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THE FREQUENCY OF METABOLIC SYNDROME AND ITS INDIVIDUAL COMPONENTS

IN WOMEN AGED 25-45 YEARS, DEPENDING ON THE LEVEL OF PROLACTIN
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BACKGROUND: Hyperprolactinemia is one of the most common hypothalamic-pituitary-endocrine disorders in women of
reproductive age, with the highest frequency at the age of 25-44 years. In addition to influencing the reproductive system, it
isimportant to study the effects of prolactin (PRL) on various metabolic links. Available data indicate that the effect of PRL on
metabolism depends on its level. In this regard, the study of the relationship of different levels of PRL with anthropometric
parameters, indicators of lipid and carbohydrate metabolism in young women is relevant.

AIM: To study the frequency of metabolic syndrome (MS) and its individual components in women aged 25-45 years with
different levels of prolactin.

MATERIALS AND METHODS: Work design — cross-sectional research. A random population sample of women 25-45 aged-
was examined. Pregnant and breastfeeding women with macroprolactinoma, and taking antipsychotics were excluded. In-
formation was collected using a structured questionnaire, including, but not limited to, the presence of pregnancies, child-
birth, menstrual irregularities, and a clinical examination, anthropometric measurements, biochemical and hormonal blood
analyzes were performed. Statistical data processing was carried out.

RESULTS: According to the inclusion and exclusion criteria, this analysis presents data from 401 women, the average age
of the examibed was 36.14+6.19 years. There was no difference in the levels of thyroid-stimulating hormone and prolactin
(PRL) in the age groups of 25-34 and 35-45 years. According to the survey, the incidence of thyroid diseases in the studied
groups is comparable. Every fifth woman indicated menstrual irregularities. Among women 25-45 years old, women with
low-normal PRL values (Me = 4.49 [3.52; 5.41] ng/ml) have more unfavorable metabolic indicators. Metabolic syndrome (MS)
was detected in 28%,with a predominant increase in the frequency of abdominal obesity — 55%, hypercholesterolemic
LDL — 63%. Women with high PRL (Me = 41.35 [34.78; 45.88] ng / ml) also have an unfavorable metabolic profile: MS was
detected in 47%, abdominal obesity — 56%, hypertension — 39%.

CONCLUSIONS: In women 25-45 years old, low and high PRL values are more often associated with metabolic ill health. PRL
values are from 7.8 to 28 ng / m|, i.e. conditionally defined as normal, highly normal and at the level of moderate hyperprol-
actinemia contribute to the maintenance of a favorable metabolic profile. When deciding on the treatment of women with
non-tumor etiology hyperprolactinemia, it is important to assess the metabolic status, expanding their understanding of PRL
as a hormone associated only with lactation and with the pituitary-gonad axis.
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BACKGROUND

Hyperprolactinemia is one of the most common
hypothalamic-pituitary-endocrine disorders in women
of reproductive age. The PROLEARS research showed
that women of 25-44 y.o. have the highest incidence of
hyperprolactinemia [1]. In addition to influencing the
reproductive system, it is important to study the effects
of prolactin (PRL) on various metabolic links [2]. Extensive
clinical and experimental data indicate that the effect of
PRL on metabolism depends on its level. According to the
majority of researchers, the pathologic hyperprolactinemia
with extremely high values caused by prolactinomais related
to obesity, impaired glucose tolerance and insulin resistance
both in men and women [36]. There are not so many
studies researching the impact of PRL within or above the
physiological threshold on the metabolic homeostasis. Few
papers show that «<higher» (within or above the physiological
range of 25 pg/l or 525 mU/L) PRL levels promote favorable
metabolic homeostasis in cases of diabetes and metabolic
changes caused by obesity [7]. In different years several

clinical and experimental papers showed that low PRL
levels are related to unfavorable metabolic profile [8-10]. We
should note that metabolic consequences of low-normal
values and hyperprolactinemia in young women are mostly
poorly known. There are no studies of the prevalence of the
metabolic syndrome (MS) and its components in young
women with different PRL levels with non-tumor etiology.
That is why it is relevant to study the relationship of different
levels of PRL with anthropometric parameters, indicators of
lipid and carbohydrate metabolism in young women.

PURPOSE

To study the incidence of MS and its individual compo-
nents in women aged 25-45 with different levels of prolactin.

MATERIALS AND METHODS
Site and time of the study

Studysite. Thestudywasconductedinthescreening center
of the Research Institute of Internal and Preventive Medicine,
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branch of the Federal Research Center of the Institute of Cytol-
ogy and Genetics of the Siberian Branch of the Russian Acad-
emy of Sciences. The hormonal and biochemical blood tests
are performed in the laboratory of clinical and biochemical
studies of internal diseases of the Research Institute of Inter-
nal and Preventive Medicine, branch of the Federal Research
Center of the Institute of Cytology and Genetics of the Siberi-
an Branch of the Russian Academy of Sciences, that has stan-
dardization of internal and external federal quality control.
Duration of the study. The material was collected from 2013
to 2017.

Study populations (one or more)

One population was examined.

Inclusion criteria: women aged 25-45 were included
in the study.

Exclusion criteria: pregnant and breastfeeding women,
present of macroprolactinoma, and use of antipsychotics.

Sampling method from the study population (or several

samples from several study populations)

This research is a case study of the random population
of women aged 25-45 examined as part of the state-fund-
ed project «Epidemiological monitoring of public health
and study of molecular and genetic mechanisms of devel-
opment of common internal diseases in Siberia to improve
strategies for their diagnosis, prevention and treatment».
You can find the sampling description above [11]. We cal-
culated the necessary sample volume taking into account
the literature data on prevalence of hyperprolactinemia
in young women [1]. The sample volume was calculated us-
ing the following formula [12]:

N = 15.4.(p.(1-p))/W2,
where: p — estimated random probability value of the event;
W — width of the confidence interval for the probabili-
ty value. According to this formula the minimum volume
of studied subsample of young women was 246 people.
The procedure of simple random subsampling was made
with a random number generator.

Study design
We conducted a cross-sectional
gle-center study.

observational sin-

Description of the medical intervention

Information was collected using a structured question-
naire, including, but not limited to, the presence of pregnan-
cies, child-birth, menstrual irregularities, smoking behavior.
Wetookanthropometricmeasurements ofallwomen (height,
weight body mass index (BMI), waist circumference (WC)).
The height measurements were performed in the upright
position, without out wear and shoes, using the standard
height meter with 0.5 cm accuracy. The body weight was de-
termined without outwear and shows, using standard cali-
brated balance scales (the accuracy of measurement was 0.1
kg). Blood pressure was measured thrice. Blood was drawn
from an ulnar vein in the morning after 12 h overnight fast.
After the centrifuge ride, the serum was stored in a low-tem-
perature chamber (70°C). The following parameters were
determined in the blood serum: glucose, total cholesterol
(TCQ), triglycerides (TG), High-density lipoprotein cholesterol
(HDL-C), PRL and thyroid-stimulating hormone (TSH).

The essential study outcome

We studied the incidence of MS and its individual com-
ponents in the representative sample of women aged 25-45
with different prolactin levels with non-tumor etiology.

Additional study outcomes

We analyzed the data on menstrual irregularities, pres-
ence of thyroid disorders, tobacco smoking and their asso-
ciation with PRL among the examined women. We studied
PRL levels with different values of MS components and pres-
ence of MS in women aged 25-45.

Subgroup analysis

The study participants were split into two age groups
of 25-34 and 35-45 y.o,, with clinical and laboratory charac-
teristics. Additionally, to study metabolic indicators we split
into 4 subgroups with different PRL levels (25% in each).

The outcomes registration methods

The presence of menstrual irregularities, thyroid disor-
ders in the past medical history, and smoking habit were as-
sessed by analyzing the data of the structured questionnaire.
The presence of MS was established based on the American
guidance criteria, NCEP ATP Ill (National Cholesterol Edu-
cation Program Adult Treatment Panel I, 2001) [13], and
the Russian Society of cardiology (RSC, 2009, second revi-
sion) [14].NCEP ATP Il (2001) — three and more of the follow-
ing components: WC over 88 cm in women, TG >1.7 mmol/L,
HDL-C <1.3 mmol/L in women, BP >130/85 mm Hg, blood
glucose level 6.1 mmol/L. RSC (2009) — WC over 80 cm
in women plus two of the following criteria: BP =130/85 mm
Hg, TG =1.7 mmol/L, HDL-C <1.2 mmol/L in women, LDL-C
>3.0 mmol/L, plasma glucose >6.1 mmol/L.

Statistical analysis

Methods for statistical data analysis. The findings were
statistically processed using the SPSS program for Windows
(v.13), automated verification of the data base and statisti-
cal analysis are performed. The Kolmogorov-Smirnov test
was used to assess continuous distributions. The assess-
ment indicates that all have continuous non-normal distri-
butions (p>0.05). The data are presented as absolute (n) and
relative values (%) and as M+SD, where M is the arithmetic
mean, SD is the Standard Deviation, Me (25; 75), where
Me is the median, 25th and 75th percentiles. The studied
data is presented in PRL quartiles. We compared continu-
ous non-normal distributions in two independent groups
using the Mann-Whitney U-test, intragroup attribute
correlations were assessed while calculating Spearman’s
rank correlation coefficient. Attribute associations were
assessed with the univariable analysis using cross tables;
we also assessed odds ratio (OR) with confidence interval
(CI). Fractional difference of characteristics was calculated
with the Pearson’s chi-squared test. The differences were
considered statistically significant with p<0.05.

Ethical expert review

The study is approved by the local ethical committee
of the Research Institute of Internal and Preventive Medi-
cine, branch of the Federal Research Center of the Institute
of Cytology and Genetics of the Siberian Branch of the Rus-
sian Academy of Sciences, protocol N2 10 of January 21,
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2014. Before the beginning of the study all participants
signed an informed consent.

RESULTS

Subjects (participants) of the study

Taking into account inclusion and exclusion criteria,
this analysis presents data on 401 women, the average age
of the participants is 36.14+6.19, the median is 36.25 [30.88;
41.54]y.0.

The study primary results

The main characteristics of the examined women are
presented in tables 1, 2. In older women (the 2nd age group
as against the 1st group) we observe statistically significant
increase of weight, BMI, WC, TC, LDL-C, TG, fasting plasma
glucose, systolic and diastolic blood pressure. The 2nd age
group has higher incidence of overweight and obesity, ab-
dominal obesity (AO), hypertension (HT), hypercholester-
olemia and increased level of LDL-C (hyper-LDL-C), fasting
hyperglycemia; statistically significant increase of MS inci-
dence is noted independent of the used criterion.

Then the analysis of MS incidence definitions and MS
in PRL value quartiles was conducted. Women with TSH
levels going beyond the reference range were excluded
from the analysis as it was earlier shown that lipid spec-
trum proatherogenic changes appear already with subclin-
ical hypothyroidism; the concept is being developed about
the TSH level increase as MS component with the key role
of insulin resistance [15, 16]. All PRL quartiles have the same
MS incidence. There is no difference in HT and hypergly-
cemia incidence in PRL quartiles. Although most women
with WC of over 80 cm are found in PRL Q1 vs Q4: 55.3 vs
36.2%, p=0.009 (OR=2.18; 95% Cl 1.22-3.92), as well as
with hyper-LDL-C in PRL Q1 vs Q4: 62.6 vs 48.9%, p=0.063,
though the difference has not reached the statistical sig-
nificance. On the contrary, PRL increase is associated with
the increased incidence of hypo-HDL-C: PRL Q2 vs Q4: 16.3
vs 32.6%, p=0.011 (OR=2.48; 95% Cl 1.23-5.02); PRL Q2 vs
Q4: 27.2 vs 46.7%, p=0.007 (OR=2.35; 95% Cl 1.27-4.35) re-
spectively (table 3). When analyzing the percentage of MS
components in PRL quartiles in women with hyperprolac-
tinemia (over 19.5 ng/ml) (n=74), we found out that PRL Q4
(Me=41.35 [34.78; 45.88]) has most women with WC of over
80 cm — 56%, with BP=130/85 mm Hg — 39%, with MS — 47
and 39% (table 4). Thus, women with low-normal PRL values
(Me=4.49 [3.52; 5.41] ng/ml) have poorer metabolic charac-
teristics. MS is identified in 28%, with prevailing incidence
increase of AO — 55%, with hyper-LDL-C — 63%. Women
with high PRL levels (Me=41.35 [34.78; 45.88] ng/ml) also
have poor metabolic profile: MS was detected in 47%, AO —
56%, HT — 39%.

Additional study results

There were more smoking women in the younger age
group, each third woman indicated that she currently
smokes; most women with BMI <18.5 kg/m2. According
to the survey data the incidence of AIT (autoimmune thy-
roiditis), GD (Graves' disease), thyroid structural problems is
comparable in studied age groups. Each fifth woman in both
groups indicated menstrual irregularities. As the PRL and
TSH values are comparable in 25-34 and 35-45 age groups,

the further analysis was conducted in the joint group
of women aged 25-45. Spearman correlation found associ-
ation of PRL with menstrual irregularities (r=0.230, p=0.001);
weak positive correlation with TSH (r=0.100, p=0.046). We
studied PRL values with absence/presence of MS and its
components in women aged 25-45 (table 5). Women with
TSH levels going beyond the reference range were excluded
from the analysis. It was found that PRL mean values did not
differ in women with and without MS and when analyzing
MS individual components.

Adverse events
During the study adverse events were not registered

DISCUSSION

This study was performed in Novosibirsk which is a typ-
ical large industrial center in Siberia. We examined wom-
en living in the Oktyabrskiy district, typical for Novosibirsk
in terms of industrial, social, population-demographic, ans
transportation structures as well as the level of population
migration. The representative sampling of women aged
25-45 was formed using random number tables based
on lists of candidates. The subsample volume is determined
with a random number generator. The forgoing helps ex-
trapolate the findings to the target population.

Study primary result summary

The findings indicate that low and high PRL levels with
non-tumor etiology are related to the aggravation of meta-
bolic characteristics in young women. Women with normal
and high-normal PRL levels and moderate hyperprolactin-
emia have a favorable metabolic profile. At present, when
examining patients with hyper-PRL it is necessary to take
into account PRL pleiotropic action.

Discussion of the study primary result

Over recent years we have been accumulating more
and more information on the fact that besides weight in-
crease the pathologic hyperprolactinemia comes with
hyperinsulinemia, insulin resistance, HT, dyslipidemia,
endothelial dysfunction, activation of indolent inflamma-
tion [2-5]. As many authors note, metabolic consequences
of hyperprolactinemia with non-tumor etiology have not
been given proper attention for many years.

In the examined sample of women the incidence
of obesity was 20%, AO — 47%, hyper-LDL-C — 54%,
hypo-HDL-C — 23%, HT — 21%, hyperglycemia — 17%,
hyper-TG — 10%. MS incidence (RSC, 2009) — 23.5%, ac-
cording to NCEP ATP (2001) — 16.5%. 26% currently smoke.
Our data is comparable with the results earlier presented
by Yul. Ragino et al. with a bigger sample which had ad-
verse prognostic factors in terms of cardiovascular abnor-
malities among young women of Novosibirsk [17].

According to the survey data, the incidence of AIT, GD,
thyroid structural problems in the studied age groups
of women did not vary. Each fifth woman in both groups
indicated menstrual irregularities. As the PRL and TSH
mean values and median are comparable in 25-34 and
35-45 age groups, the further analysis of metabolic charac-
teristics was conducted in the joint group of women aged
25-45. To assess the metabolic condition of the patient
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Table 1. Clinical and laboratory characteristics of women aged 25-45 (M+SD and Me (25; 75))

Parameters The whole sampling Age group, y.o. p
(n=401) 25-34 (n=177) 35-44 (n=224)
Age, years 36.1426.19 30.15£2.96 40.88+3.28 0,001
36.25 (30.88; 41.54) 30.25 (28; 32.67) 41.17(38.02; 43.58)

Height, cm 164.66+6.20 165.21+5.95 164.23+6.38 0.116
164.51 (160.0; 168.55)  165.52 (161.25;170.01)  164.01(160.02; 168.03)  0.073
Weight, kg 69.65+16.81 67.51+17.46 71.35216.11 0.023
65.95 (57.55; 76.95) 64.20 (55.20; 72.75) 68.20(59.50; 79.0) 0.002

+ + +
BMI, kg/m 24.2295(.2617.6_35;'32.34) 23.4234 '(g?),_465'?;7.0) 25.3:%36('2425.515,:8229.27) <0.001
<18.5 kg/m? 17/4.3 16/9.0 1/0.4 <0.001
& 185-249kg/m? 202/50.5 96/54.2 106/47.5 0.170
% >25 kg/m? 181/45.3 65/36.7 116/52.0 0.002
B >30kg/m? 78/19.5 27/15.3 51/22.9 0.056

+ + +
WC, m 189720: 65 160(65.0: 563 B0 043000 <0001
WC 280 cm, n/% 189/47.3 66/37.3 123/55.2 <0.001
WC >88 cm, n/% 110/27.5 36/20.3 74/33.2 0.004

+ + +
SBF, mm Hg 1 1;.2)5(.19 066_.;;4i6282.5) 1 12”52(16 (;)5:;;1 ioz%.S) 1 161.;8('16 (;55(1);6 1.5296.4) <0.001

+ +
DB, mm Ho 7579:1017 130665795 rosmosae <0001
HT >140/90 mm Hg, n/% 44/11.0 9/5.1 35/15.6 0.0071
HT >130/85 mm Hg, n/% 86/21.4 21/11.9 65/29.0 <0.001

Biochemical indicators, mmol/L

+ + +
FPG 552 (5201564 541 (5101553 se2an60n <0001
T 4.50+0.87 4.85+0.80 5.10+0.91 0.004
491 (4.39; 5.50) 475 (4.27;5.27) 5.01 (4.53; 5.65) 0.002
HDLC 1.42+0.29 1.43+0.27 1414030 0.651
1.37 (1.21;1.60) 1.39 (1.26; 1.60) 1.37(1.21;1.57) 0312
DLC 3.10£0.81 2.9620.75 3.20+0.83 0.003
3.08 (2.51; 3.59) 2.90 (2.40; 3.47) 3.19 (2.63; 3.65) 0.003
e 1.0140.707 0.95+0.88 1.05+0.55 0.168
0.85 (0.63; 1.18) 0.76 (0.60; 1.08) 0.93 (0.69; 1.29) 0.001

Biochemical indicatorrs, n/%

FPG 6.1-6.9 mmol/L 68/17.0 22/12.5 46/20.5 0.032
FPG 5.6-6.9 mmol/L 190/47.5 72/40.7 118/52.7 0.017
FPG >7.0 mmol/L 6/1.5 2/1.1 4/1.8 0.591
TC 5.0 mmol/L 185/46.3 69/39.2 116/51.8 0.012
TG 1.7 mmol/L 39/10.1 12/7.4 27/12.1 0.131
LDL-C >3.0 mmol/L 207/53.8 74/45.7 133/59.6 0.007
HDL-C <1.2 mmol/L 90/23.4 35/21.6 55/24.7 0.484
HDL-C <1.3 mmol/L 139/36.1 51/31.5 88/39.5 0.108
';"OSOS :'Sacgz‘r‘i’tzfaba”d on 91(388)/23.5 21(166)/12.7 70(222)/31.5 <0.001
MS is diagnosed based on 64(389)/16.5 15(166)/9.0 49(223)/22.0 0.001

2001 NCEP ATP criteria

Note. BMI — body mass index, WC — waist circumference, SBP — systolic blood pressure, DBP — diastolic blood pressure, FPG — fasting plasma glucose,
TC — total cholesterol, HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density lipoprotein cholesterol, TG — triglycerides, MS — metabolic
syndrome. Values were considered statistically significant with p<0.05.
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Table 2. Clinical and laboratory characteristics of women aged 25-45 (M+SD and Me (25; 75))

Parameters The whole sampling Age group, y.o. p
(n=401) 25-34 (n=177) 35-44 (n=224)
TSH. 1U/ml 1.897+2.165 1.97+2.88 1.84+1.36 0.568
! 1.48 (0.99; 2.19) 1.42(0.99; 2.05) 1.52(0.98; 2.28) 0.371
PRL, ng/ml 13.62+9.60 13.14+9.39 14.00+9.76 0.373
11.86 (6.61; 17.85) 11.28 (6.16; 17.64) 12.02 (6.85; 17.88) 0.434
n/%

TSH >4.0 IU/ml 23/5.8 11/6.3 12/5.4 0.712
TSH >6.1 IU/ml 8/2.0 4/2.3 4/1.8 0.736

TSH >10.0 IU/ml 2/0.5 2/1.1 0 -
PRL =19.5 ng/ml 80/20 33/18.6 47/21 0.561
Menstrual irregularities 75 (390)/19.2 36(173)/20.8 39(217)/18.0 0.480
Smokes 104/25.9 57/32.2 47/21.0 0.011
Stopped smoking 94/23.4 46/26.0 48/21.4 0.285
Doesn’t smoke 203/50.6 74/41.8 129/57.6 0.002
AIT 25/6.2 8/4.5 17/7.6 0.208
Goiter and/or THY focal lesions 47/11.7 21/11.9 26/11.6 0.937
GD 5/1,2 2/11 3/13 0.851

THY surgery 2/0.5 0 2/0.9 -

Note. TSH — thyroid stimulating hormone; PRL — prolactin, AIT — autoimmune thyroiditis, GD — Graves' disease, THY — thyroid gland. Values were

considered statistically significant with p<0.05.

depending on the PRL level. Yazmin Macotela et al. (2020)
propose to assess the metabolic state of the patient de-
pending on the level of PRL based on the quartile distri-
bution of the hormone, and not on the generally accept-
ed "normoprolactinemic range"[18]. In the whole sample
of women the biggest MS incidence (RSC, 2009), 28%, is de-
fined in the low-normal PRL range in Q1 (4.39+1.22 ng/ml
(min 1.49; max 6.51 ng/ml; Me 4.49 (3.52; 5.41) ng/ml) with
predominant increase of incidence of hyper-LDL-C — 63%,
AO — 55%. Earlier we showed that women with low-nor-
mal PRL values have poorer metabolic characteristics [19].
Our data is comparable with the literature data where
in studies with various designs researchers show that
the low PRL level (below 7 ng/ml) negatively affects metab-
olism. Two of them are big cohort studies in adults showing
the inverse correlation between PRL levels and prevalence
of type 2 diabetes and IGT (impaired glucose tolerance)
[20, 21]. These studies were extended and confirmed in var-
ious populations [22-25]. The third study was in children
(the average age was 10.7 years) and it found that the low
PRL levels were present in cases of obesity and were a risk
factor for MS development independently of other factors
[26]. The concept of low level circulating PRL as a clinical
syndrome first appeared in 2009 when studying sexual
dysfunction. Male patients with serum PRL levels below
5 ng/ml had a higher risk of developing MS [27]. Lower
PRL levels are detected in female patients with polycystic
ovarian syndrome (PCOS) in comparison with female pa-
tients without this syndrome. In women with PCOS PRL is
negatively associated with such MS components as WC,
hyper-TG and LDL-C and with insulin resistance (HOMA-IR),
there was found a positive correlation with HDL-C [28, 29].
Men and women with non-alcoholic fatty liver disease had

lower PRL levels than control subjects; and patients with
severe hepatic steatosis had lower levels than patients with
moderate disease [30]. Furthermore, low PRL levels during
pregnancy independently predict the higher risk of devel-
oping post-partum pre-diabetes/diabetes [30]. Among ex-
amined women the MS incidence according to RSC (2009)
criteria in PRL Q2-Q4 (8-28 ng/ml) was 21-22%, according
to NCEP ATP (2001) criteria — 15-17%. As we showed earli-
er, women with PRL level in Q2-Q4 do not have differences
in fasting plasma glucose, TC, TG, HDL-C, LDL-C, BMI, WC,
SBP, DBP and the mean values of studied characteristics are
within their reference ranges [19]. Few studies showed that
"higher" PRL concentrations (within or above the physio-
logical range of 25 pg/l or 525 mU/L), but not extremely
high, promote favorable metabolic homeostasis [18].

The findings we got in our study are comparable with
the findings from the Framingham Heart Study where par-
ticipants were selected from the third generation cohort
to study the associations between PRL within the normal
range, changes in body composition and CVD risk factors.
After selection with inclusion/exclusion criteria the stud-
ied subgroup had 832 participants (335 women and
497 men). The average age of women was 40.2+8.7 years,
mean PRL levels was 11.9 +5.2 mg/dL. MS incidence based
on 2001 NCEP ATP criteria — 14%. After two examina-
tions with the interval of 6 years and exclusion of people
with increased PRL (>30 mg/dL for women, >20 mg/dL
for men) the researchers showed that PRL level was not
linked to the probability of developing hypercholester-
olemia, hypertriglyceridemia or MS in women. In multi-
variate adjusted logistic regression models in women for
each 5-mg/dL increment in PRL, was observed increased
odds of low HDL-C at follow-up (odds ratio 1.50, 95% ClI
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Table 3. The percentage of metabolic syndrome components in prolactin quartiles in women in the 25-45 y.o. population sample

Prolactin quartiles, Me (25; 75) ng/ml

1 2 3 4
(n=94) (n=95) (n=95) (n=95)
Parameters 35.5+5.8 years 36.0+6.3 years 36.4+6.5 years 36.8+6.4 years
4.49 9.11 14.36 22.71
[3.52;5.41] [7.84;10.63] [12.92;15.79] [19.64;28.03]
n % n % n % n %
WC =80 cm (RSC, 2009) 52 553 44 46.3 48 50.5 34 36.2*
WC =88 cm (NCEP ATP, 2001) 25 26.6 30 316 26 274 20 21.3
Triglycerides =1.7 mmol/L 9 9.9 11 12.0 8 9.0 8 8.7
HDL-C <1.2 mmol/L (RSC, 2009) 23 253 15 16.3 16 18.0 30 32.6*
HDL-C <1.3 mmol/L (NCEP ATP, 2001) 36 396 25 27.2 26 29.2 43 46.7%*
LDL-C >3.0 mmol/L (RSC, 2009) 57 62.6 46 50.0 46 51.7 45 48.91
BP >=130/85 mm Hg 22 234 26 274 15 15.8 19 20.0
Fasting plasma glucose =6.1 mmol/L 15 16.1 13 14.1 17 17.9 18 18.9
MS is diagnosed based on 2009 RSC criteria 26 28.3 19 20.7 20 22.0 19 20.9
MS is diagnosed based on 2001 NCEP ATP criteria 14 15.2 16 14.4 14 15.4 16 17.2

Note. WC — waist circumference, BP — blood pressure, TC — total cholesterol, HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density
lipoprotein cholesterol, MS — metabolic syndrome. Values were considered statistically significant with p<0.05.

=0.009, the level of statistical significance is between 1 and 4 quartiles.
=0.011, the level of statistical significance is between 2 and 4 quartiles.
P oL <13mmon = 0-007, the level of statistical significance is between 2 and 4 quartiles.
=0.063, the level of statistical significance is between 1 and 4 quartiles.

*

P WC=80 cm
#p HDL-C <1.2 mmol/L
*%,

A
p LDL-C >3.0 mmol/L

Table 4. The percentage of metabolic syndrome components in prolactin quartiles in women aged 25-45 with hyperprolactinemia

Prolactin quartiles, Me (25; 75), ng/ml

1 2 3 a
Parameters 35.6+5.3 38.2+6.8 36.316.7 38.0+6.9
20.52 23.24 26.84 41.35 Pia
[19.81;21.33]  [22.35;23.78]  [25.45;28.44]  [34.78; 45.88]
n % n % n % n %
WC >80 cm (RSC, 2009) 4 222 8 42.1 8 42.1 10 556%  0.040
WC >88 cm (NCEP ATP, 2001) 2 1.1 7 36.8 3 15.8 5 278 0238
Triglycerides =1.7 mmol/L 0 - 0 - 3 15.8 5 294 -
HDL-C <1.2 mmol/L (RSC, 2009) 5 2738 7 412 4 21.1 6 353 0586
HDL-C <1.3 mmol/L (NCEP ATF, 5 2738 10 58.8 8 42.1 8 471 0316
2001)
LDL-C >3.0 mmol/L (RSC, 2009) 8 44.4 12 70.6 10 526 7 412 0312
BP > 130/85 mm Hg 1 56 5 26.3 5 26.3 11 389 0016
Fasting plasma glucose 2 1.1 4 21.1 3 15.8 3 167 0878
>6.1 mmol/L
MS is diagnosed based on 2009, 56 5 294 4 211 8 471°  0.005
RSC criteria
M5 is diagnosed based on 2001 1 56 4 235 3 15.8 7 389%  0.022

NCEPATP lll criteria

Note. WC — waist circumference, BP — blood pressure, TC — total cholesterol, HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density
lipoprotein cholesterol, MS — metabolic syndrome. Values were considered statistically significant with p<0.05.
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Table 5. PRL values with absence/presence of MS and its components in women aged 25-45

Parameters PRL (M£SD) P
WC =80 cm (RSC, 2009) 12.78+9.48 0.154
WC <80 cm 14.17+£9.29 )
WC =88 cm (NCEP ATP, 2001) 12.87+8.89 0.420
WC <88 cm 13.75+9.58 )
Triglycerides =1.7 mmol/L 14.57£11.22 0.473
Triglycerides <1.7 mmol/L 13.39+£9.14 )
HDL-C <1.2 mmol/L (RSC, 2009) 14.73£10.56 0.172
HDL-C =1.2 mmol/L 13.14+8.95 )
HDL-C <1.3 mmol/L (NCEPATP, 2001) 14.34+£10.08 0.209
HDL-C =1.3 mmol/L 13.05+8.92 )
BP >130/85 mm Hg 13.77+£10.71 0.793
BP <130/85 mm Hg 13.46+9.01 )
Fasting plasma glucose =6.1 mmol/L 14,06+9,43 0.663
Fasting plasma glucose <6.1 mmol/L 13,49+9,43 ’
LDL-C =3.0 mmol/L (RCS, 2009) 13.04+9.66 0304
LDL-C <3.0 mmol/L 14.05+8.99 ’
MS according to RSC criteria, 2009 13.98+11.30 0577
People without MS 1333+8.69 ’
MS based on 2001 NCEP ATP criteria 15.12+11.00 0.168
People without MS 13.284+9.12 ’

Note. WC — waist circumference, BP — blood pressure, TC — total cholesterol, HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density
lipoprotein cholesterol, MS — metabolic syndrome. The values were considered statistically significant with p<0.05

1.18-1.91, p=0.001), that persisted after adjustment for
BMI (p=0.001). In women only, baseline PRL was positive-
ly associated with change in TC (r=0.05, P<0.05), though
no connection was observed between PRL and hyperten-
sion as one of MS components (OR 0.99; 95% Cl 0.65-1.49;
p=0.91) [32].

Recent large study with the participation of over 8000
women (Nurses’ Health Study (NHS), where participated
women aged 30-55 and 43-70; in NHS Il — 25-42 and 32-
54 y.0.) showed that higher, but physiologically normal
PRL concentrations were linked to the lower risk of devel-
oping type 2 diabetes mellitus within two decades after
the assessment and adjustment for numerous risk factors
[22]. The findings different from previous publications
were received in the Study of Health in Pomerania (SHIP)
which found the independent positive correlation be-
tween PRL within the physiological range and Me=6.4 (4,5;
9.3) (people with PRL above 30 pg/l were excluded) and
total mortality and cardiovascular mortality. The women
age median in this study was 49.2 (35.9; 62.3) years and
was higher than in our study and Framingham Heart
Study. Women with PRL concentrations in the highest ter-
tile (when compared with lowest PRL tertile) experienced
the highest mortality risk (HR 1.66: 95% Cl 1.08-2,56), with
a significant trend across PRL tertiles (p for trend <0.05)
[33]. In our study almost half the women with high PRL
levels, Me=41.35 [34.78; 45.88], but not extremely high,

have MS — 47%, AO — 56%, HT — 39% that indicates
metabolicill-health and poor prognosis regarding cardio-
vascular diseases.

Study limitations

The limitation of this study is one time determination
of serum PRL level in the examined women. The presence
of prolactinoma in women with high PRL levels was deter-
mined based on the structured questionnaire data and anal-
ysis of source medical records.

CONCLUSION

PRL values from 7.8 to 28 ng/ml, i.e. conditionally de-
fined as normal, highly normal and at the level of moderate
hyperprolactinemia contribute to the maintenance of a fa-
vorable metabolic profile. In young women low and high
PRL levels are more often related to metabolic ill-health.
Over half the women with low and low-normal PRL values
have increase of LDL-C (63%) and AO (55%). Every second
woman with high PRL levels with non-tumor etiology has
MS (47%), AO (56%), HT 39%. Our findings indicate that it
is advisable to determine PRL in young women with MS
having MS individual components like AO, HT and LDL-C
increase for further follow-up and pharmacological treat-
ment. Conversely, when thinking about how to treat young
women with hyperprolactinemia with non-tumor etiology,

doi: https://doi.org/10.14341/omet12475
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it is important to assess their metabolic status and extend
our notion of PRL as a hormone only related to lactation
and pituitary-gonad axis.
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