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Introduction: The aim of this study was to assess the relationship between the occurrence and number of T2DM complications with
sociodemographic (age, sex, habitation, education), clinical (duration of diabetes, HbAlc (%), BMI) and psychological (well-being,
sense of influence on the diabetes course, coping styles) variables.

Methods: A total of 2574 adult patients were assessed using The Sense of Influence on the Diabetes Course Scale, WHO-5 Well-Being Index,
and the Brief Method of Evaluating Coping with Disease. Hierarchical Regression Analysis was conducted with number of complications as
the dependent variable and three sets of variables entered in sequential steps: (a) sociodemographic; (b) clinical and (c) psychological factors.
Logistic regression analysis was used to examine the association of these variables with diabetes complications’ occurrence.

Results: A higher number of complications and higher odds ratios of occurrence of complications were associated with socio-
demographic and clinical variables, poor well-being, low perception of influence on the diabetes course, and an emotion-oriented
coping style. The logistic regression indicated that participants with HbAlc >7% (in comparison with HbAlc < 7%) and with high risk
of depression (in comparison with no risk of depression) had respectively 68% and 86% higher odds of developing complications.
Discussion: The number of complications has weak but statistically significant relations with psychological and clinical factors.
Conclusion: The results support the rationale of including the psychosocial factors in the context of diabetes management.
Keywords: type 2 diabetes, glycemic control, psychosocial factors, HbA ., diabetes complications, well-being

Introduction

Epidemiological data indicate a global increase of diabetes prevalence and estimate the number of patients at
415 million." Despite having access to appropriate diagnostic and treatment methods, a significant number of patients
with type 2 diabetes mellitus (T2DM) do not comply optimally with therapeutic recommendations (in particular with
appropriate diet and exercise) and have long-term excessively high blood glucose levels, which leads to serious
complications related to angiopathic, neuropathic, nephropathic, and retinopathic changes. The number of complications
has rarely been considered in studies, despite being an important indicator of the severity of diabetes and risk of
mortality. A study by Young et al® has shown that people with 1 complication did not have an increased risk of death,
while in patients with 2 complications, the risk of death was almost double (hazard ratio [HR] = 1.90, 95% confidence
interval [CI] = [1.27-2.83]); in people with 4 complications, it was almost 3.5-fold greater, and in people with 5 or more
complications it was over 7 times higher. The analysis of the operating characteristic curves showed that both the
Diabetes Complications Severity Index and the simple complication rate are good predictors of mortality?.

It is worth noting that according to the recent guidelines of the American Diabetes Association,
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Building positive health behaviors and maintaining psychological well-being are foundational for achieving diabetes treatment
goals and maximizing quality of life.®

There are only a few studies that take into account the relationship between psychosocial factors and the number of
diabetes complications. A study by Lang et al* is one of the few that assessed this relationship. Among 10,246
consecutive patients with T2DM aged >40 years (M = 65.7; SD = 10.05) and suffering from diabetes for >3 years
(M = 7.00; SD = 5.00), complications were observed in 53.1% (polyneuropathy [32.4%], cardiovascular diseases
[17.2%], retinopathy [5.6%], nephropathies [5.6%], nonhealing wounds [3%], amputation [0.9%]).* The mean number
of complications was 1.5 (SD = 1.95). There was a weak but significant correlation of the number of complications with
age only (Spearman rho = 0.15; p < 0.001), but few variables, including no psychosocial ones, were controlled. In a study
by Habtewold et al,> only depression was found to be associated with >3 complications; Nouwen® also found 2-way
relationships between depression and the number of complications. Other studies have shown that when diabetes duration
is controlled, the rates of hypoglycemia, rates of cardiovascular complications, and mortality increase sharply with age,
but the rates of microvascular complications remain stable or decrease.’

Only few studies have so far investigated the number of diabetes complications. Most of the work to date has focused
on identifying factors related to the occurrence of individual complications (eg, cardiovascular and vascular). The
greatest attention was paid to depression and its associations with vascular complications. A meta-analysis of 9 long-
itudinal studies involving over 1 million patients from 5 countries has found that depression was associated with a 38%
increase in risk of macrovascular complications (HR = 1.38; 95% CI: 1.30-1.47) and 33% risk of microvascular
complications (HR = 1.33; 95% CI: 1.25-1.41).° A meta-analysis of 27 cross-sectional studies revealed significant
associations of depression with retinopathy, nephropathy, neuropathy, macroangiopathy, and sexual dysfunctions.®
A literature review suggests a bidirectional relation between depression and the occurrence of diabetes complications.
Results of a study of 385 patients with T2DM, among whom depression was diagnosed in 37.6%, suggest the presence of
the following risk factors: diabetic foot, cardiovascular diseases, eye complications and erectile dysfunction.” The
occurrence of depression was not related to age, sex, duration of diabetes, and glycated hemoglobin (HbA.) levels. In
a similar study involving 264 people with T2DM, depression was diagnosed in 44.7% of patients, and the results’
analysis showed that the risk factors included: low monthly income per family, presence of >3 diabetes complications,
presence of diabetic nephropathy, negative life events, and low level of social support.” As suggested in a study by Tyagi
et al,'” obesity in T2DM patients may be associated with a higher risk of developing stress and depression.

As shown above, psychological factors beyond depression are rarely taken into account in studies on diabetic
complications. As far as clinical variables are considered, attention is also drawn to the fact that the duration of diabetes
is an important factor in the pathogenesis of complications.''"* Sociodemographic variables constitute an important
group of factors that are rarely analyzed in the context of diabetes complications. Sociodemographic factors associated
with the risk of diabetes complications are mainly age and sex.”'*'> For example, it has been shown that men with
diabetes are at greater risk of developing vascular complications than women; other sociodemographic variables, such as
age and place of residence, were not significant predictors of vascular complications."*

The analysis of literature used to develop the Psychodiabetic Kit'® shows that apart from depression, also styles of
coping with stress and, above all, the perception of self-influence on the disease course, are among the most important
psychological factors related to diabetes management.'® It is worth mentioning that with appropriate therapeutic
interventions, psychological factors accompanying diabetes can be significantly improved, which was proved in the

study by Jiang et al,'’

with 265 type 2 diabetes patients. In comparison to routine education, the self-efficacy-focused
structured education program (SSEP) resulted in increasing diabetes self-efficacy, diabetes self-management behaviors,
diabetes knowledge and reducing diabetes distress during the 12-month follow-up. Sustainable benefits in low-density
lipoprotein, HbAlc level, waist circumference, and total cholesterol were also noted.

Perception of self-influence on the disease course is defined as

The extent of belief about one’s own abilities to shape the disease course.'®
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Patients’ lifestyle and compliance with medical recommendations have an impact on the course of the disease. Taking
pro-health measures by patients and their involvement in the therapeutic process depend on their perception of self-
influence on the diabetes course. The usefulness of this concept has been confirmed in other studies, where it was related
to the management of disease in patients with schizophrenia and in those receiving dialysis therapy.'® '

Coping is most strongly associated with perception of self-influence on the disease course. The lack of it or a very low
perception of self-influence on a stressor implies activation of avoidance or emotion-oriented coping. Coping is an adaptation
activity that takes effort and aims to diminish physical, social, or psychological burdens linked to stressful life events.**?
According to the authors of one of the most frequently cited study, coping styles can be classified as emotions-oriented,
avoidance-oriented, or task-oriented.”® This classification was expanded by the best solution—oriented coping style.'®** The
coping styles mentioned above can be further divided into maladaptive (emotions, avoidance) and adaptive (task, best
solution). The use of task-oriented coping styles or a search for the best solution requires experiencing some degree of sense
of influence on the disease, and the lack of it is associated with the use of emotions-oriented or avoidance-oriented styles. The
concepts of the perception of self-influence on the disease course and coping styles have been used in research on diabetes.
Results from a study of a large group of people with T2DM have indicated that patients who had problems with adherence to
treatment when switching from human insulin to its analogues had a low perception of self-influence on the disease course
and used maladaptive coping styles.”> A series of studies has shown that people using maladaptive coping styles and those
who have a low sense of perception of self-influence on the disease course choose less advanced insulin injectors than people
with a high perception of self-influence on the disease course and using adaptive coping styles.”*?’ In people with T2DM,
a low perception of self-influence on the disease course is associated with high HbA . levels, while a high perception of self-
influence on the disease course is related to a lower risk of excessive body-mass index (BMI) in this group of patients.*®

Aim

The aim of this study was to assess the relationship between the number of complications of diabetes with psychological
factors (well-being, sense of influence on the diabetes course, coping styles), sociodemographic variables (age, sex,
education, place of residence) and clinical variables (disease duration [years], BMI [kg/mz], HbA . [%]).

Materials and Methods

This work is a part of the project “Psychosocial factors related to adherence to the recommendations of therapy with two-phase
insulin analogues”.*> A previous article presents the relationship between well-being, coping styles, perception of self-influence
on the diabetes course as well as sociodemographics with HbA 1¢ and BMI among people with advanced type 2 diabetes.?® This

study is the second part of the data analysis and focuses on factors related to the number of diabetes complications.

Study Design

An observational study was carried out during regular visits, conducted by 343 doctors experienced in clinical studies.
The outpatient clinics operated by the researching physicians were situated all over Poland. The study enrolled 2574
consecutive adult participants with T2DM.

Diabetes was diagnosed according to the Polish guidelines;*’ thus, the sample included patients with symptoms of
hyperglycemia and random blood glucose concentration >200 mg/dL (=11.1 mmol/L) or fasting glucose >126 mg/dL
(>7.0 mmol/L, based on 2 measurements on separate occasions), or blood glucose at 120 minutes during an oral glucose
tolerance test (OGTT) >200 mg/dL (>11.1 mmol/L). Patients had to be adults and were selected using diagnostic criteria
of the International Statistical Classification of Diseases and Related Health Problems (ICD-10) for the non—insulin-
dependent diabetes mellitus (E11).>° The other inclusion criteria were: accessibility of data on HbA;. (%) levels and
a switch to treatment with an insulin analogue after previous use of human insulin mixtures. The study was conducted
during standard medical visits between days 1 and 61 of treatment with insulin analogues; thus, it is highly possible that
the HbA . (%) levels analyzed were from the period of treatment with human insulin mixtures. The number of patients
who declined participation in the study was not controlled.
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Ethical Considerations

The protocol of the study was approved by the Bioethics Committee of the Medical University of Warsaw, Poland. All
patients were presented with oral and written information about the research. All participants gave their written informed
consent after a thorough explanation of the procedures involved and prior to participation/inclusion in the study. The
study conformed to the principles outlined in the Declaration of Helsinki.*'

Research Tools and Measurements

Data on sociodemographics, disease course and course of treatment were collected from patients’ medical records and included
information about age, sex, level of education, place of residence, height and weight, duration of diabetes, HbA . levels (%),
presence and type of diabetes complications, previous treatment with human insulin, treatment duration (years), current treatment
with insulin analogues, and date of therapy change. BMI (kg/m?) was calculated based on height and weight data obtained from
medical records. The study was conducted during regular medical visits; therefore, the measurement of psychological factors was
limited to brief methods. Tools used to measure psychological variables are recommended by the Polish Diabetes Association,
they have also been extensively described in literature, and presented during conferences and workshops for physicians.

Therefore, most of the Polish doctors were familiar with the measurement methods, which included:
1. The Sense of Influence on the Diabetes Course - A Clinical Assessment Scale (see Supplement 1).

The clinical assessment of the sense of patients’ influence on the diabetes course was assessed by a physician on the Likert scale,

which was used when creating the Brief Measure to Assess Perception of Self-Influence on the Disease Course, version for

diabetes.>? The physicians’ evaluation score was based on the clinical knowledge of the patient and ranged from 0 to 4, where 0

represented the lowest possible sense of influence (no influence), and 4, the highest sense of influence on the diabetes course.
A more detailed description of the ranges is the following:

0 — Very low sense of influence: patients passively undergo treatment or avoid it, do not attach importance to their
health condition, have unreflective expectations of simple and uncomplicated recommendations, do not see the relation-
ship between their own behavior (forgetting about medications, forgetting about visits) and their health, refuse to
participate in educational activities, do not adhere to dietary and exercise recommendations.

4 — Very high sense of influence: patients are interested in their disease and its treatment and actively participate in it,
they use the available methods of education and are aware of the possibility of reducing the risk of complications by

systematically following all therapeutic recommendations.
2. WHO-5 Well-Being Index (5 questions).

The WHO-5 Well-Being Index was initially used mainly in the diagnosis of depression in the general population of elderly
people at risk of developing mental disorders.* Currently, it is a tool with a wide range of applications, including the international
study of Diabetes Attitudes Wishes and Needs and Diabetes Attitudes Wishes and Needs 2 (DAWN2).>*>* The use of the WHO-
5 Well-Being Index to assess the outcomes of psychiatric treatment in a day ward was also described; the tool was used as one of
the methods of assessing depression in the international study of this mood disorder in diabetes.>*>’

A recent study indicated that the Polish version of the WHO-5 Well-Being Index is a reliable and valid outcome
measure for outpatients with T2DM, and can be useful in screening for depression in diabetic patients.*® The sensitivity
of this scale for depression screening is 93%, and specificity, 64%. In our study, the reliability of the WHO-5 Well-Being
Index was high (Cronbach o = 0.876).

The following score ranges were indicated for the risk of depression: >13 points — no risk of depression; 8—13 points —
requiring clinical verification of depression; <7 points or at least one of the questions rated with 0 or 1 — high probability of
depression.

3. Brief Method of Evaluating Coping with Disease.'®**
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The questionnaire consists of 4 descriptions of stressful situations and 4 possible answers — alternative behaviors, which
correspond to 4 styles of coping with stress, focused on: avoidance, emotions, task, and search for the best solution.
Reliability for individual styles of coping with stress, measured with the Cronbach coefficient, in the version for men is:
o = 0.67 for the avoidance-oriented style; 0.68 for the emotions-oriented style; 0.75 for the task-oriented style, 0.59 for
the best solution—oriented style. In the version for women, these values are, respectively, 0.65, 0.67, 0.71, and 0.55.
For the purpose of this study, 2 items were distinguished, the total results of which correlate to the greatest extent
with the result of the entire questionnaire. The 2 selected questions concern the attitude towards health and social
problems. In some of the analyzes, responses to questions were aggregated, distinguishing between adaptive (task-
oriented and best solution—oriented), maladaptive (avoidance-oriented and emotions-oriented), and mixed styles.

4. BMI (kg/m?).
BMI was calculated based on height and weight data obtained from patient medical records.
5. HbA . levels.

HbA | levels reflect the mean blood glucose concentration for about 3 months after the test, with the majority (about
60%) of HbA . (%) being produced in the last month before the measurement.

Statistical Analysis

Categorical data were presented as numbers (N) and percentages (%). Continuous data (eg, disease duration in years) were
presented as mean (M) and standard deviation (SD), median (Me), lower (Q1) and upper quartiles (Q3), and extreme values
(Min-Max).

First, multiple regression analysis was performed using a hierarchical method to verify the possibility associations
between complications in patients with diabetes and the clinical and sociodemographic variables, psychological factors
(depression risk measured with the WHO-5 Well-Being Index, level of sense of influence on the diabetes course, and
coping styles). In the first step, the following sociodemographic characteristics were introduced to the regression
analysis: age, sex, place of residence (rural areas, town, city) and the level of education (primary, secondary, higher).
In the next step, clinical variables were introduced into the model: duration of diabetes (years), HbA . (%) levels, and
BMI (kg/m?). The variables measured on the ordinal scale (eg, place of residence) were recoded using the Dummy
Coding method (coded variables: 0 = no, 1 = yes). Finally, the designed model included WHO-5 Well-Being Index
results, degree of sense of influence on the diabetes course and coping styles to assess a unique contribution of these
psychological factors in explaining variance in the number of complications of diabetes.

The variance inflation factors (VIFs) were estimated to detect the degree of multicollinearity between independent variables
(IV) in regression analysis. VIFs are standard statistics to evaluate artificial inflation of the variance of a regression coefficient.
A rule of thumb is that VIF >10 indicates multicollinearity.>> A higher value of VIF indicates a more problematic collinearity
between variables.*® However, there is no clear consensus on the permissible threshold value of VIFs. For example, Hair suggests
that even VIFs >4 indicate a possible problem with multicollinearity.*’ In this study, the maximum value of VIF was 3.65 . These
results allow us to assume that there is no multicollinearity among the explained variables.

A logistic regression analysis was also performed to determine the relationship between the sociodemographic
variables (sex, age, place of residence, level of education), medical characteristics (HbA . level [%], duration of diabetes
[years], BMI [kg/m?]), psychological factors (risk of depression, sense of influence on the diabetes course, coping styles),
and occurrence of complications among patients with T2DM.

While linear regression model is used to assess relationships between IVs and outcome variable expressed as continuous
variable (number of diabetes complications), logistic regression is applied to assess relationships of IVs with categorical variables
(the odds/probability of occurring diabetes complications).*' Thus, linear regression is useful for regression problems whereas
logistic regression is applicable for classification tasks mainly. Logistic regression is commonly used in healthcare to identify
factors related to diseases and plan preventive measures.*> Moreover, unlike linear regression, the relationships between the IVs
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and outcome variables (dependent variables; DV) is not presumed to be a linear function.** The relationship between the outcome
and the IV is specified by an odds ratio (OR) instead of a multiplicative factor. Simple comparisons of values of ORs for various
IVs allow to identify the most important factors for outcome variable.** It is important to notice that the independent variables
included in a regression analysis are commonly called predictor variables or predictors,*' but in this study, the term “effect” refers
to a correlation pattern, not necessarily to causal relations.

The logistic regression model included dummy variables for:

e Sex — males as the reference group;

Place of residence — rural area as the reference group;

Education level — primary education as the reference group;
HbA . level — HbA . <7% as the reference group;
Risk of depression — “no risk of depression” as the reference group;

Coping style — “emotions-oriented style” as the reference group.

All statistical analyses were performed with SPSS, version 27 for Windows.** The level of significance was set at p <
0.05 in all statistical tests.

Results

Sociodemographic and Psychological Characteristics and Health Profile of the Sample
The study included a large sample (N = 2574) spanning a wide age range (22-94 years), with a mean age of 63.58 years (SD =
9.58). The study sample consisted of 1381 women (53.7%) and 1171 men (45.5%) with T2DM, after a switch in treatment from
human insulin mixtures to an insulin analogue. More than half of the patients (51.8%) had a secondary level of education, 34.3%
had primary education and 13.2% had higher education. 35% of participants were living in cities, 38.8% in towns, and 25.3% in
rural areas.

The duration of treatment for T2DM in the study sample ranged from 2 to 43 years (M = 10.24; SD = 6.10), with the minimum
duration of 4 months and the maximum of 74 years. The BMI ranged from 16.18 to 56.19 kg/m? (M = 29.69; SD = 4.41).
Overweight occurred among 45.1% patients with diabetes, obesity occurred among 41.6% and only 11.1% of participants were of
normal weight. The HbA . level ranged from 4.10% to 15% (M =7.99; SD = 1.11). The number of complications ranged from 0 to
4 (M = 1.16; SD = 1.06) and no complications of diabetes were reported by 31.1% of patients. Only 19 patients (0.7%) had
simultaneously no complications, their BMI level was normal, and their HbA . level was below 7%.

The majority of patients were not at risk of depression (69%), but among about 30% participants, the risk of
depression was identified (M = 15.36; SD = 4.65). The majority of participants used a mixed coping style (54.4%). On
the Scale of Clinical Assessment of the Sense of Influence on the Diabetes Course, participants’ scores ranged from 0 to 4
points (M = 2.56; SD = 0.96). Detailed statistics are presented in Table 1.

The Three-Step Hierarchical Regression Analysis for the Number of Diabetes

Complications

Multiple regression analysis using a hierarchical method indicated that the psychological factors (risk of depression,
sense of influence on the diabetes course, coping style) were important factors for of the number of diabetes complica-
tions, F(15, 2289) = 46.41; p < 0.001 when clinical and sociodemographic variables were included in the model.

The hierarchical multiple regression at step one revealed that sociodemographic variables significantly contributed to the
regression model, with F (6, 2298) = 44.18 and p < 0.001, and accounted for about 10% of the variance of the number of
diabetes complications. Furthermore, the analysis indicated that inclusion of the clinical variables into the model explained
additional 11% of variation in the number of diabetes complications and made a significant change in the R? parameter:
AF (3, 2295) = 105.42, p < 0.001, AR? = 0.11. Inclusion of psychological factors explained an additional 2.1% of variation
in the dependent variable (DV). The change in the R? was significant: AF (6, 2289) = 10.54, p < 0.001, AR? = 0.019.
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Table | Sociodemographic, Clinical, and Psychological Characteristics of Patients with Type 2
Diabetes Mellitus in the Study Sample (N = 2574)

Sociodemographic Statistics Value
Characteristics
Age Mean (SD) 63.58 (9.58)
Median 64
Quartiles (QI, Q3) 58, 70
Min-Max <22; 94>
Category Frequency (%)
Education Primary 884 (34.3%)
Secondary 1333 (51.8%)
Higher 340 (13.2%)
Residence Rural 651 (25.3%)
Town 998 (38.8%)
City 902 (35%)
Clinical characteristics Statistics Value
Duration of diabetes (years) | Mean (SD) 10.24 (6.10)
Median 10
Quartiles (QI, Q3) 6,13
Min-Max <0.3; 74>
BMI (kg/m?) Mean (SD) 29.69 (4.41)
Median 29.23
Quartiles (QI, Q3) 26.89, 32.01
Min-Max <16.18; 56.19>
Category Frequency (%)
Underweight 5 (0.2%)
Normal (healthy weight) 285 (11.1%)
Overweight 1160 (45.1%)
Obese Class | (Moderately obese) 794 (30.8%)
Obese Class Il (Severely obese) 223 (8.7%)
Obese Class Ill (Very severely obese) 54 (2.1%)
HbA, . Statistics Value
Mean (SD) 7.99 (1.11)
Median 7.90
Quartiles (QI, Q3) 7.30, 8.50
Min-Max <4.10; 15.00>
Category Frequency (%)
<7 419
>7 2155
Diabetes complications Statistics Value
Mean (SD) 1.16 (1.06)
Median 1.00
Quartiles (Ql, Q3) 0,2
Min-Max <0; 4>
Category Frequency (%)
Macroangiopathy 1150 (44.7%)
Retinopathy 859 (33.4%)

(Continued)
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Table | (Continued).

Sociodemographic Statistics Value
Characteristics
Nephropathy 270 (10.5%)
Neuropathy 717 (27.9%)
Psychological characteristics | Category Frequency (%)
Coping style Mixed/undifferentiated 1337 (54.4%)
Avoidance-oriented 300 (12.2%)
Task-oriented 367 (14.9%)
Best solution—oriented 248 (10.1%)
Emotions-oriented 206 (8.4%)
WHO-5 Well-Being Index Statistics Value
Mean (SD) 15.36 (4.65)
Median 15.00
Quartiles (QI, Q3) 12.25, 18.75
Min-Max <0; 25>
Category Frequency (%)
No risk of depression (>13) 1775 (69%)
Requiring clinical verification (8-13) 582 (22.6%)
High risk of depression (<7 score or at least one of the 166 (6.4%)
questions rated 0—I point)
Sens of influence on the Statistics Value
diabetes course
Mean (SD) 2.56 (0.96)
Median 3.0
Quartiles (Ql, Q3) 2.0, 3.0
Min-Max <0; 4>

Note: The percentages do not sum up to 100, since the respondents could choose more than one answer or none.

Finally, the analysis showed that sex was significantly associated with the number of diabetes complications (f = —0.09,
t =—4.88, p <0.001), with females having fewer complications than males. It was shown that the older the age, the more
diabetes complications are present (B = 0.15, ¢ = 7.26, p < 0.001). Participants with a higher education level had
significantly fewer complications than patients with primary education (§ = —0.06, ¢t = —2.73, p = 0.006). The higher the
HbA . (%) levels and BMI (kg/m?) and the longer the duration of diabetes (years), the more complications of diabetes were
observed.

Also, psychological factors turned out to be significant variables related to the number of diabetes complications. It
was shown that the higher the WHO-5 Well-Being Index and sense of influence on the diabetes course, the smaller the
number of diabetes complications (f = —0.10, = —4.88, p < 0.001 and B = —0.05, # = —2.08, p = 0.038, respectively).
Participants with mixed and best solution—oriented coping styles had significantly fewer complications than patients
with an emotions-oriented coping style (B = —0.07, t = —2.12, p = 0.034 and f = —0.05, t = —1.97, p = 0.048,
respectively).

Detailed statistics are presented in Table 2.

Odds Ratios for Occurrence of Complications Among Patients with T2DM

The logistic regression model including sociodemographic characteristics was statistically significant, x2(6) = 235.90, p <
0.001. The model explained 14.1% (Nagelkerke R?) of the variance of complications in diabetes mellitus. Overall,
sociodemographic background allow to correctly classify 72.4 cases.
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Table 2 A Summary of the Three-Step Hierarchical Regression Analysis for the Number of Diabetes Complications Among Patients
with Type 2 Diabetes Mellitus in the Study Sample (N = 2574)

Sociodemographic Model | Model 2 Model 3
Variables
B (SE) B t B (SE) B t B (SE) B t VIF

Sex? —0.17 (0.04) | —0.08 | —3.93** | —0.19 (0.04) | —0.09 | —4.57** | —0.20 (0.04) | —0.09 | —4.88*% | 1.06
Age 0.03(0.002) 0.27 | 13.30% | 0.02 (0.002) 0.17 8.24%%* 0.02 (0.002) 0.15 7.26%F | 125
Residence®

Town —0.02 (0.06) | —0.0l -0.36 —0.06 (0.05) | —0.03 =1.12 —0.06 (0.05) | —0.03 —1.14 1.74

City 0.05 (0.06) 0.02 0.85 —0.02 (0.06) | —0.01 —-0.30 —0.01 (0.06) 0.00 -0.19 1.84
Education®

Secondary 0.38 (0.51) —0.08 | —3.19** | —0.13 (0.05) | —0.06 | —2.71** —0.09 (0.05) | —0.04 | —1.93~ 1.51

Higher 0.20 (0.07) —0.13 | —=5.29%% | -0.29 (0.07) | —0.09 | —4.16** | —0.19 (0.07) | —0.06 | —2.73% | |.55
Clinical variables
Duration of diabetes 0.06 (0.003) 0.33 16.47* | 0.06 (0.003) 0.33 16.61% | .15
HbA . (%) 0.28 (0.06) 0.10 5.10%¥k* 0.25 (0.05) 0.09 4.63% | 1.02
BMI (kg/m?) 0.02 (0.005) 0.08 4.10%%* 0.02 (0.01) 0.07 3.80%% | 1.04
Psychological variables
WHO-5 Index results —0.02 (0.01) | —0.10 | —4.88*% | [.24
Sense of influence on the —0.05 (0.03) | —-0.05 | —2.08* 1.50
diabetes course
Coping style®
Mixed/undifferentiated —0.16 (0.8) -0.07 | —2.12% | 3.65
Avoidance-oriented —0.04 (0.09) —-0.01 —0.46 2.16
Task-oriented —0.16 (0.09) | —0.05 | —1.82~ | 2.68
Best solution—oriented —0.19 (0.10) —0.05 | —1.97% | 2.27
Model summary R? = 0.103, R%,4 = 0.101 R?=0.212, R%4 = 0.209, R? = 0.233, R%,4 = 0.228, AR” =0.02|

F(6, 2298) = 44.18*+* AR?=0.109 F(15, 2289) = 46.4|***
F(9, 2295) = 68.6 ¥+ AF(6, 2289) = 10.54%+*
AF(3, 2295) = 105.42%

Notes: Factors were represented as dummy variables: *Males as the reference group, ®Rural areas as the reference, “Primary education level as the reference, “Emotions-
oriented style as the reference. A dummy variable is compared with the reference group. The positive regression coefficient means that income is higher for the dummy
variable than for the reference group; a negative regression coefficient means that income is lower. Ap = [0.05-0.10]; *p < 0.05; **p < 0.01; ***p < 0.001.

The second model added 3 clinical factors, which increased the explanatory power of the model to about 26.1% of the
variance, and the classification accuracy reached 75.3%. All clinical factors had significant associations with occurrence
of complications: HbA ;. (%) levels, duration of T2DM (years), and BMI (kg/m?) (p < 0.001 in all cases). Model 2 shows
that when clinical variables are added to the model, sociodemographic factors are still significant for occurrence of
T2DM complications (see Table 3). When clinical factors were included into the model, it turned out that patients living
in cities had lower odds of having complications than those living in rural areas (OR = 0.654).

The logistic regression model including sociodemographic characteristics and clinical and psychological factors
(Model 3) was statistically significant: y*(16)=497.97, p < 0.001. The final model explained 28% (Nagelkerke R?) of the
variance of complications in diabetes mellitus and correctly classified 75.8% of cases.

Females had lower odds to exhibit complications of diabetes mellitus than males (OR = 0.677). Age increase was
associated with increased odds of complications in diabetes (OR = 1.045). Patients living in towns and cities had
significantly lower odds of suffering complications (OR = 0.655 and OR = 0.657, respectively) than patients from rural
areas. It was also shown that patients with a higher level of education had lower odds of complications than patients who
completed only primary education (OR = 0.624).
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Table 3 Logistic Regression of Sociodemographic, Clinical, and Psychological Variables and the Occurrence of Complications of Type 2

Diabetes Mellitus in the Study Population (N = 2574)

Sociodemographic Variables Model | Model 2 Model 3
B(SE) OR B(SE) OR B(SE) OR
Constant —2.76 (0.37)**+* 0.064 —4.72 (0.56)*** 0.009 —3.44 (0.64)**+* 0.032
Sex? —0.29 (0.10)** 0.746 —0.37 (0.10)*** 0.688 —0.39 (0.1 1)y*+* 0.677
Age 0.07 (0.01)y*+* 1.069 0.05 (0.01)**+* 1.048 0.04 (0.01)y*+* 1.045
Residence®
Town —0.32 (0.13)* 0.729 —0.41 (0.14)** 0.666 —0.42 (0.14)** 0.655
City —0.28 (0.14) 0.759 —0.42 (0.15)** 0.654 —0.42 (0.15)** 0.657
Education®
Secondary —0.16 (0.12) 0.852 —0.09 (0.13) 0.915 —0.01 (0.13) 0.993
Higher —0.78 (0.16)*** 0.456 —0.61 (0.17)*F** 0.541 —0.47 (0.18)** 0.624
Clinical variables
HbA, ¢ 0.57 (0.14)*+* 1.763 0.52 (0.14)*+* 1.683
Duration of diabetes 0.15 (0.01)*** I.161 0.15 (0.01)*** 1.162
BMI (kg/m?) 0.05 (0.01)**+* 1.050 0.05 (0.01)y*+* 1.048
Psychological variables
Sense of influence on the diabetes course =0.17 (07)** 0.843
WHO-5 Index results®
Risk of depression 0.05 (0.13) 1.055
High risk of depression 0.62 (0.28)* 1.858
Coping style'
Mixed/undifferentiated —0.73 (0.23)** 0.482
Avoidance-oriented —0.67 (0.27)* 0513
Task-oriented —0.86 (0.26)*** 0.424
Best solution—oriented —0.43 (0.28) 0.651
—2LL 2543.20 231991 2281.13
Nagelkerke pseudo R? 0.141 0.261 0.280
%2 x*(6) = 235.90, p < 0.001 x4(9) = 459.19, p < 0.001 x(16) = 497.97, p < 0.001
Hosmer—Lemeshow test x*(8) = 6.00, p = 0.647 x*(8) = 15.63, p = 0.048 x*(8) = 7.76, p = 0.458
Classification accuracy 72.4% 75.3% 75.8%

Notes: Factors were represented as dummy variables: *Males as the reference group, *Rural area as the reference, “Primary education level as the reference, ®HbA . <7% as
the reference, *No risk of depression as the reference, Emotions-oriented style as the reference. A dummy variable is compared with the reference group. The positive
regression coefficient means that income is higher for the dummy variable than for the reference group; a negative regression coefficient means that income is lower. *p <
0.05; *p < 0.01; **¥p < 0.001.

The ORs for clinical variables indicated that patients with HbA. >7% had about 68% higher odds of diabetes
complications than participants with HbA ;. <7% (OR = 1.683). When duration of diabetes (years) and BMI (kg/m?)
are considered, an increase in the odds of occurrence of complications (about 16% and 5%, respectively) can be seen.

Patients at high risk of depression had about 86% higher odds of the occurrence of complications (OR = 1.858) than
those without the risk of depression. Additionally, participants with mixed, avoidance-oriented, and task-oriented coping
styles had lower odds of complications of diabetes mellitus than patients using an emotions-oriented style. Detailed
statistics are presented in Table 3.

Discussion

The main aim of this study was to test the relationships between the number of complications in T2DM and socio-
demographic, clinical and psychological variables. An additional goal was to estimate, on the basis of the above-
mentioned variables, the odds ratios of prevalence of diabetes complications.
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In the part concerning the number of complications, sex, age, and the level of education turned out to be significant
factors associated with the number of complications. The results showed that females had fewer complications than
males. The older age was associated with more diabetes complications. Also, patients with primary school level
education had significantly more complications than those with higher education. This may indicate the need to adapt
educational materials for patients with a lower level of education. Also, disease-related variables remained significant
factors in the final model: the higher the HbA . level (%), the longer the diabetes duration (years), and the higher the
BMI (kg/m?), the more complications of diabetes. Although the relationships between the number of complications and
age as well as diabetes duration were the strongest in the regression model, the significant associations of psychological
variables with the number of complications of T2DM deserve special attention. The final regression model including all
of the mentioned variables explained about 23% variance of the number of diabetes complications, of which psycholo-
gical variables explained 2% of the variance. For comparison, in a previous study, a similar set of variables accounted for
only 7% of variance of HbA . levels and 3% of variance of BMI.?® It was shown that, considering psychological factors,
the strongest relationships were between well-being (lower risk of depression) and the number of complications. Namely,
the better the well-being, the fewer complications of diabetes. Moreover, the use of mixed and best solution—oriented
coping styles turned out to be associated with the presence of fewer complications than in the case of an emotions-
oriented coping style. A similar relationship strength was observed between the sense of influence on the diabetes course
and number of complications. The findings indicated that the lower the sense of influence, the more complications of
diabetes are reported.

According to our best knowledge, this is the first study to investigate the relationships of both- coping styles and the
sense of influence on the diabetes course with number of complications of T2DM. Its relevance in the context of diabetes
management, apart from depression and anxiety, has been confirmed while developing the Psychodiabetic Kit.'®

In a project study by Kokoszka,”® low sense of influence on the diabetes course and maladaptive coping styles were
found among patients with T2DM, who had problems with adherence to treatment when switching from human insulin to
its analogues. Also, maladaptive coping styles and low sense of influence on the diabetes course turned out to be
associated with choosing less advanced insulin injectors.?®*” Low sense of influence on the diabetes course in people
with T2DM additionally turned out to be associated with high HbAlc levels, while a high sense of influence on the
diabetes course was associated with lower risk of excessive BMI.?’

As already mentioned, despite the fact that certain studies considered perception of self-influence on the disease
course and coping styles, they did not analyze the number of complications and focused on diabetes-related emotional
distress*’ or treatment adherence.?’” Of note, the number of complications is crucial as it reflects disease severity, and
investigating factors associated with this variable seems justified. To the best of our knowledge, out of variables analyzed
in the present study, only exacerbation of depressive symptoms has been analyzed in the context of the number of
diabetes complications. In one of the few studies,*® the number of complications was significantly correlated with the risk
of depression, and the highest risk occurred in the case of 4 to 6 complications at baseline.

In our study, we were also interested in the odds of the occurrence of diabetes complications based on the
selected variables. While linear regression allows for estimation of the number of diabetes complications, logistic
regression enables classifying patients into one of two categories (complications vs no complications) using a given
set of independent variables. When it comes to the occurrence of complications of T2DM, sociodemographic
variables also turned out to be important factors. The results indicated that women had 32% lower odds to develop
complications than men, and the chance of complications increased by 4.5% with each year of life. This relationship
is consistent with results described by other authors.”-'*!'> Patients living in towns and cities had about 34% lower
odds to suffer from T2DM complications than those living in rural areas. This may result not only from poorer
access to advanced healthcare but also lower health awareness and knowledge about diabetes complications, which
was noticed in another Polish study®’ and might indicate the need to spread awareness of pro-health behaviors and
behaviors conducive to the development of diabetes complications among residents of rural areas. In line with the
mentioned study,*’” also a lower education level turned out to be a factor associated with occurrence of complica-
tions. Patients with higher education had about 38% lower odds of developing complications of diabetes mellitus
than those with a primary education level. Furthermore, for a one-unit increase in duration of diabetes (years) and
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BMI (kg/m?), the odds of occurrence of complications increased by, respectively, about 16% and 5%. Participants
with HbA . >7% had 68% higher odds of suffering from complications of diabetes mellitus than participants with
HbA . <7%. The odds of complications increased by about 86% in patients with poor well-being compared to those
who were not at risk of depression. Also, coping styles turned out to be significantly associated with increased odds
of complications occurrence. Mixed, avoidance-oriented, and task-oriented coping styles were associated with lower
odds of complications (about 52%, 49%, and 58%, respectively) compared with an emotions-oriented coping style.
This is a very important finding suggesting that efforts aimed at developing a task-oriented coping style and general
increase of problem-solving abilities are the key aspect of diabetes management. The ability to systematically
implement the established treatment plan and adapt to the current requirements of the situation is indeed one of the
conditions for effective coping.*®

The final regression model including all of the mentioned variables explained about 28% of the variance of
complications occurrence and correctly classified 75.8% of cases. Although we cannot infer on causality, it seems to
confirm the importance of psychological factors in the context of diabetes complications. The importance of psychosocial
variables in the context of diabetes complications was also emphasized by Hackett and Steptoe.*’

A meta-analysis by Nouwen et al® has shown that although the relationship between diabetes complications and
depression seems to be bidirectional, the risk of diabetes complications occurrence in people with depression is higher
than the risk of depression development in those with diabetes complications.” There are some reports suggesting
a beneficial effect of psychological interventions on glycemic control (eg, acceptance and commitment therapy”’ or
mindfulness-based stress reduction program’"); however, as concluded in available reviews, the impact of psychological
interventions aimed at treatment of depressive symptoms or modification of psychosocial stress factors remains unclear
and requires further investigation, especially in a long-term observation. Nevertheless, studies emphasize the significant
impact of psychological interventions on reducing the level of anxiety, depression, and diabetes-related distress in people
with T2DM.*~? Taking into account both the evidence from these reports and the results of our study, supplementing
diabetes management with supportive psychological interventions may have potentially significant benefits. Social
support may also be an important factor in addressing diabetes complications. In a systematic review by Strom and
Egede,>® higher social support turned out to be associated not only with reduced psychosocial symptoms but also with
better clinical outcomes and adaptation of beneficial lifestyle activities. It is worth noting that both estimation of the odds
for having complications and identification of the factors associated with the number of complications in T2DM are
important not only for improving the quality of life in the disease but also for reducing the risk of mortality.? Verification
of sociodemographic and clinical variables is relatively simple for a clinician, but the psychological assessment of
a patient is not routine during a standard medical visit, if only due to the limited time available. However, since
psychological variables are significant factors for complications and may constitute risk factors for their development, it
seems very important to assess this aspect of the patient’s functioning using the simplest and shortest methods possible,
available to people without specialist psychological education. For this reason, such tools were used in this study. Also,
due to time constraints during the standard medical visit, the amount of data on the course of the disease and its treatment
has been limited to the most relevant information.

The strength of our research is the large number of enrolled participants with advanced diabetes (treated for >3 years
in >90% of patients), which allowed us to assess the actual relationships of the studied psychological and socio-
demographic factors with the number of complications developed and observed clinically after a longer duration of
the disease. The analyzes concerned people treated with mixtures of human insulins when a decision was made to replace
the mixtures with insulin analogues. However, as this is a retrospective evaluation of the results of the pivotal study
aimed at assessing difficulties in using insulin analogues, the reasons for this decision were not controlled. It can be
assumed with high probability that the patients either did not have satisfactory treatment results, as shown by HbA .
levels >7% in 80.8% of individuals or had problems with adverse effects in the course of treatment with insulin mixtures.
In a study by Kokoszka,?® hypoglycemia was frequently reported in those patients (31.6%). Another limitation of our
study is the representativeness of the sample, which is difficult to assess, as the number of refusals was not recorded.
Patients who refused to participate in the study may have had more advanced depression or more severe symptoms of
T2DM. However, it seems important that the doctors who acted as interviewers included patients who were under their
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care and therefore knew them and had access to disease records. This can be beneficial in terms of the accuracy of the
information obtained.

Conclusion

1. The number of complications has weak but statistically significant relations with psychosocial and clinical factors,
including sociodemographic (older age, male sex, lower education level), clinical (high HbA,. level [%], long
duration of the disease [years], high BMI [kg/m?]), and psychological (poor well-being, low sense of influence on
the diabetes course, maladaptive coping styles).

2. Poorly educated people, living in rural areas, the elderly, those with a longer duration of the disease (years), men,
people with high BMI (kg/m?) and HbA . (%) levels, with poor well-being, low sense of influence on the diabetes
course, and using emotions-oriented coping styles are at higher odds for the onset of diabetes complications. The
logistic regression analysis model taking into account all the above mentioned variables accounted for almost 30%
of the variance.

3. The results support the thesis that assessment of the number of complications is a measure that reflects the severity
of the course of diabetes and that sense of influence on the disease course is an important psychological factor
related to the management of diabetes.
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