accounting for the occurrence of damage
in SLE.

The prevalence of hyperprolactinemia in the gen-
eral population ranges from 0.4–5.0%,23 but in
SLE it ranges between 8.4–69.7% although the
majority of studies report a prevalence between

Table 1 Comparison of SLE patients with and without damage at entry into the Almenara cohort

Characteristics No damage (n¼ 93) Damage (n¼ 67) p value

Age at diagnosis, years, median (IQR) 32.8 (24.9–41.5) 35.0 (28.6–48.1) 0.051

Gender (female), n (%) 85 (91.4) 62 (92.5) 0.795

Socioeconomic status, n (%) 0.238

High 3 (3.2) 2 (3.0)

Medium–high 39 (41.9) 18 (26.9)

Medium 29 (31.2) 29 (43.3)

Medium–low 22 (23.7) 18 (26.9)

Racial/ethnic group, Mestizo, n (%) 91 (97.8) 66 (98.5) 1.000

Years of education, median (IQR) 14.0 (11.0–16.0) 11.0 (11.0–16.0) 0.006

Disease duration, years, median (IQR) 4.9 (2.0–8.4) 5.9 (3.1–12.5) 0.096

SLEDAI, median (IQR) 4.0 (2.0–8.0) 6.0 (4.0–8.0) 0.058

Prednisone daily dose, median (IQR) 5.0 (5.0–10.0) 5.6 (5.0–10.0) 0.978

Time of exposure to prednisone, years, median (IQR) 5.0 (2.0–8.0) 7.0 (3.0–13.0) 0.060

Prolactin levels, ng/ml, median (IQR) 16.1 (9.6–21.7) 18.1 (13.3–31.3) 0.011

TSH level, IU/ml, median (IQR) 2.7 (1.7–4.2) 2.9 (1.9–5.8) 0.739

Creatinine levels, mg/dl, median (IQR) 0.7 (0.6–0.8) 0.8 (0.6–1.5) 0.001

Chronic liver disease, n (%) 1 (1.1) 2 (3.0) 0.572

SLE: Systemic lupus erythematosus; IQR: Interquartil rank.

Table 2 Correlation between prolactin level and the SDI and
its domains

SDI and its domains Rho p value

Total SDI 0.29 <0.001

Ocular 0.05 0.553

Neuropsychiatric �0.08 0.334

Renal 0.36 <0.001

Pulmonary �0.01 0.871

Cardiovascular 0.13 0.101

Peripheral vascular 0.10 0.205

Cardiac and peripheral vascular 0.17 0.035

Musculoskeletal 0.11 0.185

Integument 0.07 0.367

Premature gonadal failure 0.22 0.005

Diabetes mellitus 0.00 0.975

Malignancy 0.12 0.133

SDI: SLICC/ACR damage index.
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20–40%;3–11 the prevalence we found in our cohort
is consistent with those published in the literature
reviewed.

Based on the analyses performed, prolactin levels
seem to be primarily associated with the cardiac and
peripheral vascular and renal domains of the SDI.
The association between prolactin and cardiovascu-
larmorbidity andmortality has been described in the
general population.24 The exact mechanisms of pro-
lactin contribution to atherosclerosis are not com-
pletely understood but they are likely mediated by
prolactin’s impact on endothelial function,18 insulin
sensitivity18 and blood pressure regulation.16,17

Prolactin is involved in the induction of angiogenesis
in the atherosclerotic plaque, the expression of endo-
thelial nitric oxide synthase and the induction of
apoptosis of endothelial cells;25,26 when prolactin is
processed to the 16 kDa product, however, it inhibits
angiogenesis. Prolactin also increases the integrin-
mediated adhesion of peripheral bloodmononuclear
cells to the endothelium;27 furthermore, a prolactin
receptor is expressed in macrophages within the ath-
erosclerotic plaque, especially at the sites where
inflammation is most prominent.28 Of note this pro-
lactin receptor is mainly present in the unstable pla-
ques.28 Finally, prolactin induces proliferation of
vascular smooth muscle cells.29

Another important metabolic effect of prolactin
is a decrease in insulin sensitivity which is probably
mediated through several pathways including the
reduction of adiponectin secretion,30 the stimula-
tion of insulin secretion and the proliferation of b
cells in the pancreatic islets.31 Furthermore, prolac-
tin could have a bimodal effect on insulin sensitiv-
ity; in animal models, for example, it has been
shown that low levels of prolactin decrease b cells
apoptosis and hepatic glucose output, improving
hepatic insulin sensitivity, but high levels are asso-
ciated with proliferation of b cells and increased
hepatic insulin resistance.32 Renal failure increases
prolactin levels by reducing the renal clearance of
prolactin13 and increasing its production33 adding
to the increased cardiovascular risk already present
in patients with chronic kidney disease.14

In addition, high prolactin levels have been asso-
ciated with decreased bone mineral density and
higher occurrence of vertebral fractures.34 The
effect of prolactin on bone mineral density may
be direct but it may also be mediated by hypogo-
nadotropic hypogonadism.35 The direct effects of
prolactin on the bones are mediated by the presence
of prolactin receptor in osteoblasts but not in
osteoclasts;36 this effect seems to be age-dependent;
in the fetal bone it can stimulate bone formation by
reducing the receptor activator of nuclear factor-

kappa B ligand (RANKL)/osteoprotegerin ratio37

whereas in adults it can stimulate bone resorption
by increasing it.38 It can be surmised that the switch
in the RANKL/osteoprotegerin ratio occurs some-
time during childhood or adolescence but there are
no data to the effect. All the immune and metabolic
disturbances described herein could explain the
association between prolactin and the damage in
patients with SLE we are now reporting.

Our study has some limitations. First, this was a
cross-sectional study of the baseline data for
patients recruited into this cohort; thus, a temporal
relationship between damage and prolactin levels
cannot possibly be established. Second, the cross-
sectional nature of the data available precluded us
from calculating disease activity over time or the
cumulative dose of prednisone, among other vari-
ables that can mediate the accrual of damage in
SLE. Despite these important limitations we
consider relevant to report this association, which
should prompt the conduct of longitudinal studies
to determine what the temporal relationship
between damage and prolactin levels is.
Furthermore the association between damage and
prolactin levels could help us understand the under-
lying pathogenesis of damage in SLE patients.

In conclusion, we describe for the first time a
positive association between prolactin levels and
SDI overall and its renal and cardiac/peripheral
vascular domains, independently of age, gender,
disease duration, disease activity, TSH, use of ster-
oids, chronic liver disease and serum creatinine
level. These associations should be further explored
in longitudinal studies to determine their temporal
relationship.
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Preliminary results were presented at European
League Against Rheumatism (EULAR) Annual
European Congress of Rheumatology 2013.39
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