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Background: Dietary patterns are shaped by a combination of cultural traditions, socioeconomic conditions, and demographic characteristics. In Kazakhstan, rapid economic growth, urbanization, and globalization are influencing food consumption behaviors, with potential implications for public health. Aktobe, the third most populous city in the country, provides a relevant urban context to examine how socioeconomic and demographic factors influence dietary choices within a culturally diverse population.

Objective: Therefore, the aim of this study was to identify the principal dietary patterns among adults in Aktobe, Kazakhstan, using principal component analysis (PCA), and to examine the influence of socioeconomic, demographic, lifestyle, and health-related factors on adherence to these patterns.

Methods: This cross-sectional study was conducted in 2024 among 460 adults aged 18–65 years (210 women, 250 men) recruited from hospitals in Aktobe. Dietary intake was assessed using a culturally adapted food frequency questionnaire, with foods categorized into 11 groups. PCA identified dietary patterns, and negative binomial regression estimated prevalence ratios (PR) for associations between explanatory variables and dietary pattern adherence.

Results: Four dietary patterns were identified: Healthy foods (chicken, fish, green tea, dried fruits, onions), Traditional Kazakh (tea with milk, rice), Bar (processed meats, mayonnaise), and Energy-dense (refined pastries, sweets). Gender, age, and meal frequency were significant predictors. Women showed higher adherence to Healthy foods and Energy-dense patterns, while younger adults adhered less to the Traditional Kazakh pattern but more to the Bar pattern. Shorter intervals between meals and not skipping breakfast were associated with Healthy foods adherence. Oral health, absence of chronic diseases, and better functional status correlated with healthier patterns.

Conclusion: Adults in Aktobe exhibit both traditional and modern dietary patterns, influenced by socioeconomic, demographic, and health factors. Nutrition interventions should be gender- and age-sensitive, preserve beneficial traditional practices, and address the growing consumption of energy-dense processed foods, particularly among younger adults.
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Introduction

Dietary patterns are shaped by a complex interplay of cultural traditions, socioeconomic circumstances, and demographic characteristics (1). Globally, dietary habits are undergoing rapid transformation, influenced by globalization, urbanization, and shifting economic conditions (2). In many countries, this “nutrition transition” is characterized by a gradual shift from traditional diets, often rich in whole foods and culturally specific staples, toward more Westernized dietary habits that include greater amounts of processed, energy-dense foods high in sugar, fat, and salt (3). These changes have important public health implications, as dietary patterns are strongly associated with the risk of chronic diseases such as obesity, cardiovascular disease, type 2 diabetes, and certain cancers (4).

Kazakhstan, the largest landlocked country in the world and a rapidly developing nation in Central Asia, has a rich and diverse food culture shaped by nomadic traditions, regional agricultural practices, and the legacy of the Soviet period (5). Traditional Kazakh diets historically emphasized meat, dairy products, grains, and tea, reflecting the pastoralist lifestyle of much of the population (6). However, in recent decades, Kazakhstan has experienced substantial economic growth, urbanization, and increased exposure to imported food products, leading to notable changes in dietary behavior (7). These shifts have brought both opportunities for diversification and challenges related to the rising consumption of processed and energy-dense foods (8).

Aktobe, located in western Kazakhstan, is the country’s third most populous municipality and an important regional economic hub. Its population includes diverse cultural and ethnic backgrounds, with both urban and peri-urban residents and varying access to traditional and modern food environments. Studying dietary patterns in Aktobe provides an opportunity to examine dietary behaviors in a large, heterogeneous urban center, though findings may not be generalizable to the entire Kazakh population.

Previous studies in other countries have consistently shown that factors such as age, gender, income, education, and household size are significant determinants of dietary choices (9–12). Lifestyle variables—including meal frequency, eating occasions, and food preparation practices—also play a role, as do health-related conditions that may affect food preference and accessibility (1). However, there is limited empirical research on how these factors shape dietary patterns in Kazakhstan, and even less that integrates traditional food culture into the analysis.

Identifying the prevailing dietary patterns in Aktobe and examining their socioeconomic and demographic determinants can provide valuable evidence for public health policy. Understanding who is most likely to adhere to healthier or less healthy dietary patterns can help target nutrition interventions more effectively and support strategies to preserve beneficial traditional dietary practices while addressing emerging nutrition-related health risks.

Therefore, the aim of this study was to identify the principal dietary patterns among adults in Aktobe, Kazakhstan, using principal component analysis (PCA), and to examine the influence of socioeconomic, demographic, lifestyle, and health-related factors on adherence to these patterns. This work contributes to filling a critical gap in the literature on nutrition in Central Asia and provides a foundation for culturally tailored, evidence-based dietary interventions in the region.



Materials and methods

This study was conducted in Aktobe, Kazakhstan. Data were collected from hospitals across Aktobe in the year 2024. As of May 1, 2024, the population of Aktobe was 942,700. The data collection process involved gathering comprehensive health records and demographic information from the hospitals to ensure a representative sample of the population.


Study population

This cross-sectional study was conducted in 2024 among adult residents of Aktobe, Kazakhstan, the third most populous municipality in the country. Participants were recruited consecutively from the outpatient departments of major public hospitals across all administrative districts of Aktobe. The sample therefore reflects the urban and peri-urban population of Aktobe, but does not include rural populations outside the city. The sample was therefore non-random (convenience/consecutive sampling) and should be interpreted as representative of the participating hospitals’ outpatient populations rather than the entire city. Eligibility criteria included being aged 18–65 years, a permanent resident of Aktobe, and having the cognitive and physical ability to complete the dietary and health questionnaires. Individuals with acute medical conditions requiring hospitalization at the time of data collection, pregnant or lactating women, and those following medically prescribed diets that substantially altered their habitual intake were excluded.

A total of 460 adults participated in the study, comprising 210 women and 250 men. Informed consent was obtained from all participants prior to data collection. The sample size was determined to provide adequate statistical power for principal component analysis of dietary data and multivariable regression analyses, allowing for stratification by key demographic variables. The study protocol was reviewed and approved by the Ethics Committee of West Kazakhstan Marat Ospanov Medical University. Questionnaires (sociodemographic, lifestyle, health) and the FFQ were completed during the clinic visit via face-to-face interviewer administration using a standardized script.



Explanatory variables

The independent variables included a range of socioeconomic, demographic, lifestyle, and health-related factors. A brief summary is provided below; detailed operational definitions, measurement methods, disease lists, and category groupings are presented in Appendix A (Variable definitions and coding). All questionnaires were administered face-to-face by trained interviewers in the outpatient departments.

Lifestyle variables captured habitual eating patterns, including number of meals per day (three, four, or five meals), minimum and maximum intervals between meals (hours), days per week without eating breakfast at work (0–5 days), dry food consumption (yes/no), eating just before bedtime (yes/no), and the most satisfying meal of the day (lunch or dinner).

Health-related explanatory variables were derived from clinical measurements, self-reported health assessments, and medical history. These included body mass index (BMI), systolic and diastolic blood pressure, smoking status (number of cigarettes per day), alcohol consumption (mL/week), self-rated health status (excellent, good), and medical visit in the past 3 months (yes/no). Oral health indicators included bleeding gums during cleaning and presence of a large number of carious teeth. Reported symptoms encompassed nausea, loss of appetite, cracks in the corners of the mouth, shortness of breath during exercise, irritability/anxiety/sleep disturbance/memory and attention loss, intolerance to bright light, decreased vision at dusk, dry skin and brittle nails, fatigue/weakness/pain in calf muscles, pain in the right hypochondrium, epigastric pain, and weakening of physical performance.

Chronic disease variables included gastrointestinal diseases, cardiovascular diseases, diseases of the endocrine system, diabetes, liver diseases, kidney diseases, and other chronic diseases. Variables related to healthcare-seeking behavior included consulting with a doctor when unwell (yes/no) and always taking sick leave in case of illness (yes/no).

All explanatory variables were coded and categorized for inclusion in the regression analyses, with reference categories specified for categorical variables. Continuous variables such as BMI, blood pressure, income, and nutritional expenses were used in their measured form or categorized where appropriate for interpretation in the multivariable models.

For regression analysis, categories were collapsed to improve stability: family size (1–2, 3–4, ≥5); minimum and maximum meal intervals (≤3 h, 4–5 h, ≥6 h); days without breakfast at work (0, 1–2, 3–5); and cigarettes/day (non-smoker, 1–4, 5–9, 10–14, ≥15).



Dietary assessment

Dietary intake was assessed using a structured food frequency questionnaire (FFQ) developed for the Kazakh population and adapted to reflect the local dietary habits of Aktobe residents, administered face-to-face by trained interviewers. This FFQ was culturally adapted and pilot-tested for comprehension in the local population but has not undergone formal validation in this setting; it was administered face-to-face by trained interviewers. The FFQ captured the frequency of consumption of individual food items over the previous month, with response options ranging from “never” to “several times per day.” Portion sizes were standardized using household measures and visual aids to improve accuracy.

The individual food items were subsequently grouped into 11 major food groups—beverages; grains and grain products; legumes; meat and meat products; dairy products; eggs; vegetables; fruits; sweets and desserts; condiments and sauces; and other (sugar)—based on similarity in nutrient profile and culinary use. This classification was used as the basis for identifying dietary patterns through principal component analysis (PCA).

For each participant, the reported frequency of consumption was converted into a standardized measure representing the number of servings per day. The consumption values for all items within each food group were then summed to obtain total daily intake per food group. These food group intakes were standardized (z-scores) prior to PCA to ensure comparability across groups with different measurement scales.

The derived factor scores from PCA represented each participant’s adherence to the identified dietary patterns. For subsequent regression analyses, dietary pattern scores were divided into quartiles, with the 4th quartile representing the highest adherence and the 1st-3rd quartiles combined as the reference category.



Statistical analysis

Group differences were evaluated using the Student’s t-test (two groups) or ANOVA (≥3 groups) for normally distributed quantitative variables, and the Mann–Whitney U test or Kruskal-Wallis test for non-normally distributed variables. Differences in categorical variables were assessed using the Chi-square test or Fisher’s exact test as appropriate.

Principal Component Analysis (PCA) was employed to identify dietary patterns, followed by varimax orthogonal rotation to simplify the interpretation of extracted factors. The estimation was based on the correlation matrix. The suitability of the dataset for PCA was confirmed by the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and the Bartlett test of sphericity (13). Factors were retained based on the following criteria: components with eigenvalues greater than 1.0, the Cattell scree plot, and the conceptual relevance of the identified patterns (11). Each principal component was interpreted based on foods with factor loadings (correlation coefficients between dietary variables and factors) ≥ 0.2 or ≤ − 0.2, which are considered significant contributors to the pattern (12). Negative loadings within a component indicate an inverse association with the food item, while positive loadings indicate a direct association (10). When a food item had loadings ≥0.2 on more than one component, it was assigned to the component with the largest absolute loading, provided the difference between loadings was ≥0.10. Items with ambiguous cross-loadings (<0.10 difference between components) were noted but not used to label or interpret a dietary pattern.

To determine the stability of the factors, the dataset was randomly divided into two subsets, and the same criteria were applied to each subset. The factorial structures of the subgroups were compared to those of the entire sample. The factorial structures of the subgroups were compared to those of the entire sample using Tucker’s congruence coefficient, with values ≥0.90 interpreted as indicating factorial similarity. The principal components were labeled based on the nutritional composition of foods in each factor.

Food group intakes were standardized (z-scores) prior to PCA to ensure comparability across groups. Component (factor) scores were calculated for each participant based on the standardized intakes and the corresponding factor loadings. Technical details of z-standardization and score calculation are provided in Appendix B.

Negative binomial regression with robust variance estimation was used in both bivariate and multivariable analyses to estimate the prevalence ratios (PR) of the independent variables (socioeconomic and demographic factors) in relation to the outcomes, with the dependent variables (dietary patterns) classified as dichotomous: 1st, 2nd, and 3rd quartiles of consumption versus high consumption (4th quartile). Negative binomial regression was preferred over the odds ratio due to the tendency of the latter to overestimate associations when the outcome was not rare (>10%) (14). Variables with p-values < 0.20 were included in the multivariable models. To avoid sparse cells and unstable estimates, we recategorized family size, meal intervals, days without breakfast, and cigarettes/day into broader groups as described in Explanatory variables. The detailed bivariate results are provided in Appendix C (Tables C1–C3). Interaction terms between sex and social mobility were tested, and significant models were stratified by sex. Given the high correlation between income and other socioeconomic indicators, models with and without these variables were fitted to test robustness. Quantitative variables were summarized as mean ± standard deviation (SD) when normally distributed or median (interquartile range, IQR) when non-normally distributed, and categorical variables as frequencies and percentages. Group differences were tested using appropriate parametric or non-parametric tests as described below. Estimates of 95% confidence intervals (CI) of the PR were calculated, and the level of significance was set at 0.05. Statistical analyses were performed using the statistical software R version 4.5.0 and RStudio (RStudio 2025.05.0 Build 496).

Due to the large number of predictors and concerns about multicollinearity, sociodemographic/lifestyle variables and health-related variables were modeled in two separate sets of negative binomial regressions. These models are not mutually adjusted for each other, and therefore associations may overlap if predictors are correlated across domains.




Results


Classification of food items into dietary groups

Food items were grouped into 11 predefined food groups (beverages; grains; legumes; meat; dairy; eggs; vegetables; fruits; sweets/desserts; condiments/sauces; sugar) as specified in the Methods. The full item-to-group mapping is provided in Table 1.


TABLE 1 Categorization of food items into food groups to study on socioeconomic and demographic factors influencing dietary patterns in Aktobe.


	Food group
	Items

 

 	Beverages 	Coffee, Tea with milk, Black tea, Green tea, Milk, Buttermilk, Juices, Carbonated drinks


 	Grains and grain products 	Bread, Buns without cream and filling, Flour products with filling (pies, etc.), Pasta, spaghetti, Dough in hot dishes, Rice, Buckwheat, Semolina


 	Legumes 	Peas, Lentil, Beans


 	Meat and meat products 	Meat and meat products, Fish and fish products, Chicken and chicken products, Sausage and sausage products


 	Dairy products 	Cheese, Cottage cheese, Yoghurt


 	Eggs 	Chicken eggs, Quail eggs


 	Vegetables 	Potato, Carrot, Onion, Cabbage, Beet, Pepper, Courgetti, Eggplants, Cucumbers, Tomato, Broccoli, Lettuce


 	Fruits 	Apples, Bananas, Oranges, Grapes, Kiwi, Strawberry, Raspberry, Cherry, Dried fruits


 	Sweets and desserts 	Pastry products with cream, Pastry products without cream, Cookies, Crackers, Chocolate, Caramel, Marmalade, Jam


 	Condiments and sauces 	Tomato paste, Ketchup, Mayonnaise, Sour cream, Butter


 	Other 	Sugar




 



Socioeconomic and demographic characteristics of the study population by gender

Table 2 presents the socioeconomic and demographic characteristics of the study population (n = 460). The mean age was 39 years, and most participants were employed and lived in households of three to four members. Average family income was ~170 USD, with ~35% of income spent on food. The overall distribution of meals per day and meal intervals is also shown. Gender-specific distributions are provided in the table for context.


TABLE 2 The socioeconomic and demographic characteristics of adults in Aktobe, categorized by gender.


	Factors
	Women (n = 210)
	Men (n = 250)
	P-value
	Total

 

 	Age (year) 	39.2 ± 11.7 	39.0 ± 13.4 	0.87 	-


 	Age groups (%) 	0.35 	100


 	18-24-year-old 	12.9 	16.4 	 	14.8


 	25-39-year-old 	41.0 	37.6 	 	39.1


 	40-59-year-old 	41.0 	37.6 	 	39.1


 	60-65-year-old 	5.2 	8.4 	 	7.0


 	Labor status (%) 	0.26 	100


 	Works 	81.9 	85.6 	 	83.9


 	Does not work 	5.7 	4.8 	 	5.2


 	Pensioner 	3.8 	5.2 	 	4.6


 	Student 	8.6 	4.4 	 	6.3


 	Family size (%) 	<0.001 	100


 	1 	6.2 	14.4 	 	10.7


 	2 	6.7 	12.0 	 	9.6


 	3 	38.1 	20.0 	 	28.3


 	4 	25.2 	24.8 	 	25.0


 	5 	13.3 	14.0 	 	13.7


 	6 	8.1 	11.6 	 	10.0


 	7 	2.4 	3.2 	 	2.8


 	Monthly family income (USD) 	170.2 ± 6.0 	173.3 ± 5.5 	<0.001 	-


 	Number of meals per day (%) 	0.73 	100


 	3 	55.7 	59.2 	 	57.6


 	4 	39.5 	36.0 	 	37.6


 	5 	4.8 	4.8 	 	4.8


 	Minimum interval between meals (hour, %) 	0.006 	100


 	2 	1.9 	8.8 	 	5.7


 	3 	74.3 	69.6 	 	71.7


 	4 	23.8 	21.6 	 	22.6


 	Maximum interval between meals (hour, %) 	<0.001 	100


 	4 	0.0 	0.8 	 	0.4


 	5 	9.0 	23.6 	 	17.0


 	6 	54.8 	63.2 	 	59.3


 	7 	35.2 	12.4 	 	22.8


 	8 	1.0 	0.0 	 	0.4


 	Nutritional expenses (USD) 	129228.6 ± 33618.1 	137100.0 ± 33728.9 	0.01 	-


 	Nutritional expenses/total income (%) 	34.4 ± 8.2 	36.7 ± 9.7 	0.008 	-


 	Without eating breakfast at work (days/week, %) 	0.005 	100


 	0 	24.3 	34.0 	 	29.6


 	1 	15.2 	8.0 	 	11.3


 	2 	24.8 	16.0 	 	20.0


 	3 	8.1 	13.6 	 	11.1


 	4 	11.4 	10.0 	 	10.7


 	5 	16.2 	18.4 	 	17.4


 	Dry food (%) 	0.08 	100


 	Yes 	19.4 	26.5 	 	23.2


 	No 	80.6 	73.5 	 	76.8


 	Eating just before bedtime (%) 	0.55 	100


 	Yes 	45.2 	48.0 	 	46.7


 	No 	54.8 	52.0 	 	53.3


 	The most satisfying meal (%) 	0.61 	100


 	Breakfast 	0.0 	0.0 	 	0.0


 	Second breakfast 	0.0 	0.0 	 	0.0


 	Lunch 	63.3 	65.6 	 	64.6


 	Afternoon snack 	0.0 	0.0 	 	0.0


 	Dinner 	36.7 	34.4 	 	35.4




 



Health conditions of the study population by gender

Table 3 summarizes the health conditions of the study population. Mean BMI was 25.6 kg/m2, and mean blood pressure values were within the pre-hypertensive range. Most participants rated their health as good or excellent. Selected oral health indicators, symptoms, and chronic disease prevalence are reported in Table 3; gender-specific distributions are provided for completeness.


TABLE 3 The health conditions of adults in Aktobe, categorized by gender.


	Factors
	Women (n = 210)
	Men (n = 250)
	P-value
	Total

 

 	Body mass index (BMI) 	25.8 ± 4.2 	25.5 ± 4.2 	0.11 	–


 	Diastolic blood pressure 	77.2 ± 6.4 	78.3 ± 5.4 	0.05 	–


 	Systolic blood pressure 	121.4 ± 7.2 	122.1 ± 5.9 	0.22 	–


 	Number of cigarettes smoked per day (%) 	0.34 	100


 	0 	79.4 	62.4 	 	41.9


 	5 	2.4 	1.9 	 	4.3


 	6 	6.2 	9.5 	 	15.7


 	7 	4.8 	2.9 	 	7.6


 	8 	1.0 	4.8 	 	5.7


 	10 	2.9 	11.4 	 	14.3


 	15 	3.3 	7.1 	 	10.5


 	Alcohol consumption (mL/week) 	775.0 ± 351.2 (n = 16) 	3095.5 ± 5611.9 (n = 44) 	0.11 	–


 	Health assessment categories (%) 	0.77 	100


 	Excellent 	51.4 	52.8 	 	52.2


 	Good 	48.6 	47.2 	 	47.8


 	Bad 	0.0 	0.0 	 	0.0


 	Do not know 	0.0 	0.0 	 	0.0


 	Visiting doctor in the past 3 months (%) 	0.08 	100


 	Yes 	75.2 	82.0 	 	78.9


 	No 	24.8 	18.0 	 	21.1


 	Bleeding gums during cleaning (%) 	0.48 	100


 	No 	50.0 	54.4 	 	52.4


 	Sometimes 	44.3 	38.8 	 	41.3


 	Often 	5.7 	6.8 	 	6.3


 	A large number of carious teeth (%) 	0.02 	100


 	No 	61.9 	54.0 	 	57.6


 	Sometimes 	36.2 	38.8 	 	37.6


 	Often 	1.9 	7.2 	 	4.8


 	Nausea (%) 	0.07 	100


 	No 	90.5 	94.8 	 	92.8


 	Sometimes 	9.5 	5.2 	 	7.2


 	Often 	0.0 	0.0 	 	0.0


 	Loss of appetite (%) 	0.32 	100


 	No 	87.6 	84.4 	 	85.9


 	Sometimes 	12.4 	15.6 	 	14.1


 	Often 	0.0 	0.0 	 	0.0


 	Cracks in the corners of the mouth (%) 	0.55 	100


 	No 	69.0 	66.4 	 	67.6


 	Sometimes 	31.0 	33.6 	 	32.4


 	Often 	0.0 	0.0 	 	0.0


 	Shortness of breath during exercise (%) 	0.47 	100


 	No 	44.3 	38.8 	 	41.3


 	Sometimes 	42.4 	45.6 	 	44.1


 	Often 	13.3 	15.6 	 	14.6


 	Irritability, anxiety, sleep disturbance, memory, and attention loss (%) 	0.04 	100


 	No 	35.7 	47.2 	 	42.0


 	Sometimes 	49.0 	41.6 	 	45.0


 	Often 	15.2 	11.2 	 	13.0


 	Intolerance to bright light (%) 	0.11 	100


 	No 	81.4 	75.2 	 	78.0


 	Sometimes 	18.6 	24.8 	 	22.0


 	Often 	0.0 	0.0 	 	0.0


 	Decreased vision at dusk (%) 	0.12 	100


 	No 	58.1 	48.4 	 	52.8


 	Sometimes 	19.1 	26.4 	 	23.1


 	Often 	22.9 	25.2 	 	24.1


 	Dry skin, brittle nails (%) 	0.05 	100


 	No 	77.6 	83.6 	 	80.9


 	Sometimes 	10.5 	10.8 	 	10.7


 	Often 	11.9 	5.6 	 	8.5


 	Fatigue, weakness, pain in the calf muscles (%) 	0.01 	100


 	No 	69.5 	80.8 	 	75.7


 	Sometimes 	20.5 	14.8 	 	17.4


 	Often 	10.0 	4.4 	 	7.0


 	Pain in the right hypochondrium (%) 	0.79 	100


 	No 	91.9 	91.2 	 	91.5


 	Sometimes 	8.1 	8.8 	 	8.5


 	Often 	0.0 	0.0 	 	0.0


 	Epigastric pain (%) 	0.03 	100


 	No 	82.4 	90.8 	 	87.0


 	Sometimes 	11.0 	6.0 	 	8.3


 	Often 	6.7 	3.2 	 	4.8


 	Weakening of physical performance (%) 	0.003 	100


 	No 	15.7 	26.4 	 	21.5


 	Sometimes 	77.1 	62.4 	 	69.1


 	Often 	7.1 	11.2 	 	9.3


 	Mental disability (%) 	0.04 	100


 	No 	51.4 	56.8 	 	54.3


 	Sometimes 	47.6 	39.2 	 	43.0


 	Often 	1.0 	4.0 	 	2.6


 	The frequency of colds during the year (%) 	0.05 	100


 	No more than 1 time 	13.8 	20.8 	 	17.6


 	2 or more times 	86.2 	79.2 	 	82.4


 	Consult with a doctor if unwell (%) 	0.88 	100


 	Yes 	64.3 	63.6 	 	63.9


 	No 	35.7 	36.4 	 	36.1


 	Always take sick leave in case of illness (%) 	0.12 	100


 	Yes 	85.2 	79.6 	 	82.2


 	No 	14.8 	20.4 	 	17.8


 	Gastrointestinal diseases (%) 	0.04 	100


 	Yes 	44.3 	54.0 	 	49.6


 	No 	55.7 	46.0 	 	50.4


 	Cardiovascular diseases (%) 	0.50 	100


 	Yes 	84.8 	82.4 	 	83.5


 	No 	15.2 	17.6 	 	16.5


 	Diseases of the endocrine system (%) 	0.001 	100


 	Yes 	85.2 	94.4 	 	90.2


 	No 	14.8 	5.6 	 	9.8


 	Kidney diseases (%) 	ND 	100


 	Yes 	0.0 	0.0 	 	0.0


 	No 	100 	100 	 	100


 	Diabetes (%) 	0.27 	100


 	Yes 	98.1 	96.4 	 	97.2


 	No 	1.9 	3.6 	 	2.8


 	Liver diseases (%) 	0.003 	100


 	Yes 	100 	96.0 	 	97.8


 	No 	0 	4.0 	 	2.2


 	Other diseases (%) 	0.07 	100


 	Yes 	83.8 	89.6 	 	87.0


 	No 	16.2 	10.4 	 	13.0




 



Principal dietary patterns identified in adults from Aktobe

Principal component analysis identified four distinct dietary patterns (Table 4). The Healthy foods pattern was characterized by poultry, fish, green tea, and dried fruits. The Traditional Kazakh pattern reflected tea with milk and rice, alongside lower intake of some dairy and grains. The Bar pattern included processed meats and mayonnaise. The Energy-dense pattern was defined by pastries and sweets. Together, these four patterns accounted for 16.4% of the variance in dietary intake.


TABLE 4 Distribution of factor loadings for principal dietary patterns identified among adults in Aktobe.


	Food groups
	Healthy foods
	Traditional Kazakh
	Bar
	Energy-dense

 

 	Chicken and chicken products 	0.530 	 	 	


 	Green tea 	0.507 	 	 	


 	Dried fruits 	0.382 	 	 	


 	Onion 	0.231 	 	 	


 	Fish and fish products 	0.229 	 	 	


 	Eggplants 	−0.224 	 	 	


 	Courgetti 	−0.230 	 	 	


 	Cucumbers 	−0.245 	 	 	


 	Beans 	−0.248 	 	 	


 	Cabbage 	−0.331 	 	 	


 	Carrot 	−0.344 	 	 	


 	Rice 	 	0.200 	 	


 	Tea with milk 	 	0.283 	 	


 	Cottage cheese 	 	−0.259 	 	


 	buttermilk 	 	−0.272 	 	


 	Buckwheat 	 	−0.288 	 	


 	Chicken eggs 	 	−0.374 	 	


 	mayonnaise 	 	 	0.501 	


 	Sausage and sausage products 	 	 	0.380 	


 	Carbonated drinks 	 	 	−0.248 	


 	Black tea 	 	 	−0.465 	


 	Coffee 	 	 	−0.538 	


 	Pastry products without cream 	 	 	 	−0.209


 	Jam 	 	 	 	−0.240


 	Caramel 	 	 	 	−0.259


 	Buns without cream and filling 	 	 	 	−0.292


 	Flour products with filling (pies, etc.) 	 	 	 	−0.385


 	Explained variance (%) 	9.09 	20.0 	20.0 	16.67


 	Eigenvalue 	11.0 	5.0 	5.0 	6.0





Only foods with factor loadings ≥ 0.2 or ≤ − 0.2 were shown. Total explained variance = 16.44%.
 



Socioeconomic and demographic factors associated with dietary patterns

Results are presented separately for sociodemographic/lifestyle factors (Table 5) and health-related factors (Table 6). These models should be interpreted independently, as they were not adjusted for predictors from the other domain, and some associations may intersect.


TABLE 5 Prevalence ratios (PR*) and confidence intervals (95% CI) of socioeconomic and demographic factors influencing dietary patterns in Aktobe.


	Factors
	Healthy foods
	Traditional Kazakh
	Bar
	Energy-dense

 

 	Sex


 	Female 	Reference 	Reference 	Reference 	Reference


 	Male 	0.89 (0.74–1.06) p = 0.15 	1.12 (0.96–1.28) p = 0.19 	0.78 (0.66–0.92) p = 0.003 	0.77 (0.65–0.91) p = 0.003


 	Age groups (%)


 	18-24-year-old 	0.85 (0.56–1.30); p = 0.450 	0.68 (0.50–0.92); p = 0.020 	1.49 (0.99–2.23); p = 0.060 	0.90 (0.60–1.34); p = 0.580


 	25-39-year-old 	1.01 (0.70–1.46); p = 0.950 	0.76 (0.58–0.99); p = 0.040 	1.77 (1.22–2.56); p = 0.002 	1.12 (0.78–1.58); p = 0.550


 	40-59-year-old 	0.97 (0.67–1.40); p = 0.880 	0.69 (0.52–0.90); p = 0.007 	1.60 (1.11–2.32); p = 0.010 	1.06 (0.74–1.51); p = 0.760


 	60-65-year-old 	Reference 	Reference 	Reference 	Reference


 	Labor status (%)


 	Works 	1.27 (0.84–1.92); p = 0.25 	1.08 (0.70–1.67); p = 0.73 	0.77 (0.51–1.17); p = 0.23 	1.13 (0.73–1.75); p = 0.57


 	Does not work 	1.22 (0.68–2.19); p = 0.51 	1.13 (0.61–2.07); p = 0.70 	0.74 (0.40–1.36); p = 0.33 	1.08 (0.58–2.00); p = 0.80


 	Pensioner 	1.32 (0.73–2.41); p = 0.36 	1.25 (0.67–2.36); p = 0.50 	0.54 (0.28–1.03); p = 0.06 	0.69 (0.36–1.48); p = 0.27


 	Student 	Reference 	Reference 	Reference 	Reference


 	Family size (%)


 	1–2 	0.73 (0.38–1.23); p = 0.35 	1.92 (0.91–4.05); p = 0.09 	0.64 (0.32–1.27); p = 0.20 	1.05 (0.70–2.12); p = 0.40


 	3–4 	0.86 (0.47–1.57); p = 0.65 	2.00 (1.00–4.01); p = 0.05 	0.95 (0.52–1.73); p = 0.85 	1.20 (0.64–2.23); p = 0.60


 	≥5 	0.90 (0.47–1.70); p = 0.74 	1.84 (0.82–3.82); p = 0.11 	0.64 (0.32–1.27); p = 0.22 	1.16 (0.61–2.22); p = 0.65


 	7 	Reference 	Reference 	Reference 	Reference


 	Number of meals per day (%)


 	3 	1.12 (0.70–1.77); p = 0.66 	1.51 (0.89–2.56); p = 0.13 	1.06 (0.64–1.77); p = 0.81 	1.59 (0.93–2.66); p = 0.09


 	4 	1.19 (0.73–1.91); p = 0.48 	1.80 (1.05–3.07); p = 0.03 	1.43 (0.86–2.41); p = 0.17 	1.80 (1.06–3.29); p = 0.03


 	5 	Reference 	Reference 	Reference 	Reference


 	Minimum interval between meals (hour, %)


 	2 	1.71 (1.08–2.72); p = 0.02 	1.48 (0.91–2.38); p = 0.11 	0.91 (0.56–1.51); p = 0.74 	0.63 (0.38–1.04); p = 0.07


 	3 	1.73 (1.36–2.20); p < 0.001 	1.09 (0.84–1.40); p = 0.50 	1.02 (0.79–1.32); p = 0.85 	0.95 (0.74–1.22); p = 0.69


 	4 	Reference 	Reference 	Reference 	Reference


 	Maximum interval between meals (hour, %)


 	≤3 h 	0.37 (0.08–1.65); p = 0.20 	0.90 (0.11–9.03); p = 0.91 	0.30 (0.03–2.72); p = 0.28 	1.00 (0.06–16.44); p = 1.00


 	4–5 h 	0.47 (0.11–2.01); p = 0.30 	0.39 (0.08–1.82); p = 0.22 	0.33 (0.07–1.49); p = 0.18 	3.00 (0.45–22.20); p = 0.25


 	≥6 h 	Reference 	Reference 	Reference 	Reference


 	Without eating breakfast at work (days/week, %)


 	0 days 	1.51 (1.13–2.03); p = 0.007 	1.26 (0.92–1.72); p = 0.15 	0.94 (0.68–1.28); p = 0.70 	0.90 (0.65–1.23); p = 0.52


 	1–2 days 	1.17 (0.90–1.52); p = 0.20 	0.90 (0.64–1.28); p = 0.45 	1.07 (0.78–1.49); p = 0.65 	1.05 (0.78–1.42); p = 0.70


 	3–5 days 	Reference 	Reference 	Reference 	Reference


 	Dry food (%)


 	No 	1.34 (1.06–1.70); p = 0.02 	1.00 (0.78–1.28); p = 0.99 	1.14 (0.89–1.48); p = 0.30 	0.94 (0.73–1.21); p = 0.66


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Eating just before bedtime (%)


 	No 	0.93 (0.77–1.14); p = 0.50 	1.15 (0.93–1.42); p = 0.19 	1.01 (0.82–1.25); p = 0.92 	1.04 (0.85–1.28); p = 0.68


 	Yes 	Reference 	Reference 	Reference 	Reference


 	The most satisfying meal (%)


 	Breakfast 	ND 	ND 	ND 	ND


 	Second breakfast 	ND 	ND 	ND 	ND


 	Lunch 	1.03 (0.84–1.26); p = 0.81 	0.93 (0.75–1.16); p = 0.53 	1.06 (0.85–1.31); p = 0.62 	0.92 (0.75–1.15); p = 0.47


 	Afternoon snack 	ND 	ND 	ND 	ND


 	Dinner 	Reference 	Reference 	Reference 	Reference





ND, no data; category absent or too few cases to allow estimation. * Values are prevalence ratios (PR) with 95% confidence intervals. PRs were obtained by exponentiating coefficients from log-link generalized linear models with robust variance; 95% CIs were exponentiated from the coefficient confidence limits. Reference categories are PR = 1.00.
 


TABLE 6 Prevalence ratios (PR*) and confidence intervals (95% CI) of the health conditions influencing dietary patterns in Aktobe.


	Factors
	Healthy foods
	Traditional Kazakh
	Bar
	Energy-dense

 

 	Number of cigarettes smoked per day (%)


 	0 	1.01 (0.64–1.62); p = 0.95 	1.49 (0.89–2.49); p = 0.13 	0.63 (0.39–1.01); p = 0.05 	1.39 (0.84–2.29); p = 0.19


 	1–9 	0.78 (0.45–1.35); p = 0.35 	1.42 (0.82–2.46); p = 0.22 	0.78 (0.41–1.49); p = 0.40 	0.90 (0.50–2.01); p = 0.75


 	10–15 	1.08 (0.61–1.96); p = 0.78 	1.63 (0.85–3.10); p = 0.14 	0.53 (0.29–1.00); p = 0.05 	0.75 (0.39–1.45); p = 0.40


 	>15 	Reference 	Reference 	Reference 	Reference


 	Health assessment categories (%)


 	Excellent 	0.91 (0.75–1.10); p = 0.35 	1.07 (0.87–1.32); p = 0.51 	1.06 (0.86–1.31); p = 0.57 	0.90 (0.73–1.10); p = 0.30


 	Good 	ND 	ND 	ND 	ND


 	Bad 	ND 	ND 	ND 	ND


 	Do not know 	Reference 	Reference 	Reference 	Reference


 	Visiting doctor in the past 3 months (%)


 	Yes 	Reference 	Reference 	Reference 	Reference


 	No 	0.90 (0.71–1.15); p = 0.42 	1.19 (0.91–1.52); p = 0.21 	1.04 (0.81–1.35); p = 0.74 	0.98 (0.75–1.26); p = 0.86


 	Bleeding gums during cleaning (%)


 	No 	1.52 (1.01–2.32); p = 0.05 	0.73 (0.47–1.12); p = 0.14 	1.57 (0.98–2.48); p = 0.06 	1.00 (0.64–1.55); p = 0.99


 	Sometimes 	1.36 (0.89–2.08); p = 0.16 	0.76 (0.46–1.19); p = 0.23 	1.58 (0.99–2.53); p = 0.06 	1.27 (0.82–1.99); p = 0.28


 	Often 	Reference 	Reference 	Reference 	Reference


 	A large number of carious teeth (%)


 	No 	2.06 (1.27–3.35); p = 0.003 	1.26 (0.76–2.10); p = 0.37 	1.96 (1.12–3.36); p = 0.02 	1.03 (0.63–1.69); p = 0.91


 	Sometimes 	1.58 (0.96–2.59); p = 0.07 	1.32 (0.79–2.21); p = 0.30 	1.86 (1.07–3.23); p = 0.03 	0.93 (0.57–1.54); p = 0.78


 	Often 	Reference 	Reference 	Reference 	Reference


 	Nausea (%)


 	No 	1.11 (0.76–1.62); p = 0.61 	0.99 (0.66–1.49); p = 0.97 	0.55 (0.38–0.81); p = 0.003 	1.45 (0.95–2.20); p = 0.08


 	Sometimes 	ND 	ND 	ND 	ND


 	Often 	Reference 	Reference 	Reference 	Reference


 	Loss of appetite (%)


 	No 	0.80 (0.61–1.06); p = 0.12 	1.09 (0.81–1.48); p = 0.54 	1.00 (0.74–1.35); p = 0.99 	1.23 (0.91–1.66); p = 0.18


 	Sometimes 	ND 	ND 	ND 	ND


 	Often 	Reference 	Reference 	Reference 	Reference


 	Cracks in the corners of the mouth (%)


 	No 	0.84 (0.68–1.04); p = 0.11 	0.91 (0.73–1.14); p = 0.43 	0.99 (0.79–1.24); p = 0.97 	0.98 (0.79–1.22); p = 0.83


 	Sometimes 	ND 	ND 	ND 	ND


 	Often 	Reference 	Reference 	Reference 	Reference


 	Shortness of breath during exercise (%)


 	No 	1.39 (1.03–1.88); p = 0.03 	0.89 (0.64–1.21); p = 0.44 	1.60 (1.15–2.23); p = 0.005 	1.05 (0.76–1.45); p = 0.75


 	Sometimes 	1.26 (0.93–1.70); p = 0.13 	1.02 (0.75–1.40); p = 0.89 	1.48 (1.06–2.06); p = 0.02 	1.35 (0.98–1.84); p = 0.07


 	Often 	Reference 	Reference 	Reference 	Reference


 	Irritability, anxiety, sleep disturbance, memory, and attention loss (%)


 	No 	1.01 (0.74–1.38); p = 0.93 	0.87 (0.63–1.21); p = 0.41 	0.84 (0.60–1.17); p = 0.31 	1.08 (0.78–1.50); p = 0.63


 	Sometimes 	0.89 (0.65–1.21); p = 0.44 	0.76 (0.55–1.04); p = 0.09 	1.21 (0.87–1.68); p = 0.25 	1.21 (0.85–1.66); p = 0.27


 	Often 	Reference 	Reference 	Reference 	Reference


 	Intolerance to bright light (%)


 	No 	0.90 (0.71–1.14); p = 0.36 	1.09 (0.84–1.40); p = 0.50 	0.91 (0.70–1.17); p = 0.47 	1.14 (0.89–1.46); p = 0.31


 	Sometimes 	ND 	ND 	ND 	ND


 	Often 	Reference 	Reference 	Reference 	Reference


 	Decreased vision at dusk (%)


 	No 	1.12 (0.88–1.42); p = 0.38 	1.07 (0.83–1.39); p = 0.57 	1.51 (1.16–1.95); p = 0.002 	0.80 (0.62–1.09); p = 0.09


 	Sometimes 	1.19 (0.90–1.57); p = 0.24 	1.12 (0.83–1.51); p = 0.48 	1.43 (1.05–1.95); p = 0.02 	0.73 (0.54–0.99); p = 0.04


 	Often 	Reference 	Reference 	Reference 	Reference


 	Dry skin, brittle nails (%)


 	No 	0.99 (0.70–1.41); p = 0.96 	1.06 (0.73–1.54); p = 0.77 	0.90 (0.62–1.32); p = 0.62 	0.66 (0.46–0.94); p = 0.02


 	Sometimes 	1.12 (0.72–1.74); p = 0.62 	1.22 (0.76–1.97); p = 0.40 	1.12 (0.69–1.80); p = 0.65 	0.56 (0.35–0.91); p = 0.02


 	Often 	Reference 	Reference 	Reference 	Reference


 	Fatigue, weakness, pain in the calf muscles (%)


 	No 	0.95 (0.64–1.40); p = 0.80 	0.95 (0.63–1.43); p = 0.80 	1.31 (0.85–2.01); p = 0.22 	0.67 (0.45–1.00); p = 0.05


 	Sometimes 	1.05 (0.68–1.63); p = 0.82 	0.82 (0.52–1.31); p = 0.41 	1.91 (1.19–3.10); p = 0.008 	0.80 (0.51–1.26); p = 0.35


 	Often 	Reference 	Reference 	Reference 	Reference


 	Pain in the right hypochondrium (%)


 	No 	1.09 (0.77–1.55); p = 0.62 	0.90 (0.62–1.31); p = 0.58 	1.23 (0.84–1.80); p = 0.29 	0.91 (0.63–1.32); p = 0.64


 	Sometimes 	ND 	ND 	ND 	ND


 	Often 	Reference 	Reference 	Reference 	Reference


 	Epigastric pain (%)


 	No 	0.99 (0.62–1.55); p = 0.96 	1.30 (0.79–2.14); p = 0.31 	1.35 (0.81–2.25); p = 0.25 	0.58 (0.37–0.93); p = 0.02


 	Sometimes 	0.99 (0.57–1.74); p = 0.98 	1.16 (0.63–2.14); p = 0.64 	1.75 (0.95–3.23); p = 0.07 	0.84 (0.48–1.49); p = 0.57


 	Often 	Reference 	Reference 	Reference 	Reference


 	Weakening of physical performance (%)


 	No 	2.69 (1.81–4.01); p < 0.001 	1.36 (0.90–2.08); p = 0.14 	1.31 (0.85–2.01); p = 0.22 	0.83 (0.55–1.23); p = 0.35


 	Sometimes 	2.08 (1.46–2.97); p < 0.001 	1.34 (0.91–1.94); p = 0.14 	1.68 (1.15–2.48); p = 0.008 	1.04 (0.73–1.49); p = 0.82


 	Often 	Reference 	Reference 	Reference 	Reference


 	Mental disability (%)


 	No 	2.83 (1.45–5.54); p = 0.002 	1.75 (0.86–3.59); p = 0.12 	2.48 (1.16–5.31); p = 0.02 	0.94 (0.49–1.80); p = 0.86


 	Sometimes 	2.21 (1.13–4.32); p = 0.022 	1.84 (0.90–3.79); p = 0.09 	2.44 (1.13–5.21); p = 0.02 	0.91 (0.47–1.75); p = 0.78


 	Often 	Reference 	Reference 	Reference 	Reference


 	The frequency of colds during the year (%)


 	No more than 1 time 	0.83 (0.64–1.07); p = 0.15 	1.02 (0.77–1.34); p = 0.91 	0.98 (0.74–1.28); p = 0.86 	0.83 (0.62–1.09); p = 0.17


 	2 or more times 	Reference 	Reference 	Reference 	Reference


 	Consult with a doctor if unwell (%)


 	No 	1.01 (0.83–1.23); p = 0.92 	1.36 (1.09–1.71); p = 0.006 	0.97 (0.79–1.22); p = 0.82 	1.16 (0.94–1.43); p = 0.18


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Always take sick leave in case of illness (%)


 	No 	0.96 (0.74–1.26); p = 0.74 	0.83 (0.63–1.08); p = 0.17 	1.00 (0.78–1.31); p = 0.98 	1.46 (1.11–1.92); p = 0.008


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Gastrointestinal diseases (%)


 	No 	0.86 (0.71–1.04); p = 0.13 	0.94 (0.76–1.16); p = 0.55 	0.91 (0.74–1.13); p = 0.42 	0.82 (0.67–1.01); p = 0.06


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Cardiovascular diseases (%)


 	No 	0.92 (0.71–1.20); p = 0.55 	0.91 (0.69–1.21); p = 0.54 	1.45 (1.08–1.94); p = 0.01 	1.68 (1.26–2.25); p = 0.001


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Diseases of the endocrine system (%)


 	No 	1.73 (1.24–2.44); p = 0.002 	1.23 (0.87–1.77); p = 0.24 	0.76 (0.54–1.08); p = 0.13 	0.79 (0.56–1.10); p = 0.17


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Kidney diseases (%)


 	No 	ND 	ND 	ND 	ND


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Diabetes (%)


 	No 	1.27 (0.70–2.32); p = 0.42 	0.67 (0.37–1.23); p = 0.20 	0.71 (0.38–1.29); p = 0.26 	0.99 (0.53–1.84); p = 0.97


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Liver diseases (%)


 	No 	0.69 (0.36–1.34); p = 0.27 	0.52 (0.26–1.02); p = 0.06 	1.30 (0.62–2.72); p = 0.49 	1.26 (0.61–2.61); p = 0.53


 	Yes 	Reference 	Reference 	Reference 	Reference


 	Other diseases (%)


 	No 	1.03 (0.77–1.41); p = 0.83 	0.91 (0.68–1.25); p = 0.58 	0.88 (0.64–1.19); p = 0.40 	0.87 (0.64–1.17); p = 0.36


 	Yes 	Reference 	Reference 	Reference 	Reference





ND, no data; category absent or too few cases to allow estimation. * Values are prevalence ratios (PR) with 95% confidence intervals. PRs were obtained by exponentiating coefficients from log-link generalized linear models with robust variance; 95% CIs were exponentiated from the coefficient confidence limits. Reference categories are PR = 1.00.
 

Detailed bivariate regression results for all predictors are presented in Appendix C (Tables C1–C3). Analyses used collapsed categories for family size, meal intervals, days without breakfast, and cigarettes/day (see Methods). Full estimates are in Table 5. Only variables with bivariate p < 0.20 were considered in multivariable models reported in the main text. Negative binomial regression analysis was performed after Poisson regression diagnostics indicated overdispersion. The model estimated prevalence ratios (PR) and 95% confidence intervals (CI) for associations between socioeconomic and demographic characteristics and the four identified dietary patterns. The detailed results are presented in Table 5. Some categories could not be estimated due to absence of observations; these are shown as ND in Table 5. Findings are summarized by dietary pattern: Healthy foods, Traditional Kazakh, Bar, Energy-dense (Table 5).


Healthy foods

Being male was not significantly associated with intake (PR = 0.89; 95% CI: 0.74–1.06; p = 0.15). Shorter minimum intervals (≤3 h) and not skipping breakfast (0 days/week) were associated with higher adherence (Table 5).



Traditional Kazakh

Compared with adults aged 60–65 years, younger groups (18–24, 25–39, 40–59) showed lower adherence. Consuming four meals/day was positively associated (Table 5).



Bar

Men had lower adherence than women. Adults aged 25–39 and 40–59 years showed higher adherence than those aged 60–65 years (Table 5).



Energy-dense

Men had lower adherence than women. Consuming four meals/day and skipping breakfast more days/week (3–5 vs. 0) were associated with adherence (Table 5). Overall, the analysis highlighted that meal frequency, meal timing, and certain lifestyle habits were significant predictors of dietary pattern adherence, while gender and age influenced adherence to specific patterns.




Health conditions associated with dietary patterns

Negative binomial regression analysis assessed the relationship between health conditions and adherence to the four identified dietary patterns. The full results are shown in Table 6. Some categories could not be estimated due to absence of observations; these are shown as ND in Table 6. Findings are summarized by dietary pattern: Healthy foods, Traditional Kazakh, Bar, Energy-dense (Table 6).


Healthy foods

Lower adherence was observed in smokers (5/day). Better oral health (no bleeding gums; fewer carious teeth), no shortness of breath, and absence of endocrine disease were positively associated (Table 6).



Traditional Kazakh

No strong positive associations; borderline findings for 7/day smoking and absence of mental disability (Table 6).



Bar

Negative associations for 10/day smoking and nausea; positive associations for better oral health and absence of cardiovascular disease (Table 6).



Energy-dense

Negative associations with absence of dermatologic symptoms and fatigue; positive association for not always taking sick leave and absence of cardiovascular disease (Table 6).

Overall, the analysis indicated that oral health, absence of chronic conditions, and certain symptom profiles were linked to healthier dietary patterns, while symptoms such as nausea, fatigue, and dermatological problems were inversely associated with adherence to healthier or energy-dense dietary patterns.





Discussion

This study identified four distinct dietary patterns among adults in Aktobe—Healthy foods, Traditional Kazakh, Bar, and Energy-dense—and explored their associations with socioeconomic, demographic, lifestyle, and health-related factors. The findings provide new insights into the dietary behaviors of a Kazakh urban population, highlighting the influence of both traditional cultural practices and modern dietary transitions on food choices.

The Healthy foods pattern was characterized by higher consumption of chicken, fish, green tea, dried fruits, and vegetables such as onions, and lower intake of starchy vegetables and legumes. This pattern aligns with globally recognized healthy eating patterns that emphasize lean proteins, antioxidant-rich beverages, and nutrient-dense plant-based foods (15). The Traditional Kazakh pattern reflected culturally specific elements, notably tea with milk and rice, combined with a lower consumption of certain dairy products, buckwheat, and eggs. This likely reflects the historical pastoralist dietary heritage of Kazakhstan, in which tea with milk remains a daily staple but regional grain and dairy preferences vary. The Bar pattern, marked by processed meats and mayonnaise and lower intake of coffee and black tea, suggests social eating occasions and higher exposure to processed, savory foods. The Energy-dense pattern consisted primarily of refined carbohydrate-based snacks and sweets, consistent with Westernized snacking habits that have become more prevalent in urban Central Asia (16). The coexistence of traditional and modern dietary patterns in Aktobe reflects broader nutrition transition processes observed in post-Soviet contexts, where rapid economic changes, increased food imports, and lifestyle shifts contribute to diverse but sometimes conflicting dietary influences.

Our findings demonstrate that gender, age, and meal frequency were significant determinants of dietary pattern adherence. Men had lower adherence to the Healthy foods and Energy-dense patterns, which may reflect gendered food preferences and health awareness differences, as observed in other Central Asian and Eastern European populations (17). Women tended to report more frequent consumption of nutrient-dense foods, consistent with literature showing that women are generally more health-conscious and responsive to dietary guidelines (18).

Age differences were most evident in the Traditional Kazakh and Bar patterns. Younger adults (18–39 years) were less likely to follow the Traditional Kazakh pattern but more likely to adhere to the Bar pattern, indicating a generational shift toward more social, convenience-oriented eating behaviors and away from traditional meal structures. This generational dietary divergence has been reported in other transitional economies, where urban youth adopt globalized food practices more rapidly than older adults (19).

Meal frequency and timing also emerged as important predictors. Consuming four meals per day was positively associated with both the Traditional Kazakh and Energy-dense patterns, suggesting that an increased number of eating occasions may facilitate both traditional multi-course meals and high-calorie snack consumption. Shorter intervals between meals were associated with greater adherence to the Healthy foods pattern, potentially indicating more structured eating schedules among those prioritizing healthful foods (20).

It is important to note that some predictors identified in our regression models, such as meal frequency and breakfast skipping, may not act as independent causal factors influencing dietary pattern adherence, but instead may be integral elements of the same dietary culture. For example, the Energy-dense pattern, characterized by refined pastries and sweets, may naturally coincide with more frequent eating occasions or snacking habits. Therefore, these associations should be interpreted as reflecting correlated behaviors within broader food cultures, rather than as causal determinants of the dietary patterns.

Oral health indicators and chronic disease status were strongly associated with dietary patterns. The absence of carious teeth and bleeding gums was linked to greater adherence to the Healthy foods and bar patterns, suggesting a potential bidirectional relationship between diet quality and oral health. While healthier diets support better oral status, individuals with better oral health may also be more able to consume a variety of foods, including those requiring more chewing, such as fresh fruits and vegetables (21).

The Healthy foods pattern was also positively associated with the absence of endocrine disorders and fewer functional limitations, supporting evidence that nutrient-rich diets contribute to better metabolic and physical health (22). Conversely, symptoms such as fatigue, dermatological problems, and gastrointestinal complaints were inversely associated with the Energy-dense pattern, reinforcing the link between high-sugar, refined-carbohydrate diets and poorer overall health status (23).

The Bar pattern showed a complex relationship with health variables. While certain health conditions were positively associated, the pattern’s processed meat and mayonnaise content may carry long-term health risks, as reported in studies linking such foods to increased cardiometabolic risk (24).

Comparable studies in neighboring countries provide useful context for interpreting our results. In Russia, PCA-based analyses have identified dietary patterns labelled “Meat,” “Mixed,” or “Rational,” which include traditional staples such as potatoes, bread, and tea alongside increasing prominence of processed meats and sweets, similar to our “Traditional Kazakh” and “Energy-dense” patterns (25). Studies in Mongolia (26) and Uzbekistan (27) are fewer but suggest diets with heavy reliance on bread, meat, and dairy products, reflecting cultural legacies from Soviet and nomadic food systems. In Iran, analyses over time also reveal coexisting traditional diets rich in rice, bread, and tea as well as “Western” patterns characterized by fast foods, sugary snacks, and processed products. For example, Aghayan et al. (28) found that between 2006 and 2017, Western dietary patterns increased in Iranian adults while traditional/habitual patterns persisted. Overall, the coexistence of traditional staples with energy-dense modern foods appears common across Central Asia and nearby Asian regions, suggesting that the nutrition transition seen in Aktobe reflects broader regional dynamics. Nevertheless, unique cultural elements, such as the prominence of tea with milk in Kazakh diets, mark local distinctions.

These findings have important implications for public health strategies in Kazakhstan. First, nutrition interventions should be gender-sensitive, as women were more likely to follow healthier diets, while men emerged as a priority group for dietary improvement campaigns—particularly those aimed at reducing processed food consumption and increasing the intake of nutrient-dense foods. Second, although adherence to the Traditional Kazakh pattern has declined among younger adults, preserving its healthier elements, such as tea with milk and structured meal patterns, and adapting them to meet modern nutritional recommendations could help maintain cultural dietary heritage while promoting health. Third, given the observed associations between oral health indicators and dietary patterns, integrating oral health initiatives with nutrition programs may provide synergistic benefits for overall well-being. Finally, the growing popularity of energy-dense, Western-style snacking patterns underscores the need for policies that encourage the consumption of whole foods and restrict the marketing of high-sugar, high-fat processed snacks, particularly to younger populations who are most susceptible to these dietary trends.

The study’s strengths include the use of PCA to derive culturally relevant dietary patterns, the inclusion of a broad set of socioeconomic and health-related explanatory variables, and the application of negative binomial regression to address overdispersion in the data. The urban sample from Aktobe provides valuable insights into dietary behaviors in a rapidly developing Kazakh city.

Future studies should extend this analysis to rural populations and other regions of Kazakhstan to capture national dietary diversity. Longitudinal designs could clarify causal relationships between socioeconomic changes, dietary patterns, and health outcomes. Intervention studies testing targeted dietary education programs—particularly for men and younger adults—would be valuable. Finally, incorporating objective dietary biomarkers could validate self-reported dietary intake and strengthen the evidence base for nutrition policy.


Limitations

This study has several limitations that should be considered when interpreting the findings. First, the cross-sectional design precludes causal inference, and dietary intake was assessed by self-reported FFQs, which are subject to recall bias and do not account for seasonal variation in food availability. Second, the sample was recruited from outpatient hospital departments in Aktobe, using non-random sampling, which may limit representativeness; individuals not seeking medical care or those living in rural areas were not included. Third, while PCA is a useful tool to identify prevailing dietary patterns, it explains only part of the variance in food intake and cannot capture all individual-level complexity. Fourth, because the study was conducted in a single large urban center, findings cannot be generalized to the entire Kazakh population. Kazakhstan is geographically vast and culturally diverse, with regional differences in socioeconomic conditions, ethnic composition, and food culture that may lead to different dietary patterns elsewhere. In addition, we did not collect data on ethnicity or education level, both of which are important determinants of diet, and the FFQ, although adapted and pilot-tested for local use, has not undergone formal validation in this population. Taken together, these factors suggest that our results should be interpreted with caution, and future multi-regional and longitudinal studies are needed to confirm these findings and explore dietary diversity across Kazakhstan. Because recruitment was limited to hospitals in Aktobe, our findings represent an urban hospital-based population. They cannot be generalized to rural areas of Kazakhstan, where food environments and cultural dietary practices may differ substantially.

Because sociodemographic/lifestyle and health-related predictors were modeled separately to reduce dimensionality and avoid unstable estimates, the associations obtained should be interpreted as descriptive rather than independent effects. Some associations may be explained by correlated predictors across models. Future studies with larger multi-regional samples could use integrated modeling strategies, including stepwise regression or dimension reduction techniques, to account for these overlaps.

In addition, while the FFQ used in this study was culturally adapted and pilot-tested for local comprehension, it has not undergone formal validation in this population. This may introduce measurement error in reported intakes and should be considered when interpreting our findings.




Conclusion

In summary, this study identified four distinct dietary patterns in Aktobe, reflecting a mix of traditional Kazakh and modern dietary influences. Socioeconomic and demographic factors, especially gender, age, meal frequency, and health status, significantly shaped adherence to these patterns. Public health strategies aimed at improving diet quality in Kazakhstan should consider these factors and address the challenges posed by dietary transition, with an emphasis on preserving beneficial traditional eating habits while reducing the impact of energy-dense, processed foods.
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