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Abstract

Prolactin (PRL) is secreted throughout life in men and women. At elevated levels, its physiological role in pregnancy and
lactation, and pathological effects, are well known. However clinical implications of low circulating PRL are not well estab-
lished. We conducted a meta-analysis to examine the relationship between low PRL levels and type 2 diabetes. Five papers
included cross-sectional studies comprising 8,720 men (mean age range 51.4—60 years) and 3,429 women (49.5-61.6 years),
and four papers included cohort studies comprising 2,948 men (52.1-60.0 years) and 3,203 women (49.2-60.1 years). Indi-
viduals with pregnancy, lactation and hyperprolactinemia, drugs known to alter circulating PRL levels, or pituitary diseases
had been excluded. Although most studies used quartiles to categorize PRL groups for analysis, PRL cut-off values (all
measured by chemiluminescence immunoassay) were variably defined between studies: the lowest PRL quartiles ranged
from 3.6 ng/ml to 7.2 ng/ml in men and between 4.5 ng/ml to 8 ng/ml in women; and the highest PRL quartiles ranged from
6.9 ng/ml to 13 ng/ml in men and 9.6 ng/ml to 15.8 ng/ml in women. Type 2 diabetes was defined variably using self-reported
physician’s diagnosis, fasting blood glucose, oral glucose tolerance test or glycated hemoglobin (HbA ). In cross-sectional
studies, compared to individuals in the highest PRL groups (reference), those in the lowest PRL groups had greater risk
of type 2 diabetes both in men: odds ratio (OR) and 95% confidence interval =1.86 (1.56-2.22) and in women: OR =2.15
(1.63-2.85). In cohort studies, women showed a significant association between low PRL and type 2 diabetes: OR =1.52
(1.02-2.28) but not men: OR =1.44 (0.46-4.57). Relatively low heterogeneity was observed (I*=25-38.4%) for cross-
sectional studies, but higher for cohort studies (I* =52.8-79.7%). In conclusion, low PRL is associated with type 2 diabetes,
but discrepancy between men and women in the relationship within cohort studies requires further research.
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1 Introduction hypothalamo-pituitary diseases and by many pharmaco-

logical agents, has an adverse impact on bodily functions
Within physiological ranges, prolactin (PRL) has mul-  including a disruption to the reproductive system [4, 5]. By
tiple biological actions on health [1-3]. Above these  contrast to the well-established area of research on hyper-
ranges, high serum PRL (hyperprolactinemia), driven by  prolactinemia, there is a paucity of studies on the effects of
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low PRL levels on health outcomes. Evidence from exist-
ing literature suggests an association between low PRL and
an increased prevalence of type 2 diabetes in both sexes,
mostly from cross-sectional studies [6—9]. The few prospec-
tive studies carried out also show a low baseline PRL level
was related to greater future risk of type 2 diabetes in women
[7, 10-12], but this relationship was not demonstratable in
men [7, 11], meta-analysed by de Castro et al. [13]. In a new
study of over 3,000 men aged 40-86 years published in this
issue, we have shown that within the physiological range of
PRL (up to 34.9 ng/ml), men with a low PRL level (<3 ng/
ml) at baseline had greater risk of developing type 2 diabetes
by over five-fold compared to those with a high PRL level
(=5 ng/ml) [14]. With the additional studies published more
recently, we have here generated an updated meta-analysis
to examine the relationship between low levels of PRL and
type 2 diabetes.

2 Methods
2.1 Search strategy and data extraction

A protocol for this study was developed prospectively and
registered in PROSPERO [https://www.crd.york.ac.uk/prosp
ero/] (submitted 30 March 2024, ID: 530,567, and registered
04 April 2024, registration number: CRD42024530567).
This study followed guidelines from the Cochrane and
PRISMA recommendations for conducting meta-analyses
[15, 16]. After the proposal of the concept of the study, two
investigators (GK-D and TSH) carried out independently a
literature search and extracted data from papers in MED-
LINE, Google Scholar and the Cochrane Database of Sys-
tematic Reviews up to May 2024. Title and abstract searches
were conducted in all databases using the following search
terms: prolactin, PRL, type 2 diabetes and T2DM. No filters
for language or data were applied and the Boolean opera-
tors “AND” and “OR” were used to combine search terms.
Relevant studies were searched from references within the
identified papers. Before creating a final database for meta-
analysis from data extracted, the search results from the pair
of investigators were compared and any disagreements were
resolved by consensus.

2.2 Selection criteria

All studies examining the relationship between PRL levels
and type 2 diabetes were included in adults (> 18 years)
irrespective of race, comorbidities, or duration of follow-up.
Those that fit the inclusion criteria were cross-sectional or
cohort studies, and studies specifically compared the risk of
diabetes between low PRL against high PRL categories (e.g.
quartiles) using cutoffs as presented in the primary studies.
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Studies were excluded if they presented both sexes together
or measurement of PRL during pregnancy or early stages of
postpartum which would likely to include lactating women.

2.3 Risk of bias assessment

The risk of bias was assessed independently by two inves-
tigators (GK-D and TSH) using the Joanna Briggs Insti-
tute Critical Appraisal Checklist for Cohort Studies and
Case—Control Studies [17]. The risk of bias for cross sec-
tional and cohort studies was assessed by 10 and 11 ques-
tions respectively. The response to the question was “yes”,
“no”, “unclear” or “not applicable”. The total number of
“yesses” was expressed in percentages: (the number of
yesses divided by 10,100%) for cross sectional studies and
(the number of yesses divided by 11,100%) for cohort stud-
ies. The risk of bias for each study was graded as high, mod-
erate or low if the percentage of yesses were < 50%, 50-69%
or>70% respectively.

2.4 Statistical analysis

Meta-analyses were carried out using Review Manager
(RevMan, Version 5.3. Copenhagen: The Nordic Cochrane
Centre, the Cochrane Collaboration, 2014). Odds ratios
(OR) and 95% confidence intervals were used on the original
measurement scale to determine the size of the effect of low
PRL levels on type 2 diabetes. Pooled estimates of outcomes
were obtained via the DerSimonian-Laird method using a
random effects model [18]. Statistical significance threshold
was accepted as P <0.05, and heterogeneity of study results
were assessed by the P statistic [19].

3 Results
3.1 Characteristics

A PRISMA 2020-compliant flow diagram was created to
describe the results obtained from literature search [20]. A
total of 1,937 titles were initially identified, of which 402
were found to be not relevant. The remaining 1,535 articles
were screened and 1,514 were excluded because no origi-
nal data were presented, leaving twenty-one papers being
sought for retrieval, of which two were excluded. Further
review of the remaining 19 full texts, to check for eligibility
against predefined criteria, found 12 articles to be ineligible
because there were incomplete data, in vitro studies or study
of pregnant or lactating women. The final seven papers met
inclusion criteria for meta-analysis (Fig. 1). These papers
included two from China [8, 11] and one each from Italy
[6], Germany [7], India [9], the US [10], and eight centres
from the European Union (Florence, Italy; Leuven, Belgium;
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Fig. 1 Flow chart of literature
search and study selection
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Malmo, Sweden; Manchester, UK; Santiago de Compostela,
Spain, £.6dZ, Poland; Szeged, Hungary; Tartu, Estonia) [14].
All papers were written in English and published between
2009 and 2024. Three studies were cross-sectional only [6,
8, 9], two were cohort only [10, 11], with two contained both
study designs [7, 14] (Table 1).

Sample sizes ranged from 120 to 2,948 participants in
cross-sectional studies and 618 to 8,615 in cohort studies.
All studies reported men and women separately, some stud-
ied only a single sex. Serum PRL was measured by chemi-
luminescence immunoassay in all studies and presented the
unit of measurement in ng/ml by all but one study which
reported in pmol/l [10]. Individuals with known pituitary
diseases, hyperprolactinemia and medications known to
alter circulating PRL levels were excluded by all primary
studies. Type 2 diabetes was defined variably in primary
studies including self-reported physician’s diagnosis, fast-
ing blood glucose > 126 mg/dL (7.0 mmol/L), two hours
plasma glucose during oral glucose tolerance test >200 mg/
dL (11.1 mmol/L), or glycated hemoglobin (HbA ) >6.5%
(48 mmol/mol). The relationship between PRL and type 2

diabetes reported in primary papers were mostly adjusted for
confounding factors such as age, body mass index and smok-
ing status, except one study where crude OR was calculated
from the reported prevalence of type 2 diabetes [6].

From a total of seven papers selected, five papers included
cross-sectional studies comprising 8,720 men (mean age
range 51.4-60 years) and 3,429 women (49.5-61.6 years),
and four papers included cohort studies comprising 2,948
men (52.1-60.0 years) and 3,203 women (49.2-60.1 years).
Most studies used quartiles for categorizing PRL for analy-
sis, except one study which defined PRL below 5th centile as
low group and above 75th centile as high group [14]. Some
studies used the first quartile whilst other used the fourth
quartile as reference group. For clarity of presentation, ORs
were inverted where necessary such that the group with
highest PRL levels was designated as the reference group.
In addition, all units of PRL measurement were converted to
ng/ml. Using quartiles in most studies, the PRL cut-off val-
ues were variably defined: PRL values in the lowest groups
ranged from 3.6 ng/ml to 7.2 ng/ml in men and 4.5 ng/ml
to 8 ng/ml in women; and PRL values in the highest groups
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Table 1 Prolactin values in different studies. Conversion factor ng/ml=mIU x 0.047

Men Women
Follow-up Age (yr) Low PRL levels High PRL levels Age (yr) Low PRL High PRL
duration (ng/ml) (ng/ml)* levels levels (ng/
(yrs) (ng/ml)  ml)*
Cross-sectional
Corona et al., 2009 — Mean:52 Ql:<5 Q4:>11.1 - - -
[6] (SD 12.9)
Balbach et al., - Median: 52.1 Q1:<3.6" Q4:>6.9° Median: 49.5 Q1:<4.5° Q4:>9.6"
2013 [7] (IQR: 37.4-65.3) (IQR: 36-62.3)
Wang et al., 2013 - Median: 60 Ql:<64 Q4:>10.6 Median: 60.5 Ql:<6.7 Q4:>11.5
[8] (IQR: 54-67.8) (IQR: 55.3-70.1)
Chahar et al., 2017 - Mean: 52.3-53.5 Ql:<7.2 Q4:>12.6 Mean: 55.8-56.1 Ql: <76 Q4:>13.4
[9] (SD: 5.4-6.4) (SD: 4-5.5)
(all postmenopausal)
Han et al., 2024 — Mean: 60 5th centile: <3.0  75th centile: >5.0 — — —
[14] Range: 40-86
Cohort studies
Balbach et al., 5 Median: 52.1 Q1:<3.6" Q4:>6.9" Median: 49.5 Q1:<4.5° Q4:>9.6"
2013 [7] (IQR: 37.4-65.3) (IQR: 36-62.3)
Wang et al., 2016 3.7 Mean: 57.5-63.6 Ql:<5.7 Q4:>13.0 Mean: 60.1-61.9 Ql:<58 Q4:>145
[11] (SD: 7.9-9.9) SD: 7.8-10
(all postmenopausal)
Lietal., 2018 [10] 22 - - - 32-70 Q1:<8.0° Q4:>15.8°
(43-53%
postmenopausal)

Han et al., 2024 4.3 Mean: 60
[14] Range: 40-86

5th centile:<3.0  75th centile: >5.0 - - -

Q quartile, IQR interquartile range

“Reference group

"PRL values provided by authors through personal communication (02 April 2024)
Original PRL values: Q1: <347.8 pmol/l and Q4: > 687 pmol/l (conversion factor: ng/mlx43.478 = pmol/l)

ranged from 6.9 ng/ml to 13 ng/ml in men and 9.6 ng/ml to
15.8 ng/ml in women. One study defined cut-off for lowest
PRL group at 5th centile (3 ng/ml) and highest PRL group
at 75th centile (5 ng/ml) [14]. The duration of follow-up
amongst cohort studies were between 3.7 and 22 years. The
mean or median age range was around 52-60 years in male
and 50-62 years in female participants. Two studies included
only postmenopausal women whilst one study included a
mix of premenopausal and postmenopausal women, and two
studies included a mix of those aged above as well as below
50 years (Table 1).

3.2 Meta-analysis
In cross-sectional studies, compared to individuals with the

highest PRL levels (reference group), those with the low-
est PRL levels were associated with higher risk of type
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2 diabetes both in men: OR (95%CI)=1.86 (1.56-2.22)
and in women: OR=2.15 (1.63-2.85) (Fig. 2A) and in
women in cohort studies: OR=1.52 (1.02-2.26) (Fig. 2B).
On the other hand, low PRL did not predict type 2 diabe-
tes amongst men in cohort studies: OR =1.44 (0.46—4.57)
(Fig. 2B). Relatively low heterogeneity was observed for
cross-sectional studies (I7=25-38.4%), but higher for
cohort studies (I>=52.8-79.7%). (Fig. 2A, B).

3.3 Risk of bias within primary studies

There was little evidence of bias due to confounding fac-
tors or in the selection of participants except the cohort
study by Balbach et al. [7] where almost a quarter of par-
ticipants were excluded on the grounds that they had meta-
bolic syndrome (Table 2).
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(A)
Study Sample size Age Country Odds Ratio OR 95%-ClI
Male
Balbach et al 2013 2027 52.1 Germany —— 1.54 [1.12; 2.12)
Chahar et al 2017 180 51.4 India 1.82 [0.63; 5.23]
Corona et al 2009 2531 52 Italy —a— 1.89 [1.45; 2.45]
Wang et al 2013 1034 58.3 China — 2.08 [1.38; 3.15]
Han et al 2024 2948 60 European Union +————> 461 [1.82;11.67]
Fixed effect model - 1.86 [1.56; 2.22]
Random effects model < 1.86 [1.56; 2.22]
Heterogeneity: 12 =25%,1° =< 0.1, p =0.25
Female
Balbach et al 2013 1966 495 Germany —_— 1.89 [1.21; 2.95]
Wang et al 2013 1343 61.6 China —H— 2.17 [1.50; 3.15]
Chahar et al 2017 120 54.4 India > 7.69 [1.78; 33.23]
Fixed effect model “ 2.15 [1.63; 2.85]
Random effects model N 2.15 [1.63; 2.85]
Heterogeneity: |2 = 38.4%, 1> = < 0.1, p = 0.20 ;
1
Fixed effect model < 1.94 [1.67; 2.25]
Random effects model e 1.94 [1.67; 2.25]
| T 1

Heterogeneity: 12 = 24.9%, t* < 0.1, p = 0.23 0.5 1 2 5.5
Test for subgroup differences (common effect): %> = 0.74, df = 1 (p = 0.39)
Test for subgroup differences (random effects): x; = 0.74, df =1 (p = 0.39)

(B)
Study Sample size Age Country Odds Ratio OR 95%-Cl
Male H
Balbach et al 2013 1489 521 Germany ———} 0.78 [0.45; 1.35]
Wang et al 2016 892 57.5 China *—4——:— 0.89 [0.45; 1.79]
Han et al 2024 2948 60 European Union y — > 5.56 [1.82; 16.98]

Fixed effect model
Random effects model

.

Heterogeneity: /2 = 79.8%, 1° = 0.9, p < 0.01

Female

Balbach et al 2013 1589
Lietal 2018 8615
Wang et al 2016 618

Fixed effect model
Random effects model

Heterogeneity: 1= 52.8%, “=< 0.1,p=0.12

Fixed effect model
Random effects model

Heterogeneity: 12=70.3%, 7 = 0.3, p <0.01

1.05 [0.70; 1.58]
1.44 [0.46; 4.57]

49.5 Germany s 0.88 [0.44; 1.77]
492  USA : 154 [1.19; 1.98]
601 China A—s—— 222 [1.29; 3.82]
- 1.55 [1.24; 1.92]
e 1.52 [1.02; 2.26]
{
3
<> 1.42 [1.17; 1.72]
L — 140 [0.87; 2.25]
05 1 2 55

Test for subgroup differences (common effect): y_z =2.69,df=1(p=0.10)
Test for subgroup differences (random effects): x; = 0.01, df =1 (p = 0.94)

Fig.2 Association between individuals with low levels of PRL and
type 2 diabetes reported in cross-sectional studies (A), and risk of
developing type 2 diabetes amongst individuals with low PRL levels
at baseline reported in cohort studies (B). Group of individuals with

Weight
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high levels of PRL within physiological range were used as reference
(see Table 1 for PRL cut-off values from primary studies). Note: CI,
confidence interval; df, degrees of freedom; P, probability
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Table 2 Risk of bias assessed by the Joanna Briggs Institute Critical Appraisal Checklist for cross-sectional studies (A) and cohort studies (B)
A)

Cross-sectional studies questions

Studies in men 1 2 3 4 5 6 7 8 9 10 Total (%) Risk of bias
Corona et al., 2009 [6] Y Y Y Y Y N Y Y Y Y 90 Low
Balbach et al., 2013 [7] Y Y Y Y Y Y Y Y Y Y 100 Low

Wang et al., 2013 [8] Y Y Y Y Y Y Y Y Y N 90 Low
Chahar et al., 2017 [9] Y Y Y Y Y Y Y Y Y Y 100 Low

Han et al., 2024 [14] Y Y Y Y Y Y Y Y Y Y 100 Low
Studies in women

Balbach et al., 2013 [7] Y Y Y Y Y Y Y Y Y Y 100 Low

Wang et al., 2013 [8] Y Y Y Y Y Y Y Y Y N 90 Low
Chahar et al., 2017 [9] Y Y Y Y Y Y Y Y Y Y 100 Low

Question 1: Were the groups comparable other than the presence of disease in cases or the absence of disease in controls?
Question 2: Were cases and controls matched appropriately?

Question 3: Were the same criteria used for identification of cases and controls?

Question 4: Was exposure measured in a standard, valid and reliable way?

Question 5: Was exposure measured in the same way for cases and controls?

Question 6: Were confounding factors identified?

Question 7: Were strategies to deal with confounding factors stated?

Question 8: Were outcomes assessed in a standard, valid and reliable way for cases and controls?

Question 9: Was the exposure period of interest long enough to be meaningful?

Question 10: Was appropriate statistical analysis used

(B)

Cohort studies questions

Studies in men 1 2 3 4 5 6 7 8 9 10 11 Total (%) Risk of bias
Balbach et al, 2013 [7] Y N Y Y Y Y Y N Y Y Y 81.8 Low
Wang et al, 2016 [11] Y Y Y Y Y Y Y N Y Y Y 90.9 Low
Han et al, 2024 [14] Y Y Y Y Y Y Y N Y Y Y 90.9 Low

Studies in women

Balbach et al, 2013 [7] Y N Y Y Y Y Y N Y Y Y 81.8 Low
Li et al, 2018 [10] Y Y Y Y N Y Y Y Y Y Y 90.9 Low
Wang et al, 2016 [11] Y Y Y Y Y Y Y N Y Y Y 90.9 Low
Question 1: Were the two groups similar and recruited from the same population?

Question 2: Were the exposures measured similarly to assign people to both exposed and unexposed groups?

Question 3: Was the exposure measured in a valid and reliable way?

Question 4: Were confounding factors identified?

Question 5: Were strategies to deal with confounding factors stated?

Question 6: Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?

Question 7: Were the outcomes measured in a valid and reliable way?

Question 8: Was the follow up time reported and sufficient to be long enough for outcomes to occur?

Question 9: Was follow up complete, and if not, were the reasons to loss to follow up described and explored?

Question 10: Were strategies to address incomplete follow up utilized?

Question 11: Was appropriate statistical analysis used?

Y Yes, N No

4 Discussion were associated with higher prevalence of type 2 diabetes in

both sexes. On the other hand, in cohort studies, low levels
In this meta-analysis of 28,300 data points, we observe that ~ of PRL were associated with greater risk of developing type
in cross-sectional studies, individuals with low PRL levels 2 diabetes in women, but not in men.
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The discrepancy between cross-sectional and cohort stud-
ies in men may be due to factors such as differences in study
populations and inconsistency in selection criteria of par-
ticipants, as well as a paucity of published data. Although
the older two cohort studies, one Chinese [8] and the other
German [7] showed no relationship between low PRL and
incident diabetes in men, our own data in men from eight
European countries found that low PRL was a risk factor
for incident diabetes [14]. An in-depth examination of these
three papers revealed several key factors which could partly
explain their differences. Firstly, the cut-offs for defining
PRL groups differed between studies. The threshold defined
by our group was lowest (3 ng/ml) whilst those from Bal-
bach et al. [7] and Wang et al. [8] were 3.6 ng/ml and 5.7
ng/ml respectively. In men, it is possible that only a very
low PRL level could increase the risk of future diabetes.
The use of relatively higher PRL cut-offs may suffer from a
dilution effect since individuals with lower risk for diabetes
are included in the lowest PRL category. The most notable
difference identified in the Balbach study [7] to other stud-
ies is their exclusion of patients with metabolic syndrome
at baseline. This selection may have introduced a bias since
many individuals at risk of developing type 2 diabetes may
have been omitted. On the other hand, the sample size from
the study by Wang et al. [8] was relatively small and a short
duration of follow-up, leading to few numbers of incident
diabetes. Age differences between studies may also be a
crucial factor, particularly premenopausal women since
changes in PRL levels are influenced by oestrogens. Fur-
thermore, the occurrence of diabetes increases with age, thus
follow-up may require longer in younger populations to have
adequate numbers of diabetes. Serum PRL is also known to
decline with age [14]. Therefore although the source studies
included adjustment for age, there might remain possible
residual confounding of the relationship between PRL and
type 2 diabetes from very strong association between type
2 diabetes and age, if that association with age is not linear.
A previous study found an age effect on the relationship of
PRL with glycaemia or insulin sensitivity [21].

Previous studies have found low serum PRL to be related
to higher rates of metabolic syndrome [22], and insu-
lin resistance assessed by homeostatic model assessment
(HOMA-IR) [23] in men without diabetes; these two condi-
tions are major precursors for developing type 2 diabetes.
Other evidence supporting these findings includes a positive
correlation between serum PRL (within physiological range)
and higher insulin sensitivity and glucose tolerance [21],
and with adiponectin levels [24]. Conversely, lower levels
of PRL were observed to associate with insulin resistance
and adipocyte hypertrophy in the visceral adipose tissue of
overweight and obese individuals [25].

We recognize that the effect of low PRL on diabe-
tes, and indeed other metabolic disorders, is difficult to

determine probably because the effects are thought to be
minor. Nevertheless it is important to elucidate through
evidence-based research. One explanation is that the
metabolic actions of PRL have been debated but always
neglected, probably because they are considered to have
minor clinical relevance [26]. The observational studies
presented here cannot infer, or exclude causality, and no
experimental interventional studies with PRL administra-
tion exist in humans. However, studies have shown that
PRL levels could be raised by treating castrated men with
a combination of pharmacological doses of estrogen (1.5
mg estradiol benzoate once a day for nine days) and gon-
adotrophin releasing hormone [27]. Animal studies have
suggested that PRL involves in regulation of p-cells and
insulin action in a dose-dependent manner. Treatment of
diabetic rats with low-dose PRL increased p-cell mass and
improved hepatic insulin resistance, whilst high-dose PRL
treatment led to whole-body insulin resistance [28].

As expected for a meta-analysis, certain limitations
were encountered in this study due to differences in subject
characteristics and study designs amongst primary studies.
Despite including more recent studies in this new meta-
analysis, there are still relatively few, and meta-analysis is
limited by the high heterogeneity in cohort studies. Given
these consistent findings, it would be of interest to conduct
interventional studies to examine the effects on health out-
comes (including type 2 diabetes) from raising PRL levels,
specifically in individuals with low circulating PRL, and to
achieve consensus on the definition of hypoprolactinaeyt-
mia, as proposed in our study [14]. Quick-release formula-
tion of bromocriptine was approved by the US Food and
Drug Administration for the treatment of type 2 diabetes
as an adjunct to diet and exercise to improve glycemic
control in adults in 2009 [29]. This agent could poten-
tially confound the relationship between PRL and type 2
diabetes (only in cross-sectional studies) by reducing the
levels of PRL. None of the studies included in this meta-
analysis reported the use of bromocriptine treatment for
type 2 diabetes, but it is possible that this treatment was
not documented.

In conclusion, we have observed that low PRL is asso-
ciated with type 2 diabetes, but discrepancy between
men and women in the relationship within cohort studies
deserves further research.
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