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Abstract: This study reveals some specific relationships between the clinical parameters usually checked at

prolactinoma patients allowing in such a way to optimize the monitoring procedure by selecting a reduced

number of health status indicators. This is achieved by multivariate statistical interpretation of the parameter

values where clusters of indicators with correlated (similar) response are proven. Additionally, four patterns of

prolactinoma patients are found each one of them characterized by specific clinical indicators. This original

information could be of use for better interpretation of the health status of the patients.
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Introduction

Prolactinoma is a benign tumor (adenoma) of the pituitary gland which produces the

hormone prolactin. Autopsy studies in the USA indicate that about 25 % of the citizens

have small pituitary tumors and that about 40 % of them produce prolactin [1].

The cause of pituitary tumors remains unknown. It is established that stress can

significantly raise the prolactin levels. This can make the stress a diagnostic parameter.
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At a very low number of patients the level of cortisol (a hormone associated with stress)

is determined.

The prolactin has a broad spectrum of biological actions, which determine the

metabolic control [2].

The symptoms caused by the hyperprolactinaemia are [2–4]: hypogonadotropic

amenorrhea as a result of lowered follicle-stimulating hormone (FSH) levels; infertility;

galactorrhea; loss of bone mass; hypogonadism; changes in the lipid metabolism.

The symptoms that are caused by the mass effect of the tumor upon the adjacent

tissues are: Bitemporal hemianopsia (due to pressure on optic chiasma); vertigo; nausea,

vomiting. Except availability of prolactinoma there are other reasons for moderate raise

of the prolactin levels: the action of some medicines; existence of other pituitary

tumors; pregnancy and lactation [5]. The prolactinoma medication has the aim to lower

the prolactin secretion to the normal level, to correct visual impairments and to restore

the normal function of the pituitary gland through lowering the size of the tumor. The

dopamine suppresses the size of the tumor and lowers the prolactin levels at about 80 %

of the patients [6].

When the medication can not be well tolerated or failed to reduce the prolactin levels

the restoration of the normal pituitary function can be made through operative

elimination of the tumor [7]. Depending on the size of the tumor and how much of it is

removed, studies show that in 20 to 50 % of patients it will recurå, usually within five

years [8].

There are no studies trying to interpret in a multivariate way clinical data from

prolactinoma patients.The aim of the present study is to detect specific relationships

between the medical indicators measured for prolactinoma patients and to find various

patterns of similarity between the patients included in the group of observation. The

information extracted will help in the optimization of the testing of the patients (eg
reducing the number of observed parameters) or in finding discriminating medical

indicators for formation of different groups (patterns) of patients with similar medical

status.

Experimental

Clinical analysis

The data of forty six patients of the Clinic of Endocrinology, Medical University of

Sofia are included. Thirty nine of them are women and seven are men.

The next clinical parameters are used for the multivariate statistical analysis:

1. BMI, body mass index, kg/m2.

2. ESR, Erythrocyte sedimentation rate – the rate of the sedimentation of erythro-

cytes for a period of 1 hr. The reference values: up to 25 mm/h for women under 50

years and up to 30 mm/h for women over 50 years, up to 18 mm/h for men under 50

years and up to 22 mm/h for men over 50.

3. HGB, haemoglobin, reference values for women 120–160 g/dm3 and for men

135–180 g/dm3.
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4. RBC, red blood cells is a blood test, which presents the number of erythrocytes.

Reference values for women (3.7–5.3) � 1012/dm3 and for men (4.4–5.9) � 1012/dm3.

5. PLT, platelåts, reference values (130–360) � 109/dm3.

6. Alb, Albumin. Serum albumin is the main component of the blood plasma.

Reference values for Alb: 35–53 g/dm3.

7. Glu, Glucose. The levels of the blood glucose are 2.8–6.1 mmol/dm3.

8. Chol, Cholesterol, reference values 3.4–5.2 mmol/dm3.

9. LDL, Low Density Lipoproteins, reference values 2.6–3.2 mmol/dm3.

10. Trigl, Triglycerides, reference values 0.6–1.7 mmol/dm3.

11. ALAT, alanine aminotransferase – catalyses two reactions of the alanine. This

enzyme is a clinical index of the liver’s status. Reference values 5–40 U/dm3.

12. CK, Creatine kinase or CPK, Creatine phosphokinase is the enzyme, which

catalyses the conversion of creatine into phosphocreatine with adenosine triphosphate,

ATP. Reference values for women 20–180 U/dm3 and for men 30–200 U/dm3.

13. Prol, Prolactin is a hormone - glycoprotein secreted from the front lobe of the

pituitary gland. It supports the production of the estrogens and progesterone. Prolactin

stimulates the milk production. Reference values for women 59.3–619.0 mIU/dm3 and

for men 44.5–375.2 mIU/dm3.

14. FSH, Follicle-stimulating hormone is a glycoprotein hormone. It is synthesized

and secreted from the front lobe of the pituitary (adenohypophysis). Reference values

for women (follicular phase) 2.5–10.2 U/dm3 and for men 1.4–18.1 U/dm3.

15. Cortisol is a steroid hormone secreted from the adrenal glands. It is regulated

from the pituitary gland. Its level is the most raised at 8 h in the morning with reference

values 118.2–618 nmol/dm3. The cortisol level is raised after physical and emotional

stress and provokes decomposition of proteins and fats.

Multivariate statistical methods

In the present study Cluster analysis (CA) and Principal Components Analysis
(PCA) were used.

Cluster analysis is well-known and widely used multivariate statistical approach [9].

In order to cluster objects characterized by a set of variables (eg patients by clinical

parameters), one has to determine their similarity. A preliminary step of data scaling

is necessary (eg autoscaling or z – transform) where normalized dimensionless numbers

replaces the real raw data values. Thus, even serious differences in absolute values

are scaled to similar ranges. Then, the similarity or the distance between the objects

in the variable space can be determined usually by calculation of the Euclidean distance.

There is a wide variability of clustering (linkage) algorithms but the typical ones

include the single linkage, the average linkage or the Ward’s method. The representa-

tion of the results of the cluster analysis is performed by a tree-like scheme called

dendrogram.

Principal components analysis (PCA) [9] is a typical display method, which allows to

estimate the internal relations in the data set. There are different variants of PCA but

basically, their common feature is that they produce linear combination of the original

columns in the data matrix (data set) responsible for the description of the variables
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characterizing the objects of observation. These linear combinations represent a type of

abstract measurements (factors, principal components) being better descriptors of the

data structure (data pattern) than the original (chemical or physical) measurements.

Usually, the new abstract variables are called latent factors and they differ from the

original ones named manifest variables. It is a common finding that just a few of the

latent variables account for a large part of the data set variation. Thus, the data structure

in a reduced space can be observed and studied.

Results and discussion

Cluster analysis of 15 variables (clinical parameters)

and 46 objects (patients)

In Fig. 1 the dendrogram for the clustering of 15 clinical parameters measured on 46

prolactinoma patients is shown. The clustering was performed after z-transformation of

the raw data using the squared Euclidean distance as similarity measure and the Ward’s

method of linkage.

Six clusters are formed:

– K1: CORT, ALB, PLT – “blood damaging factor”;

– K2: RBC, HGB – “blood oxidation factor”;

– K3: LDL, CHOL – “health quality factor”;

– K4: FSH, ESR – “blood sedimentation factor”;

– K5: CK, ALAT – “enzyme factor”;

– K6: TRIGL, GLU, BMI – “metabolic syndrome factor”.
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Fig. 1. Hierarchical dendrogram for 15 medical parameters with 46 patients
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The parameter “PROLAC” is rather an outlier (“prolactin factor”).

It could be concluded that 6–7 parameters are good enough to characterize the status

of the patients (at least one from each group).

Principal Components Analysis

These results are confirmed by the application of principal components analysis

(PCA) to the same data set. The input data ere again standardized and the Varimax

rotation procedure was applied to the data set. In Table 1 the factor loadings for 6 latent

factors are shown.

Table 1

Factor loadings (statistically significant loadings are marked, 46 patients)

Parameter PC-1 PC-2 PC-3 PC-4 PC-5 PC-6

BMI 0.11 0.68 0.04 –0.15– –0.13– –0.59–

ESR 0.77 0.11 0.10 0.08 –0.02– –0.21–

HGB –0.85– 0.04 –0.18– 0.05 0.11 –0.07–

RBC –0.85– 0.14 0.03 0.18 0.02 –0.06–

PLT 0.001 –0.06– 0.20 0.10 0.79 –0.00–

ALB –0.17– –0.02– –0.29– –0.20– 0.74 0.04

GLU –0.08– 0.80 –0.16– 0.23 0.08 –0.02–

CHOL 0.35 0.37 0.60 0.05 0.09 0.37

LDL 0.21 –0.07– 0.76 –0.13– 0.29 0.26

TRIGL –0.07– 0.74 0.27 –0.27– –0.16– 0.11

ALAT 0.00 0.14 0.11 –0.79– 0.07 0.08

CK 0.29 0.02 –0.07– –0.75– –0.13– 0.11

PROLAC 0.06 –0.01– –0.11– 0.09 0.00 –0.88–

FSH 0.19 0.32 –0.05– 0.64 –0.18– 0.32

CORT 0.01 –0.01– –0.84– 0.01 0.22 0.13

Expl. var. % 15.9 13.0 13.0 12.4 10.2 9.5

Again, 6 latent factors are responsible for the data structure. One could easily find the

correlations shown by cluster analysis:

– “Blood oxidation factor” (explanation of nearly 16 % of the total variance) with

high loadings for HGB and RBC being negatively correlated to ESR;

– “Metabolic syndrome factor” (13 % of the total variance) indicates the correlation

between TRIGL, GLU and BMI;

– “Health quality factor” (13 % of the total variance) shows the relationship between

CHOL and LDL (both parameters are negatively correlated to CORT)

– “Enzyme factor” (over 12 % explanation of the total variance) reflects the

correlated impact of both enzymes (negative correlated to FSH hormone);
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– “Blood damaging factor” confirms the correlation between PLT and ALB (10.2 %

of the total variance) in this case, however, not correlated to CORT. It might mean that

CORT is playing an independent role in the whole scheme of variables impact on the

medical status.

– “Prolactin factor” is an independent factor (outlier) with significant contribution

to the total variance of the system (over 9 %). Its specific position is indication for its

discriminating ability among the group of patients.

In Fig. 2 the clustering of the objects of interest (46 patients) is indicated. Four

major clusters are formed. It is obvious that patient 41 is a typical outlier. Indeed, the

prolactin value measured for this particular patient is far above the values of the rest

of patients (13340 units; all others are between 200 and 1200). The presence of

an outlier could seriously deteriorate the data mining scheme and bring wrong

conclusions about the role of different discriminating parameters in the formation of the

four groups (patterns) of prolactinoma patients. That is why it is recommendable to

eliminate the object from the statistical analysis. Of course, it is an important task to

screen further this particular patient. Thus, is will become possible to better understand

why he (the patient is one of the few male patients in the group) shows such high level

of prolactin.

After elimination of the outlying object the multivariate statistical procedure for data

mining was applied again.

There is no change of the clustering of the medical parameters after elimination of

the outlier from the data set (Fig. 3). One could readily see the six groups being

identical with those in Fig. 1 and the specific position of PROLAC.
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Fig. 2. Hierarchical dendrogram for 46 patients with 15 medical parameters
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The same results are obtained by interpretation of the factor loadings from PCA.

Again, six latent factors are responsible for the data structure and explain nearly 70 %

of the total variance (Table 2).

Table 2

Factor loadings (statistically significant loadings are marked, 45 patients)

Variable PC-1 PC-2 PC-3 PC-4 PC-5 PC-6

BMI 0.11 0.82 –0.00– 0.14 –0.13– –0.11–

ESR 0.72 0.18 –0.14– –0.17– –0.02– 0.20

HGB –0.86– 0.06 0.20 –0.02– 0.14 0.06

RBC –0.89– 0.12 –0.00– –0.16– 0.02 0.05

PLT –0.00– –0.17– –0.28– –0.01– 0.73 –0.25–

ALB –0.17– 0.02 0.20 0.17 0.77 0.18

GLU –0.08– 0.68 0.15 –0.29– 0.15 –0.25–

CHOL 0.30 0.38 –0.71– –0.19– 0.06 0.06

LDL 0.16 –0.07– –0.86– 0.09 0.20 0.12

TRIGL –0.09– 0.76 –0.28– 0.13 –0.13– 0.01

ALAT 0.09 0.21 –0.06– 0.82 0.06 –0.19–

CK 0.30 0.20 0.03 0.59 –0.09– 0.50

PROLAC –0.01– –0.31– 0.00 0.01 0.01 0.83

FSH 0.16 0.21 0.01 –0.72– –0.12– –0.14–

CORT 0.02 –0.02– 0.70 –0.11– 0.37 0.26

Expl. var. % 15.7 14.9 13.5 12.3 9.6 8.7
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Fig. 3. Hierarchical dendrogram for 15 medical parameters with 45 patients
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The most serious difference to the previous case with 46 patients is to be expected in

the clustering of the objects (patients) after elimination of the outlier with extremely

high value of prolactin.

In Fig. 4 the clustering of the 45 patients is shown. Again, four major clusters are

formed:

– K1: 1, 23, 11, 42, 33, 34, 5, 12, 6, 9, 31, 19, 20, 14, 37, 10, 28, 29, 36, 39;

– K2: 2, 27, 22, 40, 38, 13, 16, 21, 15, 18, 41, 45;

– K3: 3, 4, 7, 30, 12, 26, 24, 25;

– K4: 8, 32, 43, 35, 44.

It is important to determine the structure of the patient data set with respect to the

discriminating clinical parameters for each one of the clusters formed. It will help to

understand better some specific features of the prolactinoma patients by their clinical

indicators after process of treatment. The elimination of outliers is quite important in

this situation as the estimation of the discriminators is based on calculation of the

average value of each parameter for each cluster.

In Table 3 the average values for the clinical parameters for each cluster are given.

For some of the clinical indicators the averages are statistically equal: BMI, HGB,

RBC, PLT, ALB, GLU, TRIGLI, and CORT. It means that the whole group of patients

does not show any sensitivity to the identified metabolic syndrome factor (BMI, GLU,

TRIGLI), to the blood oxidation factor (HGB, RBC) and to blood damaging factor

(PLT, ALB, CORT). Thus, they cannot serve as discriminators for the patterns of

patients.

The rest of the clinical indicators could play a discriminating function. The patients

belonging to K1 do not show any specific response of discriminating indicators. They
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Fig. 4. Hierarchical dendrogram for 45 patients with 15 medical parameters
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Table 3

Average values for each clinical parameter in each cluster

Variable K-1 K-2 K-3 K-4

BMI 23.7 32.5 32.3 28.5

ESR 9.9 5.8 14.4 14.0

HGB 134.7 145.8 129.5 117.8

RBC 4.4 5.0 4.3 4.0

PLT 254.5 227.5 204.1 252.8

ALB 39.3 40.7 31.0 34.9

GLU 4.6 5.0 5.2 4.0

CHOL 4.2 4.4 4.6 6.5

LDL 2.9 2.7 2.1 4.9

TRIGL 0.8 1.5 1.5 1.4

ALAT 13.6 24.2 12.4 21.2

CK 50.6 69.4 59.6 70.0

PROLAC 443.0 398.4 170.0 571.0

FSH 6.8 5.6 36.9 29.3

CORT 373.9 382.4 348.0 154.8

Patients with numbers 1 to 39 are female and 40 to 45 male patients.

have relatively low values of BMI, GLU, CHOL, LDL, acceptable level of PROLAC

and could be concluded that they form a pattern of “patients of good health status”.

This is the group with most members (20).

The cluster K2 (12 members) is characterized by the specific (high) level of ALAT

which is probably an indication for some problems with the liver function. This group

forms a pattern of patients with highest levels of BMI, HGB, RBC, ALB, TRIGLI,

CORT, which, although not discriminating parameters, indicate for a still pathological

status. Thus, this pattern of patients could be named “patients still needing care and
testing”. Probably, this group is formed by patients with higher level of initial problems

– overweight, worse blood indicators, etc.

The next small cluster (8 patients) K3 is characterized by highest levels of ESR and

FSH (also GLU to some extent) but low levels of CHOL and LDL, ALB and PROLAC.

This is a specific pattern of “patients with good general status but needing improving of
the blood parameters”.

The last cluster K4 (5 patients) includes the most of the male patients and could be

described as pattern of “male prolactinoma specificity”. It shows surprisingly high level

of PROLAC (it has to be mentioned that the outlier patient 41 is a male patient).

Conclusions

Specific relationships were revealed between the clinical parameters determined for

prolactinoma patients. The formation of several clusters of similarity offers the op-
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portunity for optimization of the procedure for clinical control by reducing the number

of indicators necessary for rapid testing. Further, various patterns of similarity between

the patients included in the group of observation were found: patients with good health

status, patients needing additional care and observation, patients needing specific care to

improve the blood parameters and male patients (as a separate pattern). The extraction

of the indicator clinical parameters for each pattern allows a better decision making with

respect to the health status of prolactinoma patients.
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Abstrakt: Przeprowadzone badania pacjentów z prolaktynemi¹ wykaza³y istnienie pewnych zale¿noœci

pomiêdzy parametrami klinicznymi, umo¿liwiaj¹cych optymalizacjê procedur monitorowania stanu zdrowia

za pomoc¹ mniejszej liczby wskaŸników. Tak¹ optymalizacjê mo¿na osi¹gn¹æ dziêki interpretacji wartoœci

parametrów za pomoc¹ wielowymiarowych metod statystycznych, za pomoc¹ których wykazano istnienie

skorelowanych grup zmiennych wskaŸnikowych. Dodatkowo stwierdzono istnienie czterech grup pacjentów

z prolaktynemi¹, charakteryzuj¹cych siê specyficznymi wskaŸnikami klinicznymi. Informacje te mog¹ byæ

wykorzystane do lepszej oceny stanu zdrowia pacjentów.

S³owa kluczowe: prolaktynemia, dane kliniczne, obróbka danych, analiza skupieñ, analiza g³ównych

sk³adowych
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