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Lifestyle changes in diet and physical activity are necessary for managing metabolic 
syndrome. The aim of this longitudinal study was to examine temperamental and personality 
traits as moderators of lifestyle changes prompted by motivational intervention. The sample 
consisted of 50 patients aged 22–65 years (M = 45.26; SD = 9.79) who fulfilled the 
diagnostic criteria for metabolic syndrome and were undergoing treatment at the Military 
Institute of Medicine in Warsaw. There were two measurements: an initial measurement 
and a second 15 months after motivational counseling. Each patient completed the 
questionnaires: Formal Characteristics of Behavior – Temperament Inventory, NEO Five 
Factor Inventory, Inventory of Health Behavior, and Short Form Survey SF-36. Body Mass 
Index (BMI), Fat Mass, Fat-free Mass, Intracellular Water, and Basal Metabolic Rate (BMR) 
were also measured. Data were analyzed using dependent samples t-tests to detect the 
changes in consecutive measurements, the hierarchical regression analysis was used to 
investigate temperamental and personality traits as predictors of change, the cluster 
analysis was used to extract the subgroups of patients with distinct profiles of temperamental 
and personality traits, and the analysis of variance was used to analyze extracted profiles 
as potential moderators of change. Three subgroups were extracted using k-means 
clustering: patients with higher Neuroticism, Perseveration, and Emotional Reactivity; 
patients higher Extraversion, Briskness, Sensory Sensitivity, Endurance, Activity, and 
Conscientiousness; and patients with lower Perseveration. All patients improved 
significantly in terms of physical quality of life (QoL), health behaviors, BMI, BMR, and 
Fat-free Mass (p < 0.05). Regression analysis found that higher Sensory Sensitivity, lower 
Perseveration, and higher Agreeableness fostered positive change (p < 0.05). Patients 
with higher Neuroticism, Perseveration, and Emotional Reactivity also improved in terms 
of their Emotional Quality of Life and Health Practices, reaching parity with other patients, 
which was verified on the basis of statistically significant interaction (p < 0.05). The 
temperamental and personality trait profiles moderated the changes in health practices 
and emotional QoL. Motivational counseling was effective for patients diagnosed with 
metabolic syndrome in general, but patients with higher Neuroticism, Perseveration, and 
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Emotional Reactivity benefited even more, as they were in poorer psychological condition 
before the motivational intervention.

Keywords: metabolic syndrome, personality traits, temperamental traits, quality of life, motivational intervention

INTRODUCTION

Metabolic syndrome is a pathological state that is characterized 
by abdominal obesity, insulin resistance, hypertension, and 
hyperlipidemia (Saklayen, 2018). It increases the risk of chronic 
diseases like type 2 diabetes and coronary diseases and also 
increases the probability of stroke and other disabilities. It is 
estimated that metabolic syndrome affects about 25% of the 
world population – over a billion people. Metabolic syndrome 
in Poland is present in about 20% of the adult population 
– 5.8 million people (Kalinowski and Mianowana, 2016). 
According to the definition of the World Health Organization 
(Alberti and Zimmet, 1998), metabolic syndrome is constituted 
by insulin resistance or glucose > 6.1 mmol/L (110 mg/dl), 2 h 
glucose > 7.8 mmol (140 mg/dl), and at least two of the following: 
HDL cholesterol < 0.9 mmol/L (35 mg/dl) in men, < 1.0 mmol/L 
(40 mg/dl) in women; triglycerides > 1.7 mmol/L (150 mg/dl); 
waist/hip ratio > 0.9 (men) or > 0.85 (women) or Body Mass 
Index (BMI) > 30 kg/m2; blood pressure > 140/90 mmHg.

The pathophysiological mechanisms of metabolic syndrome 
have been studied, and the consumption of high calorie/low 
fiber fast food as well as low levels of physical activity are 
indicated as the main causes of metabolic syndrome (Barrès 
and Zierath, 2016; Bird and Hawley, 2017). Genetic 
predispositions have also been studied; however, they were 
found to be only a minor factor (Locke et al., 2015). Guidelines 
for people diagnosed with metabolic syndrome and for people 
at risk of developing it in terms of physical activity and 
appropriate diet have been formulated at the individual level 
(de la Iglesia et  al., 2014; Salas-Salvadó et  al., 2014; Clark 
et  al., 2019) and in terms of general health policy (Peeters 
and Backholer, 2017). However, there is also a need for 
motivational interventions to implement and maintain these 
guidelines. For decades, the literature has emphasized the 
necessity of recognizing individual needs, goals, and choices 
as well as the importance of feedback and reward systems as 
an important basis for solid motivation (Oldridge and Stoedefalke, 
1984). An individual approach to motivational training improves 
patients’ participation and strengthens their ability to make 
changes to their lifestyle. Self-efficacy is one of the most 
important factors in predicting failures and successes in 
maintaining motivation (Dohnke et  al., 2010). A systematic 
review of 14 studies concluded that motivational interventions 
are effective at fostering long-term behavioral changes and 
improvement of self-efficacy (McGrane et  al., 2015). It was 
found that self-regulatory strategies indirectly influence physical 
activity through self-efficacy in patients diagnosed with diabetes 
or metabolic syndrome (Olson et  al., 2017). Self-efficacy in 
regulating eating habits was one of the predictors of adherence 
in a prevention program for patients with metabolic syndrome 
(Susin et  al., 2016). A systematic review and meta-analysis 

(Kuo et  al., 2014) point out that the empowerment-based self-
management interventions for patients with chronic metabolic 
diseases, including metabolic syndrome, were effective at 
increasing self-efficacy.

However, there are still individual differences in patients’ 
adherence to explain. To do so, personality and temperamental 
traits have been investigated as possible predictors of compliance 
with health guidelines and as predictors of eating behaviors 
and physical activity in general (Walther and Hilbert, 2016; 
Reshadat et al., 2017; Stanyte and Smigelskas, 2018). Personality 
traits have also been examined as predictors of metabolic 
syndrome (Sutin et  al., 2010). High Neuroticism, low 
Agreeableness, and low Conscientiousness have been found to 
be associated with metabolic syndrome. Weak associations have 
been found between energy expenditure at peak walking pace 
and Neuroticism, Extraversion, Openness, and Conscientiousness 
(Terraciano et al., 2013). However, one systematic review points 
out that there is no clear association between personality and 
metabolic syndrome – either its occurrence or its development 
(Mommersteeg and Pouwer, 2012).

Strelau’s Regulative Theory of Temperament (RTT; Strelau, 
1996) describes formal aspects of behavior, including energetic 
and temporal characteristics composed of specific traits such 
as Sensory Sensitivity, Emotional Reactivity, Endurance and 
Activity (energetic aspect), Briskness and Perseveration (temporal 
characteristics). Sensory Sensitivity characterizes one’s capacity 
to perceive weak sensory stimuli. Emotional reactivity is the 
tendency to respond with intensity to stimuli, which induce 
emotions. Endurance is the ability to withstand long-lasting 
or exhausting conditions. Activity is the inclination to engage 
in behaviors that take place under intensely stimulating 
conditions. Briskness is the ability to react quickly and shift 
from one behavior to another. Perseveration is the tendency 
to repeat emotional states in reaction to stimuli, even if the 
stimuli are no longer present. Many research projects have 
investigated the functional significance of the temperamental 
characteristics postulated by the RTT. These temperamental 
traits may act as the moderators of the impact of life events 
by increasing or decreasing the associated stimulation (Strelau, 
2006). They may also affect coping strategies used in stressful 
situations. Specifically, they can affect the regulation of emotional 
states. Temperament is distinguished from character, which is 
defined as the self-regulatory aspect of personality – the way 
people shape and adapt responses to changing external and 
internal conditions (Cloninger et  al., 2019). Temperamental 
traits postulated in the regulative theory of temperament may 
also be considered as endophenotypes for obesity (Oniszczenko 
et  al., 2015).

The five-factor approach (McCrae and Costa, 1999) is the 
most popular and influential way of describing human 
personality. It describes personality in terms of five personality 
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traits: Neuroticism, Extraversion, Openness to Experience, 
Agreeableness, and Conscientiousness. They do not only 
describe the energetic and temporal aspects of individual 
differences in human behavior but also include attitudes and 
reactions to social events. Neuroticism is a tendency to 
be emotionally unstable and to experience negative emotions 
due to low tolerance for stress. Extraversion is characterized 
by engagement in external activities, usually with other people. 
Openness to Experience is characterized by intellectual curiosity 
and appreciation of adventure and imagination. Agreeableness 
is a general concern for getting along with others and  
being kind, helpful, and trustworthy. Conscientiousness is a 
trait constituted by self-discipline, reliability, and a preference 
for planning rather than spontaneity. The use of  
both temperamental and personality traits allows for a more 
accurate representation of individual differences in patients’ 
compliance.

The role of personality traits as predictors of eating habits 
has been examined in the general population and in specific 
samples. One systematic review has found that neuroticism, 
impulsivity, and sensitivity to reward are risk factors for obesity 
(Gerlach et  al., 2015), while conscientiousness and self-control 
have a protective function against possible weight gain. Specific 
dimensions of personality can interact with each other. 
Conscientiousness is the basis for the regulation of internal 
urges and a foundation of self-discipline. It may function as 
a source of control over compulsive eating behaviors, which 
may be  strengthened by neuroticism. A link between lower 
conscientiousness and obesity has also been found in children 
(Sutin and Terracciano, 2018).

Patients with obesity have not only high scores on neuroticism 
but also have low scores for Agreeableness, Extraversion, 
Conscientiousness, and Openness to Experience (Garrido et al., 
2018). The social attitude characteristic of Extraversion, on 
the other hand, has been found to foster improvement in 
multimodal obesity treatment (Lahmann et al., 2011). However, 
the associations between social activity and anthropometric 
outcomes were more clear in women than in men (Hosseini 
et  al., 2020).

The positive correlation between bipolar spectrum features 
and neuroticism, as well as the negative correlation of such 
features with Agreeableness and Conscientiousness, has been 
examined in the context of obesity (Dudek et  al., 2015). The 
results suggest that it is the ability to exercise control over 
constant or situational emotional tension that is crucial for 
understanding one’s eating behaviors. Personality traits, situations, 
or a combination of both can generate emotional tension, 
which necessitates a higher level of self-control to protect an 
individual from engaging in compulsive eating. The primary 
goal of compulsive eating is to release psychological tension, 
but an inevitable side effect is serious weight gain. However, 
a propitious profile of personality traits can also serve as a 
basis for healthy behaviors. It was found in a large sample of 
5,150 adult participants that lower neuroticism and higher 
Conscientiousness were not only related to lower BMI but 
also that participants with such a profile of personality traits 
tend to engage in physical activity and pay attention to their 

diet in terms of ingredients and regular meal rhythms (Sutin 
and Terracciano, 2016).

In order to understand health behaviors, a broad approach 
is needed. The approach of Gochman (1988) takes into 
consideration convictions, expectations, thought patterns, and 
emotions. It allows for thinking about behaviors that increase 
or decrease the probability of developing a disease, behaviors 
engaged with conscious intention to maintain one’s current 
health status or to reduce the danger caused by disease, and 
behaviors that follow doctors’ recommendations. In this approach, 
health behaviors lead to a better quality of life (QoL). Based 
on the definition of The World Health Organization Quality 
of Life assessment (WHOQOL) (1995), QoL includes one’s 
evaluation of one’s physical health, emotional state, independence, 
and relations with one’s social environment. A chronic 
pathological state – such as metabolic syndrome, excessive 
weight, or obesity – changes one’s functioning in all these 
areas and one’s ability to improve the situation may depend 
on many factors. Temperamental and personality traits may 
be  such factors.

The purpose of the current study is to analyze the role of 
temperamental and personality traits as moderators of change 
in health behaviors, in biological indicators of eating behaviors 
and in QoL in patients diagnosed with metabolic syndrome. 
The purpose of our research is to identify the profiles of 
temperamental and personality traits, which can facilitate positive 
change in health behaviors and, as a consequence, QoL as 
well as profiles that can impede such change in the context 
of metabolic syndrome. Our research question is whether 
temperamental and personality traits moderate such change 
and, on this basis, we  formulated two hypotheses.

H1: There will be  statistically significant changes in 
health behaviors, biological indicators, and QoL 
between the two consecutive measurements.
H2: Temperamental and personality traits of patients 
diagnosed with metabolic syndrome will be  related  
to the magnitude of changes in health behaviors, 
biological indicators, and QoL between the two 
consecutive measurements.

From a practical point of view, if we  find that person’s 
temperamental and personality traits profile matters, the 
measurement thereof should be  incorporated into daily clinical 
practice with individual patients diagnosed with metabolic 
syndrome in order to predict and deal with patients’ potential 
strengths and difficulties when changing their health behaviors.

MATERIALS AND METHODS

This study was conducted at the Military Institute of Medicine 
in Warsaw, Poland. It is a military hospital; however, it is 
open to the general population. A total of 80 patients diagnosed 
with metabolic syndrome were recruited for the study; there 
were no inclusion criteria other than fulfilling the diagnostic 
criteria for the diagnosis. All patients that were diagnosed 
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with metabolic syndrome for 12 consecutive months were asked 
by the attending doctor to participate. Patients younger than 
18 and older than 65 years old were excluded. Other exclusion 
criteria were chronic ischemic heart disease, diabetes being 
treated, confirmed chronic heart failure, confirmed chronic 
renal failure, cardiomyopathy, neoplastic disease, BMI higher 
than 45, pregnancy and diagnosed mental illness. The research 
design was longitudinal and consisted of two consecutive 
measurements. The period between the first and the second 
measurements was 15 months. It was assumed that the length 
of this period was enough to detect long-lasting effects. From 
the initial sample of 80 patients, 50 (62.5%) participated in 
both measurements and these formed the final sample. All 
participants gave written consent for their data to be  used in 
the research. The research design was approved by the Local 
Ethics Committee: the Bioethical Committee of the Military 
Institute of Medicine, decision no. 63/WIM/2011.

Indicators of metabolic syndrome, such as insulin resistance, 
HDL cholesterol, triglycerides, and blood pressure, were measured 
in a diagnostic process prior to participation in the study, 
before the first measurement. At the first measurement, the 
patients filled out four psychological questionnaires and were 
examined to determine five biological indicators: BMI, Fat 
Mass, Fat-free Mass, Intracellular Water, and Basal Metabolic 
Rate (BMR). A dietician measured the participants’ weight 
and height. Bioelectrical impedance analysis was used to measure 
Fat Mass, Fat-free Mass, and Intracellular Water. The psychological 
questionnaires were used to measure the temperamental and 
personality traits profiles of each patient as well as their health 
behaviors and QoL.

Temperament traits were assessed with the Formal 
Characteristics of behavior – Temperament Inventory (FCB-TI; 
Strelau and Zawadzki, 1995). This questionnaire measures six 
temperament traits: Briskness, Perseveration, Sensory Sensitivity, 
Emotional Reactivity, Endurance, and Activity. It has 120 items, 
with 20 items per scale (each scale can yield a total score of 
0–20). The FCB-TI has good psychometric parameters and 
proven reliability and validity. Cronbach’s α varied from 0.72 
to 0.86 depending on the scale.

Personality traits were measured with the use of the NEO 
Five Factor (NEO-FFI) Inventory, which consists of 60 items 
and measures Neuroticism, Extraversion, Openness to Experience, 
Agreeableness, and Conscientiousness – the dimensions of the 
five-factor approach described in the introduction. The 
questionnaire was also tested by the authors of its Polish 
adaptation (Zawadzki et  al., 1998) to verify its reliability and 
validity. Cronbach’s α was in the range from 0.68 to 0.82 
depending on the scale.

Health behaviors were assessed with the Inventory of Health 
Behavior (IHB; Juczyński, 2012). This inventory measures Correct 
Eating Habits, Preventive Behavior, Health Practices, and Positive 
Mental Attitude. Correct Eating Habits concern the type of 
food one eats. Preventive Behaviors refer to adherence to 
doctors’ advice and treatment. Health Practices refers to daily 
habits regarding rhythms of sleep and wakefulness as well as 
physical activity. Positive Mental Attitude refers to avoiding 
stressful events and situations evoking strong emotions. The 

inventory was developed in Poland and is widely used in the 
field of health psychology. Cronbach’s α was reported to be  in 
the range from 0.60 to 0.65 depending on the scale.

Quality of life was measured with the use of the Polish 
version of the 36-item Short Form Survey (SF-36; Tylka and 
Piotrowicz, 2009). It consists of 36 questions about health and 
reactions to disease and measures two main dimensions of 
QoL. Physical Quality of Life refers to the physical sphere: 
from physical activity to pain and its negative consequences 
on daily activities. Emotional Quality of Life covers social 
activity, emotional consequences of restrictions resulting from 
a health condition, level of energy, and tiredness. In the Polish 
version, higher scores mean lower QoL and lower scores mean 
higher QoL. The inventory has good reliability and is commonly 
used in health economics to determine the cost-effectiveness 
of health treatments. Cronbach’s α was reported to be  in the 
range from 0.75 to 0.95.

During the first session, in addition to the measurement 
with the questionnaires (FCB-TI, NEO-FFI, IHB, and SF-36) 
and the examination (including weight and height measurement 
and bioelectrical impedance analysis), participants were provided 
with diet recommendations and underwent motivational training 
(Miller and Rose, 2009). Information about diet recommendations 
was prepared and provided by a dietician. Patients were advised 
to avoid the consumption of saturated fat, trans-fatty acids, 
and cholesterol and were provided with prepared examples of 
daily meals. The motivational training was conducted by a 
health psychologist. During the training, patients were asked 
about their eating habits: their number of meals per day, eating 
between meals, number of sweets and snacks eaten, and their 
tendency to eat at night. The patients were also asked about 
their physical activity: what kinds of physical activity they 
undertook per month and per week. In the next stage, 
psychoeducation about the importance of a healthy diet and 
physical activity in metabolic syndrome was conducted. The 
long-term health consequences of metabolic syndrome were 
underlined. Also, the patients’ ambivalence and uncertainty 
about making major changes to their ways of life were discussed 
and the discrepancies between the patients’ values and goals 
and their health behaviors were elaborated upon. Possible 
changes – in the immediate term, in 1 month, and over half 
a year – in each patient’s eating habits and physical activity 
were determined. All the interventions described above needed 
to be  performed for each patient individually. Each meeting 
lasted for 50 min.

During the second measurement, patients filled out the IHB 
and SF-36. Temperamental and personality traits were measured 
only once, during the first measurement, because psychological 
traits remain stable even over decades. Although they might 
change over a lifetime, 15 months is too short to detect any 
differences. Health behaviors and QoL were measured twice. 
The same biological indicators were used in both measurements.

Statistical Analysis
Because the distributions of the analyzed variables did not 
differ from the normal distribution (based on the skewness 
and kurtosis values), parametric statistical methods were used. 
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Firstly, descriptive statistics were computed. The next stage 
was the analysis of differences between the two consecutive 
measurements. Their statistical significances were investigated 
with the use of the dependent samples t-test. Regression analysis 
was performed in order to verify the relationships between 
temperamental and personality traits and the magnitude of 
changes in health indicators and QoL. We  wanted to analyze 
not only the possible effects of individual psychological traits 
but also the potential effects of configurations of temperamental 
and personality traits present in the sample. To this end, we first 
extracted profiles of patients in terms of temperamental and 
personality traits with k-means cluster analysis and then assessed 
the interactions between cluster membership and differences 
between the two consecutive measurements with mixed-model 
repeated-measures analysis of variance. Statistically significant 
interactions were interpreted with the use of 95% confidence 
intervals. With this sample size, an interaction effect will 
be  statistically significant if Cohen’s f is equal to or greater 
than 0.29, allowing us to detect interactions that explain 7.5% 
of dependent variable variance. The power analysis was performed 
with the G*Power 3.1.9.2 software. All other calculations were 
made using IBM SPSS 25.0 software. The statistical significance 
level was equal to 0.05.

RESULTS

Socio-Demographic Characteristics
Table  1 presents the socio-demographic characteristics of the 
initial sample and the studied sample. Most patients were 
married, had at least secondary education and were employed. 
The majority were males and lived in major cities with over 
100, 000 inhabitants. The socio-demographic structure of the 
final sample was similar to the structure of the initial sample.

Out of 50 patients, 33 patients (66.0%) had BMI scores in 
the range between 25 and 30, indicating that they were 
overweight. A total of 17 patients (34.0%) had BMI scores 
higher than or equal to 30, which indicates obesity.

Change Between Consecutive 
Measurements
Table 2 presents descriptive statistics for the analyzed variables 
acquired at the first and the second measurements. In the 
case of variables that were measured twice, dependent samples 
t-tests were computed. There were statistically significant changes 
in Physical Quality of Life (p < 0.001), Correct Eating Habits 
(p < 0.001), Preventive Behavior (p = 0.004), Health Practices 
(p = 0.042), BMI index (p = 0.019), Fat-free Mass (p = 0.046), 
and BMR (p = 0.019). The mean value of the Physical Quality 
of Life was lower at the second measurement. Note, however, 
that the SF-36 inventory uses reverse scoring, meaning that 
lower values indicate better QoL. Within 15 months, the patients 
acquired better Eating Habits, Preventive Behavior, Health 
Practices, lower BMI, higher Fat-free Mass, and lower BMR. 
These results reveal significant improvement in lifestyles and 
Physical Quality of Life. However, there were no statistically 

significant changes regarding Emotional Quality of Life 
(p = 0.294), Positive Mental Attitude (p = 0.249), Fat Mass 
(p = 0.058), or Intracellular Water (p = 0.451).

The Role of Temperamental and 
Personality Traits
The first step in exploring the role of temperamental and 
personality traits was a set of hierarchical regression analyses. 
Each indicator of health, health behavior, and QoL that changed 
significantly from the first to the second measurement was 
analyzed in a separate model. The values from the second 
measurement were analyzed as dependent variables. The values 
of each indicator from the first measurement were included 
in each model in the first block with the use of the entry 
method, letting us to interpret the results of the regression 
analyses in terms of a difference between the first and the 
second measurements. The second block was concerned with 
temperamental traits and the third block with personality traits. 
Both temperamental traits and personality traits were entered 
stepwise into the model. The use of the stepwise method helped 
us to identify the temperamental and personality traits that 
were the best predictors of health, health behaviour, and QoL 
in the second measurement. The regression coefficients acquired 
in the final models are presented in Table  3.

The values of each indicator from the first measurement 
correlated positively with the values from the second 
measurement. There was a positive relationship between Sensory 
Sensitivity and change in Preventive Behavior. The higher 
Sensory Sensitivity the greater the increase in Preventive Behavior. 
There were also negative relationships between Perseveration 

TABLE 1 | Socio-demographic characteristics of the group of patients recruited 
for the study (N = 80) and the group of patients participating in two measurements 
(N = 50).

Variable Patients recruited 
N = 80 (%)

Two measurements 
N = 50 (%)

Gender
Female 15 (18.8%) 11 (22.0%)

Male 65 (81.2%) 39 (78.0%)
Age in years (M ± SD) 46.15 ± 9.84 45.26 ± 9.79
Marital Status
Married 70 (87.5%) 45 (90.0%)
Single 10 (12.5%) 5 (10.0%)
Education
Elementary 3 (3.8%) 2 (4.0%)
Secondary 40 (50.0%) 24 (48.0%)
Higher Education 37 (46.2%) 24 (48.0%)
Professional status
Employed 70 (87.5%) 46 (92.0%)
Retired 6 (7.5%) 3 (6.0%)
Unemployed 4 (5.0%) 1 (2.0%)
Place of residence
Major city, over 100,000 
inhabitants

55 (68.8%) 33 (66.0%)

Minor city, up to 100,000 
inhabitants

20 (25.0%) 13 (26.0%)

Village 5 (6.2%) 4 (8.0%)

M, Mean; SD, Standard Deviation.
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TABLE 2 | Descriptive statistics for analyzed variables acquired in the first and second measurements with the values of statistical tests for differences.

Variables First Measurement Second Measurement   t Value of p

M SD S K M SD S K

Briskness 15.44 3.30 −0.79 0.24 – – – – – –
Perseveration 11.30 4.20 −0.27 −0.07 – – – – – –
Sensory Sensitivity 14.70 3.35 −0.62 −0.22 – – – – – –
Emotional Reactivity 10.18 4.89 −0.23 −0.77 – – – – – –
Endurance 9.36 4.64 −0.05 −0.37 – – – – – –
Activity 8.04 4.55 0.15 −0.89 – – – – – –
Neuroticism 86.45 20.24 0.40 −0.81 – – – – – –
Extraversion 101.70 19.22 −0.26 0.91 – – – – – –
Openness to 
Experience

101.32 17.85 0.80 0.52 – – – – – –

Agreeableness 115.91 13.93 0.04 0.86 – – – – – –
Conscientiousness 121.64 13.23 −0.67 0.63 – – – – – –
Physical quality of life 
(QoL)

31.05 13.82 0.57 0.56 22.56 10.53 0.84 0.88 4.60 0.001

Emotional QoL 20.48 10.10 0.80 0.15 19.36 10.29 0.43 0.48 1.06 0.294
Correct Eating Habits 3.11 0.79 −0.26 −0.20 3.70 0.73 −0.85 0.87 −6.47 0.001
Preventive Behavior 3.38 0.65 −0.46 −0.52 3.64 0.61 −0.69 −0.28 −3.00 0.004
Health Practices 3.33 0.52 −0.03 0.51 3.56 0.59 −0.28 0.26 −2.09 0.042
Positive Mental 
Attitude

3.57 0.57 −0.97 0.38 3.69 0.50 −0.23 −0.80 −1.17 0.249

BMI Index 32.71 4.28 0.20 −0.03 32.25 3.85 0.83 −0.27 2.42 0.019
Fat Mass 31.76 9.53 0.46 0.24 30.34 8.47 0.74 0.66 1.94 0.058
Fat-free Mass 67.76 11.02 −0.36 −0.66 68.77 11.64 −0.50 −0.34 2.05 0.046
Intracellular Water 50.31 8.56 −0.36 −0.69 49.89 7.39 −0.40 −0.06 0.76 0.451
Basal Metabolic Rate 2060.32 349.67 −0.18 −0.67 2020.37 321.93 −0.23 −0.29 2.42 0.019

Temperamental traits and personality traits were measured only once. M, mean value; SD, standard deviation; S, skewness; K, kurtosis; t, dependent samples t test; p, statistical significance.
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and the change in Fat-free Mass and BMR. Higher Perseveration 
was linked with smaller increase in Fat-free Mass and less 
reduction in BMR. Finally, there were positive relationships 
between Agreeableness and the change in Fat-free Mass and 
BMR. Higher Agreeableness was linked with greater increase 
in Fat-free Mass and greater BMR reduction. The temperamental 
and personality traits explained from 1.0 to 6.7% of the detected 
changes from the first measurement to the second measurement.

The next step in exploring the role of temperamental and 
personality traits was k-means cluster analysis. This analysis 
allows for the identification of subgroups of patients (i.e., 
clusters). All patients in a given subgroup thus identified have 
a similar profile of temperamental and personality traits. The 
profiles of patients from different subgroups have different 
profiles. This method tries to divide the subgroups such that 
they differ as much as possible. Three clusters were extracted. 
The final cluster centers are depicted in Figure  1.

There were statistically significant differences between the 
extracted clusters in terms of Neuroticism, F (2, 47) = 27.84, 
p < 0.001, η2 = 0.54, Extraversion, F (2, 47) = 15.10, p < 0.001, 
η2 = 0.39, Openness to Experience, F (2, 47) = 5.26, p < 0.01, 
η2 = 0.18, Conscientiousness, F (2, 47) = 3.41, p < 0.05, η2 = 0.13, 
Briskness, F (2, 47) = 8.05, p < 0.01, η2 = 0.26, Perseveration, F 
(2, 47) = 24.83, p < 0.001, η2 = 0.51, Sensory Sensitivity, F (2, 
47) = 8.72, p < 0.01, η2 = 0.27, Emotional Reactivity, F (2, 47) = 28.75, 
p < 0.001, η2 = 0.55, Endurance, F (2, 47) = 15.26, p < 0.001 η2 = 0.39, 
and Activity, F (2, 47) = 18.42, p < 0.001 η2 = 0.44. The three 
clusters did not differ only in terms of Agreeableness,  
F (2,  47) = 27.84, p > 0.05. The patients from the first cluster 
(n = 17) were characterized by higher Neuroticism, Perseveration, 
and Emotional Reactivity. The patients from the second cluster 
(n = 16) had higher levels of Extraversion, Briskness, Sensory 
Sensitivity, Endurance, Activity, and Conscientiousness. The 
patients from the third cluster (n = 17) had lower levels of 
Perseveration. Based on the results of the previous studies 
presented in the introduction to this paper (Lahmann et  al., 
2011; Gerlach et  al., 2015; Garrido et  al., 2018), it should 
be expected that the first cluster of traits would hinder adherence 
to the recommended guidelines, while the second cluster would 
foster behavioral changes and help to develop self-control. A 
lower level of Perseveration, which is the tendency to repeat 
emotional states even in the absence of the stimuli that evoked 
these states, does not have a clear, well-established impact on 
adherence to diet and physical activity guidelines.

In the next stage of statistical analysis, cluster membership 
was analyzed as a moderator of the changes between the two 
measurements, with the use of mixed-model repeated measure 
analysis of variance. The interaction effects between the cluster 
membership and the change from the first to the second 
measurement were tested in order to investigate moderation. 
Because it was possible that a change occurred only in a 
subgroup of participants, the analysis was performed for all 
of the dependent variables – not only for the variables for 
which a significant change was detected in the preliminary 
analysis presented in Table  2. Table  4 presents the values of 
the interaction effects tests.

TABLE 3 | Temperamental and personality traits analyzed as predictors of health indicators in the second measurement.

Dependent variable 
Second measurement

Predictors First 
measurement

β t ΔR2 Value of p

Correct Eating Habits Correct Eating Habits 0.68 6.16 0.457 0.001
Preventive Behavior Preventive Behavior 0.44 3.49 0.262 0.001

Sensory Sensitivity 0.27 2.09 0.067 0.042
Health Practices Health Practices 0.44 3.30 0.206 0.002
Physical QoL Physical QoL 0.56 4.21 0.312 0.001
BMI Index BMI Index 0.89 10.78 0.789 0.001
Fat-free Mass Fat-free Mass 0.95 23.04 0.931 0.001

Perseveration −0.08 −2.02 0.008 0.051
Agreeableness 0.10 2.60 0.010 0.014

BMR Basal Metabolic Rate 0.95 20.54 0.913 0.001
Perseveration −0.09 −2.07 0.010 0.046
Agreeableness 0.12 2.67 0.014 0.012

β, standardized regression coefficient; t, value of the test for predictors’ statistical significance; p, statistical significance; ΔR2, the change in determination coefficient.

FIGURE 1 | The final cluster centers in the three extracted types of 
temperamental and personality traits profiles. Cluster 1, higher Neuroticism, 
Perseveration, and Emotional Reactivity; Cluster 2, higher Extraversion, 
Briskness, Sensory Sensitivity, Endurance, Activity, and Conscientiousness; 
Cluster 3, lower Perseveration.
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Two interactions were statistically significant. The first one 
concerned Health Practices and the second one concerned Emotional 
Quality of Life. The level of Health Practices (i.e., daily habits 
pertaining to physical activity and rhythms of sleep and wakefulness) 
in the first measurement was significantly lower in the first cluster 
of patients with higher Neuroticism, Perseveration, and Emotional 
Reactivity, 95%CI: [3.01, 3.22], than in the second cluster of 
patients with higher Extraversion, Briskness, Sensory Sensitivity, 
Endurance, and Activity, 95%CI: [3.23, 3.53], or in the third 
cluster of patients, with lower Perseveration, 95%CI: [3.49, 3.73] 
(see Figure  2A). However, in the group of the patients from the 
first cluster, there was statistically significant progress: by the 
second measurement, they had reached the level of the patients 
from the second cluster, 95%CI: [3.38, 3.69]. The level of Health 
Practices in the second cluster, 95%CI: [3.39, 3.69], and in the 
third cluster, 95%CI: [3.41, 3.74], did not differ between the two 
consecutive measurements.

Similarly, the patients from the first cluster were characterized 
by lower Emotional Quality of Life at the first measurement, 
95%CI: [22.69, 28.01], but progressed significantly, 95%CI: [17.01, 
21.18], and at the second measurement had the same levels as 
the patients from the second cluster, 95%CI: [16.99, 21.79]  
and the third cluster, 95%CI: [12.88, 18.02] (in the Polish version 
of the SF-36, higher scores mean lower QoL while lower scores 
mean a higher QoL), while the patients from the second cluster, 
95%CI: [16.84, 22.83], and the third cluster, 95%CI: [11.17, 16.97], 
were at the same level at both measurements (see Figure  2B).

The level of Health Practices at the second measurement 
correlated negatively with the indicator of Emotional Quality 
of Life in the total sample, r (48) = −0.26, p < 0.05. Moreover, 
only in the group of the patients from the second cluster, with 
higher Extraversion, Briskness, Sensory Sensitivity, Endurance, 
and Activity, did the level of Health Practices at the first 
measurement correlate negatively with the indicator of Emotional 
Quality of Life at the second measurement, r (15) = −0.44, p < 0.05, 
and the indicator of Emotional Quality of Life at the first 
measurement correlate negatively with the level of Health Practices 
at the second measurement, r (15) = −0.47, p < 0.05.

DISCUSSION

All patients improved over the course of the 15 months in 
terms of Physical Quality of Life, Eating Habits, adherence to 
doctors’ advice and treatment, rhythms of sleep and wakefulness, 
and physical activity. The improvement could also be  seen in 
the lower BMI values, lower BMR values, and the higher values 
of Fat-free Mass. Hypothesis 1 was confirmed by the results. 
Opportunities for improvement in groups of patients diagnosed 
with metabolic syndrome have also been demonstrated in other 
studies (Lin et  al., 2014; Barnes and Barber, 2017), even when 
the psychological interventions had a very limited scope – for 
example, when they were home-based (Blackford et  al., 2016) 
or carried out by phone (Lin et  al., 2016). We  found that 
higher Sensory Sensitivity, lower Perseveration, and higher 
Agreeableness foster positive change. In the group of patients 
with higher Neuroticism, Perseveration, and Emotional Reactivity, 
levels of Emotional Quality of Life and Health Practices were 
significantly lower in comparison with the patients with higher 
Extraversion, Endurance, and Activity and in comparison with 
the patients with lower Perseveration. Lower levels of Health 
Practices were accompanied by lower levels of Emotional Quality 

TABLE 4 | Statistical tests of interaction effects between cluster membership 
and the change from the first to the second measurement.

Variables F η2 Value of p

Correct Eating 
Habits

1.19 0.05 0.314

Preventive 
Behavior

1.12 0.05 0.335

Health Practices 4.53 0.17 0.016
Positive Mental 
Attitude

0.11 0.01 0.896

Physical QoL 0.47 0.02 0.628
Emotional QoL 4.17 0.16 0.022
BMI Index 0.90 0.04 0.414
Fat Mass 3.18 0.13 0.051
Fat-free Mass 2.72 0.11 0.077
Intracellular Water 2.91 0.12 0.065
Basal Metabolic 
Rate

2.01 0.08 0.146

F, interaction effect test value; p, statistical significance; η2, partial eta-squared.

A

B

FIGURE 2 | Mean values and 95% confidence intervals for Health Practices 
(A) and Emotional Quality of Life (B) at the first and the second measurements 
in the group of patients with higher Neuroticism, Perseveration, and Emotional 
Reactivity, in the group of patients with higher Extraversion, Briskness, Sensory 
Sensitivity, Endurance, and Activity, and in the group of patients with lower 
Perseveration.
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of Life in the whole sample. As expected, patients with higher 
Neuroticism, Perseveration, and Emotional Reactivity were in 
worse condition in both of these areas. These three characteristics 
make engaging in compulsive eating behaviors in order to 
discharge psychological tension more likely. Neuroticism has 
been demonstrated to be  associated with lower QoL (Bobić, 
2012). Perseveration and Emotional Reactivity were also found 
to be  negatively associated with QoL, for example, in patients 
diagnosed with malignant neoplasm (Burnos and Bargiel-
Matusiewicz, 2018). However, the patients with all three adverse 
factors (i.e., those with higher Neuroticism, Perseveration, and 
Emotional Reactivity) improved in terms of Emotional Quality 
of Life and Health Practices, attaining the same level as other 
patients, while patients with other profiles of temperamental 
and personality traits did not change, which supports 
hypothesis  2. Higher levels of Neuroticism, Perseveration, and 
Emotional Reactivity can lead to an adverse pattern of emotional 
regulation, characterized by internalizing psychological tension 
instead of efficient coping, inter alia, through physical activity 
(Robinson et  al., 2006; Boyes et  al., 2017). The persistent 
ruminations and worry associated with Neuroticism can also 
lead to somatic complaints (Denovan et al., 2019). This process 
can also have an adverse effect on quality of sleep by dysregulating 
rhythms of sleep and wakefulness. Daily rumination and negative 
affect have been found to be  mediators of the relationship 
between Neuroticism and impaired sleep (Slavish et  al., 2018). 
Emotional Quality of Life can be  affected both directly by 
ineffective stress management and indirectly through poor sleep 
quality. Poor Emotional Quality of Life can, in turn, negatively 
affect coping mechanisms by instigating a sort of vicious circle 
of maladaptive behaviors. However, the mechanisms and 
interrelations between Emotional Quality of Life and stress 
management still need further investigation through longitudinal 
studies (Gutiérrez Dona, 2003). The results of this study suggest 
that an individual motivational approach can be  effective in 
this group of patients. They achieved parity in terms of Emotional 
Quality of Life and Health Practices with other patients and 
also improved their rhythms of sleep and wakefulness and 
enhanced their physical activity, which are accompanied by 
better Emotional Quality of Life. It seems that motivational 
counseling is effective for patients diagnosed with metabolic 
syndrome in general, but patients with higher Neuroticism, 
Perseveration, and Emotional Reactivity can benefit even more, 
as they are often in poorer psychological condition before the 
motivational intervention. For them, individual motivational 
intervention may also be  particularly useful, because patients 
with higher Neuroticism are known to have higher dropout 
rates from periodic health screenings (Armon and Toker, 2013).

The relationship between Health Practices and Emotional 
Quality of Life is best seen in the group of patients with 
higher Extraversion, Briskness, Sensory Sensitivity, Endurance, 
and Activity, who also display a straightforward link between 
emotional states and task-oriented coping (Kaiseler et al., 2019). 
The pattern by which Emotional Quality is related to  
Health Practices measured after 15 months and Emotional 
Quality reflects Health Practices 15 months ago suggests a 
reciprocal relationship.

Personality and temperamental traits explain, to some extent, 
the functioning of patients with metabolic syndrome in the 
area of emotional regulation. However, even the patients with 
the most disadvantageous temperamental personality profile 
can undergo positive change to at least equal other patients 
in terms of Health Practices and Emotional Quality of Life. 
The scores acquired in the second measurement in this group 
of patients differed from the other patients by less than 5%.

The current study has certain limitations. Firstly, there were 
only two measurements. The conclusions would be  stronger if 
they were based on a longer period and/or on a greater number 
of measurements. It would also make plotting the trajectories 
of changes possible. Secondly, cluster analysis allows many  
aspects of patients’ functioning to be  taken into consideration, 
but it also imposes the existence of clusters. The characteristics 
of each extracted subgroup are purely empirical. However, the 
algorithm does not assure their replicability. This means that 
the identified clusters of patients may differ in subsequent studies.

Furthermore, the conclusions from this study can be generalized 
only to patients with all properties of the profiles. For example, 
in this study, we  describe a group of patients with higher 
Neuroticism, Perseveration, and Emotional Reactivity. The 
conclusions drawn relate to such patients, but not to patients 
who only have higher Neuroticism without elevated Perseveration 
and Emotional Reactivity. The current study was limited to only 
a clinical group, with no control group. A control group without 
any motivational intervention could strengthen the conclusions 
drawn. Future research should examine a variety of motivational 
interventions on a larger sample. This would allow researchers 
to examine, for example, whether exploring the long-term health 
consequences of metabolic syndrome or addressing patients’ 
ambivalence and uncertainty are necessary elements of effective 
motivational interventions.
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