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Long-term proton pump inhibitors therapy and prevalence of
hyperprolactinaemia: A cross-sectional study in outpatient

gastroenterology clinics
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Abstract

Objective: To evaluate serum prolactin and macroprolactin levels in patients on long-term proton pump inhibitors
therapy.

Method: The cross-sectional study was conducted from January 2018 to November 2019 after approval from the
ethics review committee of the Commission on Science and Technology for Sustainable Development in the South
University, Abbottabad, Pakistan. The study included patients from two gastroenterology outpatient clinics in the
Khyber Pakhtunkhwa province using proton pump inhibitors for =3 months either alone or in combination with either
histamine receptor antagonists or prokinetics. Blood samples were collected from each patient for hormonal screening.
Data was analysed using SPSS 25.

Results: Of the 166 patients, 101(60.8%) were females and 65(39.2%) were males. The overall mean age was 42.5+14.2
years, and the median serum prolactin level was 23.2ng/ml (interquartile range: 14.0-38.0ng/ml). There were 96(58%)
patients with normoprolactinaemia and 70(42%) with hypreprolactinaemia. There were 19(11.4%) patients using
combination therapy, while the rest were on proton pump inhibitors monotherapy. There was a significant increase
in serum prolactin level with combination therapy compared to monotherapy (p=0.001). Patients having treatment
duration 11-20 months (p=0.006) and >40 months (p=0.001) were at high risk of developing hyperprolactinaemia.
Conclusion: Long-term use of proton pump inhibitors could increase serum prolactin levels, and appropriate

evaluation is essential for clinical management.
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Introduction

Proton pump inhibitors (PPIs) are one of the most
commonly prescribed medications, used for various
gastrointestinal (Gl) disorders, including dyspepsia, gastro-
oesophageal reflux disorder (GERD), peptic ulcer disease,
non-steroidal anti-inflammatory (NSAIDs)-induced ulcers,
H-pylori eradication, and other hypersecretory disorders,
like Zollinger-Ellison syndrome. In the past couple of
decades, the use of PPIs has enormously increased due to
its better acid-suppressive properties.2 The combined use
of PPI + histamine 2 receptor antagonists (H2RAs) has been
shown to be beneficial compared to PPl use alone.
Similarly, PPIs are used in clinical practice with prokinetics,
and this regimen has been successful in many studies.4

Observational studies have identified some serious side
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Some potentially serious side effects seen in the studies
include increased risk of bone fractures, vitamin B12
deficiency, calcium and magnesium deficiencies, renal
disorders, increased risk of dementia, pneumonia, and
cardiovascular events.>6 Hyperprolactinaemia is classified
into physiological pathological and pharmacological types.
Physiological hyperprolactinaemia stems from normal
processes, like pregnancy and stress, while pathological
hyperprolactinaemia arises from hypothalamic pituitary
disorders, including tumours. The pharmacological type is
induced by medications, like antipsychotics.”:8

In women, symptoms related to high prolactin levels may
appear, ranging from sterility, loss of libido, painful
intercourse, irregular menstruation, amenorrhoea,
oligomenorrhoea, galactorrhoea and decreased bone
mass. In men, hyperprolactinaemia can provoke decreased
sex drive, erectile dysfunction, infertility, weight gain and
osteoporosis. Gynaecomastia and galactorrhoea may also
be present.210

The effects of PPl therapy on endocrine hormones,
including prolactin, have been the subject of multiple
studies. Many studies have reported little or no effects on
prolactin with short-term use of PPIs.11-15 However,
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multiple case studies have been reported on the
connection between PPls and the development of
hyperprolactinaemia with varying degrees of increase in
serum prolactin levels when used either alone or in
combination with prokinetics.16-21

Some cohort studies have also reported a relative risk of
developing sexual and reproductive outcomes, such as
gynaecomastia, with the use of lansoprazole and
omeprazole.2223 In addition, studies related to hormonal
profiling with long-term use of PPI are lacking, and justify
the need to conduct such a hormonal screening. Studies
conducted in connection with the short-term use of PPI
and its effect on endocrine hormones are mainly
conducted on male volunteers. There is also a scarcity of
information related to hormonal profiling as well as
subsequent sexual and reproductive outcomes in females
after long-term use of PPI thereby, indicating the need to
conduct the study in both males and females to evaluate
any gender-specific changes in biochemical hormonal
profiling.

Many drugs, including PPIs, have been shown to cause
changes in serum prolactin levels. Numerous studies
conducted in various tertiary care hospitals revealed that
PPIs are frequently implicated as common contributor of
drug-induced hyperprolactinemia.24-25 However, the long-
term use of PPIs and their effect on serum prolactin levels,
to our knowledge, have not been studied yet. The current
study was planned to fill the gap in literature by evaluating
serum prolactin and macroprolactin levels in patients of
both genders on long-term PPI therapy.

Patients and Methods
The cross-sectional study was conducted from January
2018 to November 2019, and comprised patients from two
gastroenterology outpatient clinics in the Khyber
Pakhtunkhwa (KP) province.

After approval from the ethics review committee of the
Commission on Science and Technology for Sustainable
Development in the South (COMSATS) University,
Abbottabad, Pakistan, , Cochrane formulae were used to
estimate the sample size.26.27

_Z2P(1-P)

n dz

The sample was raised using nonprobability consecutive
sampling technique. Those included were patients of either
gender using PPIs for >3 months alone and in combination
with either H2RA or prokinetics. Those who agreed to
volunteer were enrolled after taking informed consent.
Patients using PPl for <3 months and/or with a history of
hormonal abnormalities, or comorbidities, such as
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depression, renal diseases, hypertension, diabetes and
thyroid disorders, patients with pituitary tumours, pregnant
women, and patients using PPIs with concomitant drugs
other than H2RA and prokinetics were excluded.

Physical examination of the subjects was done, and
relevant data was extracted from the patient file. Data was
also collected individually about socio-demographic
characteristics, medical history, and PPl use. Serum
prolactin and serum macroprolactin levels were measured
for all recruited patients at a single time point. All the
participants were regular users of PPIs.

A 5ml blood sample was taken from each participantin line
with literature.28 The standard range for serum prolactin in
Pakistani males has been reported to be 3-15ng/ml, and in
females 4-25ng/ml.2930 The normal range of serum
prolactin established in the institutional laboratory was 2.3-
18ng/ml for males and 3.6-25ng/ml for females. In the
current study, serum prolactin levels <50ng/ml were
considered mild, 50-100ng/ml were considered moderate,
and >100ng/ml were considered marked increase. Besides,
the cut-off point used for females was >25ng/ml, and it was
>18ng/ml for male patients.

The quantitative measurement of prolactin in human
serum was done using an enzyme-linked immunosorbent
assay kit (Calbiotech, Inc. 1935 Cordell Ct, Cajon, CA 92020
US) as per the manfacturer’s protocol. Initially, direct serum
was used to screen prolactin levels. The screening for
macroprolactinaemia was performed by the polyethylene
glycol (PEG) precipitation method.31 All serum samples
were precipitated with an equal PEG volume of 25% (PEG
6000, ROTIPURAN® Ph.Eur. Carl Roth GmbH, Germany)
solution w/v) The mixture was vortex-mixed and subjected
to centrifugation at 3000rpm for 15 minutes. The
supernatants were then screened for prolactin levels. The
results of direct serum prolactin assay, termed total
prolactin, and post-PEG treatment assay results, termed
free prolactin, were compared in percentage terms.
Macroprolactinaemia was assigned to the patients whose
prolactin recovery after PEG treatment was at least 40% or
less of the initial value.31:32

Data was analysed using SPSS 25. Data was reported as
frequencies and percentages for categorical variables, and
meanztstandard deviation, or median with interquartile
range (IQR) for continuous variables. Mann-Whitney U test,
Chi-square test, Fisher exact test and Spearman correlation
tests were used, as appropriate. Univariate and multivariate
logistic regression analyses were conducted with binary
variables as outcomes considering various exposure and
confounding factors. Odds ratio (OR) with 95% confidence
interval (Cl) calculated. P<0.05 was considered significant.
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Results

Of the 171 patients enrolled, 5(2.9%) were excluded for
being lactating mothers, and the study was completed by
166(97.1%) patients; 101(60.8%) females and 65(39.2%)
males. The overall mean age was 42.5+14.2 years, and the
median serum prolactin level was 23.2ng/ml (IQR: 14.0-
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45.8%

38.0ng/ml). There were 96(58%) patients with
normoprolactinaemia and 70(42%) with
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Figure-1: (A) Mean serum prolactin of the sample, and (B) gender-wise frequency of

hyperprolactinaemia.
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Figure-2: Gender-wise distribution of different levels of hyperprolactinaemia in long-
term users of proton pump inhibitors (PPI).

Table-1: Comparison of different variables in normoprolactinemic and hyperprolactinemic patients.
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Figure-3: (A) Frequency of macroprolactinaemia in long-term users of proton pump
inhibitors (PPI), and (B) the frequency of true hyperprolactinaemia in
long-term PPl users.
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Figure-4: (A) Comparison of mean serum prolactin levels among patients using proton
pump inhibitors (PPI) monotherapy and combination therapy, and
(B) comparison of serum prolactin levels in different PPI-treated groups.

hypreprolactinaemia. There were 19(11.4%) patients using
combination therapy, while the rest were on PPI
monotherapy. There were no significant differences
between hyperprolactinaemic and normoprolactinaemic
patients related to age, gender and body mass index
(p>0.05). Most of the subjects were married 150(90.36%).
There was a significant difference (p=0.02) between the
groups with respect to mean treatment

Variable Total Normoprolactinaemia Hyperprolactinaemia p-value* duration (Table 1).

(%) (n=96) n (%) (n=70)n (%) An increase in mean serum prolactin from

Mean Age (years) 4258142 4213139 429+146 0725  the normal cut-off range was observed in

Mean Treatment Duration (months)  30.5+31.4 2524253 37.73+37.1 0.002¢ female patients compared to male patients

Mean BMI (kg/m?) 24.6+3.8 247437 245439 0.654¢ .

Gender 0.425b (Figure 1A). The overall prevalence of
Male 65 35 30 hyperprolactinaemia was 42% ((40)24% in
Female 101 61 0 female and (30)18% in males) (Figure 1B).

Smoking 6(3.61) 2(1.20) 402.41) 0241 Using a gender-specific cut-off range, a

smokeless tobacco 29(17.5) 19(11.4) 10(6.02) 04122 higher prevalence was observed in males

Exercise 27(16.3) 13(7.8) 14(8.4) 0292 30(46.2%) compared to 40(39.6%) females

Working women 9(8.9) 5(4.9) 4(3.9) 0.656" (p=0.42).

Housewife 87(86.1) 51(50.5) 36(35.6) 0.522b

Menstruating women 76(75.2) 44(43.6) 32(31.7) 0482 A high incidence of a marked increase in

BMI: Body mass index; *p<0.05 was considered statistically significant: a — p-value was calculated using Independent Sample t-test:

b — p-value was calculated using Fischer Exact test; ¢ — p-value was calculated using Mann Whitney U-test.
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serum prolactin was found in females
(Figure 2).
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Male

=0.330, p= 0.007

Serum Total Prolactin

Serum Total Prolactin (ng/ml)

=0.105, p=0.3

30.7£27.2ng/ml, and it was
62.8+41.02ng/ml in the
combination therapy group (Figure
4A). The difference was significant
between PPl monotherapy and PPI

+ prokinetics (Figure 4B).

Correlation analysis suggested a
significant moderate positive
correlation between serum total
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was not significant in case of
female patients (r=0.105, p=0.3).
Likewise, for monomeric prolactin,
correlation analysis indicated a
significant positive correlation
between treatment duration and
serum monomeric prolactin levels
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Figure-5: Treatment duration and gender factors in relation to serum prolactin values.

Table-2: Logistic regression analysis of various demographic and clinical characteristics with respect to

hyperprolactinemia.

Variable Univariate Analysis Multivariate Analysis
OR (95% Cl) p-value OR (95% Cl) p-value

Gender

Female Reference

Male 1.3(0.7-2.5) 0.4 1.7(0.8-3.9) 0.18
Age (years)

<30 Reference

31-50 1.1(0.5-2.5) 0.8 1.4(0.5-3.5) 0.51

>50 1.8(0.7-4.4) 0.2 2.1(0.7-6.2) 0.18
Duration of PPl Use (months)

3-10 Reference

11-20 5.3(1.8-15.5) 0.002 49(1.6-15.2) 0.006

21-30 2.6(1.0-6.7) 0.05 2.2(0.8-6.1) 0.15

31-40 3.1(1.0-9.5) 0.048 2.6(0.8-8.9) 0.13

>40 5.6(2.1-14.5) <0.001 6.3(2.2-17.9) 0.001
Tobacco Use

Smoking 2.8(0.5-16.0) 0.2 3.2(0.4-23.8) 0.25

Smokeless Tobacco 0.7 (0.3-1.6) 0.3 0.4(0.1-1.0) 0.05
Clinical Characteristics

Combination Therapy 6.2(1.9-19.9) 0.002 4.6(1.3-16.1) 0.01

OR: Odds ratio; Cl: Confidence interval; PPI: Proton pump inhibitors; *p< 0.05 was considered statistically significant.

Macroprolactinaemia was found in 21 (12.7%) patients,
among which 15 (9.1%) were female (Figure 3A). Besides,
49 (29.5%) patients had true hyperprolactinaemia, and 25

(15%) were female (Figure 3B).

The mean serum level in PPl monotherapy group was

Open Access

Discussion

significant (r=0.113, p=0.25) in
female patients.

In univariate analysis, compared to 3-10
months of PPl use, various subgroups in
treatment duration, such as 11-20 months
(OR: 5.3; 95% Cl: 1.8-15.5; p=0.002), 21-30
months (OR: 2.6; 95% CI: 1.0-6.7; p=0.05),
31-40 months (OR: 3.1; 95% Cl: 1.0-9.5;
p=0.048), >40 months (OR: 5.6; 95% Cl:
2.1-14.5; p<0.001) were significantly
associated with hyperprolactinaemia. The
presence of combination therapy was also
significantly associated with respect to PPI
monotherapy with hyperprolactinaemia
(OR: 6.2; 95% CI: 1.9-19.9; p=0.002).
Multivariate analysis revealed that
patients using combination therapy were
more likely to develop
hyperprolactinemia (OR: 4.6; 95% Cl: 1.3-
16.1; p=0.018). Patients with treatment
duration 11-20 months (OR: 4.9; 95% Cl:
1.6-15.2; p=0.006) and >40 months (OR:
6.3;95% Cl: 2.2-17.9; p=0.001) were at high

risk of developing hyperprolactinaemia (Table 2).

To our knowledge, the current study is the first to

investigate serum prolactin levels in long-term PPl users in
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the region. In both genders, mean serum levels were found
raised from their respective normal serum values. These
findings suggested that long-term PPl users may have a
raised level of serum prolactin. Different degrees of
medication-induced increase in serum prolactin levels have
been reported. In different case reports, the increase in
serum prolactin levels after PPI treatment was reported to
range from 32.9ng/ml to 288ng/ml.116-19.21 |n a recent
study, the basal prolactin observed 132+68.7ng/ml and
after discontinuing the medication, the prolactin level
decreased to 16.9+8.2ng/ml, in which PPIs and prokinetics
were the leading causes (71.8%) of hyperprolactinemia.24
The exact mechanism by which PPls increase serum
prolactin levels is not fully understood, and not all studies
have found evidence of significant association for PPIs
causing an increase in serum prolactin levels. The current
proposed that a central stimulation may be involved in the
excess secretion. In addition, PPls may interfere with
prolactin excretion, leading to higher serum levels.

There was a high prevalence of hyperprolactinaemia
among patients who were using PPl for >3 months either
alone or in combination. The prevalence in the current
study was in, line with earlier findings.24 However, it is
complicated to compare the results of the current study
with other drug-induced hyperprolactinaemia studies due
to multiple reasons. First, there is a vast variability in the
cut-off points for defining hyperprolactinaemia in various
studies. The current study used a cut-off point of >25ng/ml
for females, and >18ng/ml for male patients, which were
commonly used in various studies related to
hyperprolactinemia in Pakistan.2930 Secondly, different
drugs have a varying degree of potential to increase serum
prolactin levels, and the current is the first that was
specifically designed to evaluate hyperprolactinaemia in
long-term PPl users.

In  the current study, 30% patients had
macroprolactinaemia. Similarly, 70% of patients had true
hyperprolactinaemia in total hyperprolactinaemic patients
with no gender-specific variation. These findings are
consistent with other studies (10-45%).3334 However, the
current study was the first attempt to screen
macroprolactin and monomeric prolactin in long-term PPI
users.

The current study compared the mean serum prolactin
levels in patients who were using PPl alone and in
combination. It has been revealed that people using PPl in
combination may be more exposed to increased serum
prolactin than those using PPl alone for long-term duration.
Binary logistic regression also confirmed the likelihood of
increased serum prolactin in people using PPl in
combination. These results strengthen the earlier findings2>
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in which the combination of PPIs and prokinetics was the
leading cause (71.8%) of the total drug-induced
hyperprolactinaemia cases. Understanding the impact of
combination therapy on serum prolactin levels was crucial
for a comprehensive evaluation of the potential
hyperprolactinaemic effects associated with long-term PPI
use.

In the current cross-sectional study, most participants were
using omeprazole and esomeprazole. The frequency of
long-term use for other PPIs in the study was very small,
and there was no user of rabeprazole. Such low frequency
of PPIs other than omeprazole and esomeprazole was one
of the limitations, and, consequently, the study was unable
to properly compare between the mean serum values
among all PPI-treated groups.

The current study did not identify any relation for different
demographic variables, including age, gender, BMI, marital
status, smoking, use of smokeless tobacco, exercise,
working status, and being housewife, between normal
prolactin and hyperprolactinemic groups, thereby
excluding the possibility of any of these variables
increasing serum prolactin.

Correlational analyses for both genders showed significant
association with treatment duration in male patients, but
not in female patients. This could be due to the reason that
many reproductive hormones are interrelated with each
other, and female sex hormones have a role in the
modulation of prolactin levels in the body. All the female
participants were of different ages and within different
phases of their reproductive cycles and variations in sex
hormones. In addition, another contributing factor may be
the fact that both males and females showed different
responses to the same drug, and in a study done in
Pakistani, females exhibited genetic variations in
pharmacokinetic behaviour towards PPIs.35

The current study has limitations. First, due to its cross-
sectional design, the study was unable to collect an
adequate number of samples for pantoprazole,
lansoprazole, dexlansoprazole, and rabeprazole within the
study time period. Second, owing to financial constraints,
the study was unable to generate large-scale data. Finally,
no control group without PPI/H2 antagonist/combination
therapy use was involved. A control group would have
provided a clear baseline and more valuable information
on the association between prolonged use of PPl and
prolactin increase.

Conclusion
A high number of patients were found to have
hyperprolactinaemia, and the condition was significantly
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linked to the long-term use of PPIs. The intensity of raised
serum prolactin was almost doubled when PPI
administration was accompanied by prokinetics. The
duration of PPl use had a greater impact on prolactin levels
in male patients compared to female patients.
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