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Abstract
Women with impaired fertility and metabolic disturbances often experience anxiety, depressive symptoms, emotional over-
eating, and dysfunctional beliefs related to body weight and self-image. This study evaluated the effectiveness of a structured 
cognitive behavioral therapy program in this patient group. A total of 609 women with metabolic disturbances were initially 
screened, including 314 women with primary or secondary subfertility; 240 eligible women aged 25–44 years were subse-
quently included in the prospective randomized controlled trial. Participants were randomized to standard care combined 
with a 12-week cognitive behavioral therapy program or to standard care alone. Psychological, behavioral, anthropometric, 
and laboratory parameters were assessed at baseline and after 12 weeks. The intervention group showed a greater reduction 
in depressive and anxiety symptoms than the control group. Cognitive behavioral therapy was also associated with fewer 
maladaptive automatic thoughts, reduced emotional overeating, increased physical activity, better dietary adherence, and 
moderate improvements in body mass index, waist circumference, glucose metabolism, and lipid profile. Cognitive behavio-
ral therapy may be an effective component of interdisciplinary care for women with subfertility and metabolic disturbances.
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Introduction

Subfertility is a clinical and medical-social prob-
lem that requires consideration of somatic, metabolic, 
psychological, and behavioral factors. Subfertility is 
often accompanied by emotional distress, uncertain-
ty regarding treatment outcomes, decreased quality 
of life, and an increased risk of anxiety and depressive 
symptoms [1, 2]. At the population level, depressive 
disorders and mental health problems represent a 

substantial public health burden, and reproductive or 
perinatal vulnerability may be additionally aggravat-
ed under conditions of war-related displacement and 
stress [3–5].

Metabolic diseases, including obesity, type 2 diabe-
tes mellitus, dyslipidemia, and metabolic syndrome, 
may impair reproductive health through hormonal, 
inflammatory, vascular, and behavioral mechanisms. 
Chronic metabolic disturbances are also associated 
with psychological distress, difficulties adhering to 
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lifestyle recommendations, disordered eating behav-
ior, and reduced treatment adherence [6–9]. In female 
reproductive endocrinology, obesity, polycystic ovary 
syndrome, metabolic syndrome, and menstrual dys-
function are closely connected with reproductive dis-
orders and may require early clinical and laboratory 
identification [10–12]. Disordered eating behavior, body 
dissatisfaction, and weight-related stigma may addi-
tionally reinforce distress and unhealthy weight-relat-
ed behaviors [13–16]. Microbiome-related mechanisms 
have also been discussed in relation to female repro-
ductive health and the interaction between somatic 
and mental health [17, 18]. Perceived weight discrimi-
nation may further complicate adherence and psycho-
logical well-being in patients with obesity [19, 20].

In our previous study, women with subfertility 
and metabolic diseases frequently showed anxiety and 
depressive symptoms, as well as maladaptive auto-
matic thoughts related to body weight, eating behav-
ior, and self-esteem [21]. Beliefs such as “diets do not 
work”, “I will always be fat”, and “no one will love me 
because of my weight” may reinforce emotional over-
eating, distress, and low motivation for long-term life-
style change.

Cognitive behavioral therapy (CBT) is an evi-
dence-based approach for reducing anxiety, depressive 
symptoms, maladaptive behavior, and emotional regu-
lation difficulties [22–28]. For women with subfertility 
and metabolic disturbances, CBT may be especially rel-
evant because psychological factors can directly affect 
adherence to recommendations regarding nutrition, 
physical activity, and medical treatment.

Despite evidence supporting CBT in various men-
tal and behavioral disorders, its use in women with 
combined subfertility, metabolic disturbances, and 
psycho-emotional symptoms remains insufficiently 
studied. The aim of the study was to evaluate the ef-
fectiveness of a structured CBT program in correcting 
anxiety, depressive symptoms, cognitive distortions, 
and maladaptive eating behavior in subfertile women 
with metabolic disorders.

Material and methods

Study design and patients

This prospective randomized controlled trial with 
parallel groups was conducted as an interventional 
continuation of a previous observational stage that 
assessed psycho-emotional symptoms, cognitive diffi-

culties, and maladaptive automatic thoughts in wom-
en with subfertility and metabolic diseases [21]. During 
that stage, 314 women with primary or secondary sub-
fertility were identified among 609 patients with meta-
bolic disturbances.

A total of 240 eligible women were randomized in 
a 1:1 ratio to the CBT group or the control group. The 
CBT group received standard metabolic and reproduc-
tive care combined with a structured CBT program, 
whereas the control group received standard medical 
care only.

Inclusion criteria were female sex, age 25–44 years, 
confirmed primary or secondary subfertility, at 
least one diagnosed metabolic disturbance, and psy-
cho-emotional symptoms or maladaptive cognitions 
defined by PHQ-9≥5, GAD-7≥5, or clinically significant 
dysfunctional automatic thoughts. Exclusion criteria 
were severe psychiatric disorders, severe cognitive im-
pairment, concurrent structured psychotherapy, ina-
bility to attend weekly sessions, acute severe somatic 
decompensation, or pregnancy before intervention 
initiation.

Laboratory, anthropometric and 
clinical data collection

At baseline and after 12 weeks, all participants un-
derwent clinical, anthropometric, laboratory, and psy-
chological assessment. Clinical data included type of 
subfertility, metabolic disturbances, comorbidities, re-
productive history, and ongoing treatment. Anthropo-
metric assessment included body mass index and waist 
circumference.

Laboratory evaluation included fasting glucose, 
HbA1c, LDL-C, HDL-C, and triglycerides. Depres-
sive symptoms were assessed using PHQ-9, anxiety 
symptoms using GAD-7, and maladaptive automat-
ic thoughts related to body weight, eating behavior, 
self-esteem, and social rejection were analyzed during 
psychological assessment.

The CBT group received 12 individual weekly ses-
sions lasting 50–60 minutes. The program included psy-
choeducation, individual goal setting, identification 
and restructuring of dysfunctional thoughts, eating be-
havior modification, emotional regulation skills, stress 
management, and relapse prevention. The control 
group received standard gynecological, reproductive, 
and endocrinological care with lifestyle counseling.

The full five-stage assessment and correction algo-
rithm was described in our previous publication, which 
presented the results of the first two stages [21]. In the 
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present interventional study, the focus was placed on 
the implementation and evaluation of stages 3, 4, and 
5, including the formation of healthy behavioral strat-
egies, stress and emotional regulation, and relapse 
prevention. Primary endpoints were changes in PHQ-9 
and GAD-7 scores after 12 weeks. Secondary endpoints 
included changes in maladaptive automatic thoughts, 
readiness for behavioral change, emotional overeat-
ing, physical activity, dietary adherence, body mass in-
dex, waist circumference, fasting glucose, HbA1c, and 
lipid profile parameters.

Statistical analysis

Statistical analysis was performed after comple-
tion of the 12-week follow-up period using Microsoft 
Excel and SPSS Statistics. Quantitative variables are 
presented as means and standard deviations, and cate-
gorical variables as absolute numbers and percentages.

Distribution normality was assessed before select-
ing statistical tests. Within-group changes were analyz-
ed using the paired Student’s t-test or a non-parametric 
alternative when distributional assumptions were not 
met. Between-group differences were assessed using 
the independent samples Student’s t-test or the corre-
sponding non-parametric test. Categorical variables 
were analyzed by frequency analysis. Differences were 
considered statistically significant at p<0.05.

The sample size was determined by the available 
cohort selected after the preliminary observational 
stage. A total of 240 participants allowed randomi-
zation into two equal groups and provided sufficient 
power to assess clinically meaningful changes in the 
main psycho-emotional outcomes during the 12-week 
follow-up.

Results

Overall, at the initial stage of the study, 609 wom-
en with metabolic disturbances were screened. Dur-
ing the preliminary observational stage, primary or 
secondary subfertility was identified in 314 patients. 
After applying the inclusion and exclusion criteria, 
240 women were considered eligible for participation 
in the interventional stage of the study and were rand-
omized in a 1:1 ratio to the cognitive behavioral thera-
py group or the control group. Each group initially in-
cluded 120 participants. During the 12-week follow-up 
period, 112 women in the CBT group and 109 women in 
the control group completed the study. The study com-

pletion rate was 93.3% in the CBT group and 90.8% in 
the control group. The scheme of patient enrollment, 
randomization, and completion of study participation 
is presented in Figure 1.

Baseline demographic, anthropometric, clinical, 
and psycho-emotional characteristics are presented 
in Table 1. The groups were comparable in age, BMI, 
waist circumference, frequency of metabolic distur-
bances, PHQ-9, GAD-7, and MoCA scores, indicating 
adequate baseline balance before the intervention. The 
therapeutic intervention represented the practical im-
plementation of stages 3, 4, and 5 of the previously de-
scribed CBT-based algorithm. 

These stages included the formation of healthy 
behavioral strategies through self-monitoring, food 
diaries, gradual physical activity, and alternatives to 
emotional overeating; stress and emotional regulation 
using relaxation, mindfulness, work with overeating 
triggers, and impulse-control techniques; and support 
with relapse prevention through action plans, analysis 
of relapse factors, long-term follow-up, regular ses-
sions, and remote support.

PHQ-9 scores decreased from 8.2±1.9 to 4.1±1.6 in 
the CBT group, compared with a smaller decrease from 

609 women with metabolic disorders screened

240 eligible for interventional phase

314 women with subfertility identified

Randomized

CBT group
n=120

Control group
n=120

Completed
n=112

Completed
n=109

Figure 1: Flowchart of patient enrollment, randomiza-
tion and follow-up.
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8.0±2.1 to 7.1±2.0 in the control group (p<0.001). GAD-7 
scores followed the same pattern, decreasing from 
11.4±2.3 to 6.2±2.0 in the CBT group and from 11.1±2.4 
to 10.2±2.3 in the control group (p<0.001). Figure 2 il-
lustrates the contrasting trajectories of PHQ-9 and 
GAD-7 scores, with a clear decrease in the CBT group 
and only minor changes in the control group.

Behavioral outcomes are presented in Table 2. After 
12 weeks, the CBT group showed fewer episodes of emo-
tional overeating, a marked increase in weekly physical 
activity, and better dietary adherence. Changes in the 
control group were smaller, indicating that the psycho-
therapeutic component strengthened the behavioral 
effect of standard lifestyle counseling.

At baseline, dysfunctional beliefs related to diet-
ing, body weight, dietary lapses, and rejection were 
common. After 12 weeks, these thoughts decreased 
substantially in the CBT group, whereas they remained 
close to baseline levels in the control group. The re-
duction in the frequency of maladaptive cognitive 
patterns is additionally presented in Figure 3. Visual 
comparison demonstrates a substantial decrease in the 
prevalence of dysfunctional beliefs in the CBT group 
compared with the control group, where the indicators 
remained close to baseline values.

Changes in metabolic parameters are presented in 
Table 3. At baseline, no statistically significant differ-
ences were found between the CBT and control groups 
for any metabolic parameter, indicating comparable 
initial metabolic status. After 12 weeks, the CBT group 
showed statistically significant improvements in BMI, 
waist circumference, fasting glucose, HbA1c, LDL-C, 
HDL-C, and triglycerides compared with baseline and 

with the control group. In contrast, no statistically sig-
nificant changes were observed in the control group 
between baseline and 12 weeks. The most pronounced 
anthropometric change was observed for waist circum-
ference, which decreased by 4.9 cm in the CBT group 
and by 1.2 cm in the control group.

Exploratory reproductive outcomes are presented 
in Figure 4. The CBT group showed a higher propor-
tion of spontaneous pregnancies, which may indicate 
a more favorable trend toward natural conception 
among women who received psychotherapeutic sup-
port. Although continuation of subfertility treatment 
was observed in both groups, it was higher in the con-
trol group. At the same time, control participants more 
often proceeded to an in vitro fertilization program, 
whereas women in the CBT group were less frequent-
ly referred to or chose IVF. Since these outcomes were 
exploratory, they should be interpreted cautiously and 
not as direct evidence of a reproductive effect of CBT.

Overall, CBT was associated with greater improve-
ment across psycho-emotional, cognitive, behavioral, 
and metabolic indicators than standard care alone. 
Exploratory reproductive outcomes suggested a favora-
ble trend toward spontaneous pregnancy in the CBT 
group, while IVF entry was more frequent in the con-
trol group.

Discussion

This study found that adding a structured 12-week 
cognitive behavioral therapy program to standard met-
abolic and reproductive care improved psycho-emo-

Table 1: Baseline characteristics of study participants.

Variable CBT group
(n=120)

Control group
(n=120) p-value

Age (years) 37.4±3.2 36.9±3.5 0.28

BMI (kg/m2) 31.8±3.9 32.1±4.1 0.56

Waist circumference (cm) 98.7±8.4 99.5±8.1 0.47

Type 2 diabetes 56 (46.7%) 58 (48.3%) 0.79

Obesity 87 (72.5%) 89 (74.2%) 0.76

Dyslipidemia 71 (59.2%) 69 (57.5%) 0.78

Metabolic syndrome 64 (53.3%) 62 (51.7%) 0.80

PHQ-9 8.2±1.9 8.0±2.1 0.52

GAD-7 11.4±2.3 11.1±2.4 0.41

MoCA 23.1±1.8 23.3±1.7 0.48
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tional, cognitive, behavioral, and metabolic outcomes 
in women with subfertility and metabolic disturbanc-
es. Compared with standard care alone, CBT was as-
sociated with larger reductions in PHQ-9 and GAD-7 
scores, fewer maladaptive automatic thoughts, less 
emotional overeating, greater physical activity, and 
better dietary adherence. Moderate improvements in 
BMI, waist circumference, glycemic control, and lipid 
profile were also observed.

These findings extend the previous observational 
stage of the study, which identified anxiety, depressive 
symptoms, cognitive distortions, emotional overeat-

ing, and unstable health-related habits as key thera-
peutic targets in this patient group [21]. The present re-
sults suggest that these targets can be modified within 
a time-limited CBT intervention when psychological 
care is integrated with routine medical management.

The reduction in depressive and anxiety symptoms 
is clinically relevant because emotional distress may 
undermine self-regulation, treatment adherence, and 
motivation to continue reproductive care. In women 
with subfertility, anxiety may be reinforced by uncer-
tainty, repeated treatment attempts, fear of failure, 
and perceived loss of control over the body. CBT may 

Figure 2: Changes in PHQ-9 and GAD-7 scores.

Table 2: Changes in behavioral outcomes.

Variable CBT
baseline

CBT
12 weeks

Control
baseline

Control
12 weeks

Emotional eating episodes/week 4.6±1.3 2.1±1.1 4.5±1.4 4.0±1.3

Physical activity (min/week) 78±32 152±45 81±30 96±34

Diet adherence score 4.2±1.5 7.1±1.7 4.3±1.6 5.0±1.5
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reduce these responses by addressing catastrophizing, 
avoidance, dysfunctional beliefs, and low tolerance of 
uncertainty [22–28].

A central effect of the intervention was the decline 
in maladaptive automatic thoughts, particularly be-
liefs related to the futility of dieting, irreversible excess 
weight, and anticipated rejection. Such cognitions may 
sustain learned helplessness, self-criticism, and re-
peated lapses in eating behavior. Their reduction sup-
ports the role of cognitive restructuring as a plausible 
mechanism of change.

Behavioral outcomes also improved in the CBT 
group. The decrease in emotional overeating and the 

increase in physical activity and dietary adherence in-
dicate that the intervention helped patients translate 
general lifestyle recommendations into more stable 
daily behaviors. This is important because standard 
counseling may be insufficient when patients experi-
ence anxiety, low self-efficacy, negative body image, or 
previous unsuccessful attempts to change weight-re-
lated behavior.

The metabolic improvements should be interpret-
ed as indirect effects of psychological and behavioral 
change rather than as a direct biological effect of CBT. 
Reduced emotional overeating, greater activity, im-
proved adherence, and lower psycho-emotional tension 

Table 3: Changes in metabolic parameters.

Parameter
CBT

baseline
CBT

12 weeks
Control
baseline

Control
12 weeks p

1 2 3 4 1,2

BMI 31.8±3.9 28.9±3.7 32.1±4.1 31.8±4.0 0.01

Waist circumference 98.7±8.4 93.8±7.9 99.5±8.1 98.3±8.0 0.003

Glucose 6.4±1.1 4.9±0.9 6.3±1.0 6.2±1.0 0.02

HbA1c 6.3±0.8 4.9±0.7 6.2±0.7 6.1±0.7 0.03

LDL-C 3.68±0.74 2.61±0.68 3.64±0.71 3.55±0.69 0.01

HDL-C 1.09±0.21 1.38±0.22 1.10±0.20 1.12±0.21 0.04

Triglycerides 1.96±0.43 1.32±0.37 1.91±0.41 1.84±0.39 0.02

Figure 3: Reduction of maladaptive cognitions.
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may together contribute to better waist circumference, 
glucose control, and lipid profile. The relatively short 
follow-up period means that these metabolic findings 
require confirmation in longer studies. These find-
ings should also be considered in the broader context 
of female metabolic and reproductive health, where 
endocrine, cognitive-behavioral, weight-stigma, mi-
crobiome-related mechanisms, and early child health 
programming may contribute to insulin resistance, 
inflammatory responses, metabolic dysregulation, re-
productive vulnerability, and difficulties in maintain-
ing long-term lifestyle changes [8–20, 29].

Exploratory reproductive outcomes suggested a fa-
vorable trend in the CBT group, mainly due to a higher 
proportion of spontaneous pregnancies, whereas IVF 
entry was more frequent in the control group and con-
tinuation of subfertility treatment remained high in 
both groups. 

These outcomes were not primary endpoints and 
should not be interpreted as proof that CBT directly 
improves fertility. More cautiously, they suggest that 
reduced distress and maladaptive beliefs may support 
engagement with reproductive care and may be com-

patible with a more natural-conception-oriented tra-
jectory in some patients.

An important strength of this study is that it con-
tinues the previous observational stage and evaluates 
the same clinically relevant targets within a prospec-
tive interventional design. This allows a more consist-
ent interpretation of CBT effects in this specific patient 
population. Additional strengths include baseline com-
parability of the groups and multidimensional assess-
ment of psychological, behavioral, anthropometric, 
metabolic, and exploratory reproductive outcomes.

Several limitations and gaps should be acknowl-
edged. The follow-up period was limited to 12 weeks, 
behavioral outcomes partly relied on self-reported 
data, and the intervention was assessed as a whole 
without separating the effects of individual CBT com-
ponents. In addition, reproductive outcomes were ex-
ploratory and cannot confirm a direct fertility-enhanc-
ing effect of CBT. Future studies should include longer 
follow-up, larger multicenter samples, and a more de-
tailed analysis of psychological, metabolic, endocrine, 
microbiome-related, and reproductive mechanisms 
underlying the observed changes.

Figure 4: Exploratory reproductive outcomes.
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Further research should assess the durability of 
these effects at 6 and 12 months, identify subgroups 
that benefit most from CBT, and compare individual, 
group, combined, and digital formats of psychological 
support. 

Conclusions

The 12-week CBT program demonstrated clinical 
effectiveness as an adjunct to standard metabolic and 
reproductive care in women with subfertility and met-
abolic disturbances.

CBT led to a more pronounced reduction in de-
pressive and anxiety symptoms and helped correct 
maladaptive weight-, eating-, and self-image-related 
cognitions that had been identified as key therapeutic 
targets in the previous observational stage.

The intervention improved behavioral self-regu-
lation, particularly by reducing emotional overeating 
and increasing physical activity and dietary adher-
ence, which was accompanied by favorable changes in 
anthropometric and metabolic parameters.

Exploratory reproductive outcomes suggested a 
higher tendency toward spontaneous pregnancy and 
natural conception in the CBT group, while IVF en-
try was more frequent in the control group; however, 
these findings require cautious interpretation and con-
firmation in longer follow-up studies.

Overall, the results support the use of CBT as part 
of interdisciplinary management for women with 
combined subfertility, metabolic disorders, and psy-
cho-emotional difficulties.
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