


Dietary Patterns and Clustered Cardiometabolic Abnormalities Among Adults in Ikwerre Local Government Area, Rivers State, Nigeria


ABSTRACT
	Aims: To identify empirically derived dietary patterns among adults in Ikwerre Local Government Area, Rivers State, Nigeria, and determine their associations with clustered cardiometabolic abnormalities (CCA).
Study design: Community-based cross-sectional study.
Place and Duration of Study: Six selected communities in Ikwerre Local Government Area, Rivers State, Nigeria. Exact data-collection dates should be inserted from the field records before submission.
Methodology: The analysis included 477 adults with complete dietary, anthropometric, blood pressure and biochemical data. NiDST food-frequency responses were converted to servings/day and 24 food groups were analysed using principal component analysis with varimax rotation. Lower CCA burden was 0–1 abnormality and higher burden was ≥2 of obesity, elevated blood pressure, dysglycaemia, hypertriglyceridaemia and reduced HDL-C. Robust Poisson regression estimated adjusted prevalence ratios (aPRs).
Results: Higher CCA burden occurred in 132/212 (62.3%). Three dietary patterns explained 50.8% of dietary variance. Pattern 1 (fried/fast food–fats/oils–dessert/soft drink–alcohol) was associated with higher CCA burden (aPR 1.15, 95% CI 1.05–1.26; P = .004). Pattern 2 (grain–legume–white meat) was inversely associated (aPR 0.81, 95% CI 0.71–0.92; P < .001), whereas Pattern 3 (dairy–tea/coffee–fish–nuts–fruit/vegetable) was positively associated (aPR 1.22, 95% CI 1.09–1.36; P < .001). Restricted loading-weighted sensitivity scores reproduced all three associations.
Conclusion: Whole dietary behaviours were differentially associated with cardiometabolic burden. The energy-dense fried/fast-food pattern was adverse, whereas the grain–legume–white-meat pattern was associated with lower burden. The positive Pattern 3 association requires longitudinal confirmation because reverse causation and mixed food composition are plausible.
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1. INTRODUCTION
Cardiometabolic abnormalities are among the most important modifiable contributors to premature morbidity and mortality worldwide. The Global Burden of Disease 2021 analysis identified elevated blood pressure, high fasting plasma glucose and high body mass index among the leading metabolic risks for death and disability (GBD 2021 Risk Factors Collaborators, 2024). Nigeria carries a substantial share of this burden. Systematic analyses have documented high and increasing hypertension prevalence and persistent gaps in awareness, treatment and control (Adeloye et al., 2021b; Obagha et al., 2022), while overweight and obesity are now common among adults (Adeloye et al., 2021a). Dyslipidaemia is also widespread; the REMAH study reported a particularly high prevalence of reduced HDL-C and showed that several lipid abnormalities clustered with obesity and hypertension (Chori et al., 2022). These findings support a shift from considering single risk factors in isolation toward recognising the cumulative cardiometabolic burden carried by individuals.
Clustering is clinically relevant because obesity, elevated blood pressure, dysglycaemia and lipid abnormalities often coexist and share behavioural, physiological and social determinants. In a multicountry analysis of 39,658 participants from nine sub-Saharan African countries, cardiometabolic diseases and lifestyle risk factors formed distinct multimorbidity clusters with characteristic sociodemographic profiles (Otieno et al., 2023). Such co-occurrence may identify individuals whose risk is not fully represented by a single diagnosis. However, established metabolic-syndrome definitions require specific combinations of measurements. 
Diet is central to this problem because habitual eating patterns influence adiposity, vascular regulation, glycaemic control and lipid metabolism simultaneously. Contemporary cardiometabolic nutrition guidance emphasises vegetables, fruits, legumes, nuts, whole grains and minimally processed protein sources while limiting sodium, refined starches, added sugars and highly processed foods (Pagidipati et al., 2025). Evidence from prospective studies and meta-analyses also links ultra-processed food consumption with obesity, hypertension, diabetes, dyslipidaemia and metabolic syndrome (Harb et al., 2023; Mambrini et al., 2023; Shu et al., 2023). Nevertheless, foods are not consumed independently. Analyses of single foods can therefore obscure substitution, co-consumption and cultural combinations that define real-world diets.
Data-driven dietary-pattern analysis addresses this limitation by identifying combinations of foods that tend to be consumed together. Across sub-Saharan Africa, empirical studies demonstrate marked heterogeneity in these combinations. In low-income communities in Accra, rice-based, snack-based and staple/soup patterns coexisted within the same population (Kushitor et al., 2023). Adults in urban Burkina Faso likewise displayed distinct patterns involving meat and eggs, fish, and starchy foods (Weil et al., 2023). A recent systematic review concluded that adult dietary patterns in sub-Saharan Africa commonly include fruit/vegetable, carbohydrate, protein, snack/beverage, traditional, transitional and Western-type configurations and that their associations with health outcomes vary by context (Ekerette et al., 2026). These findings caution against assuming that a label such as 'traditional' or 'healthy' is inherently protective; the actual factor loadings and local food combinations are more informative.
Nigerian evidence reinforces this need for context-specific interpretation. Segun et al. (2024) identified four dietary patterns among Nigerian adults and found that different traditional pattern configurations had opposing associations with obesity. In the SIREN study, dietary patterns among stroke-free Indigenous Africans were differentially associated with hypertension (Okekunle et al., 2024). These observations are especially relevant to the Niger Delta, where traditional staples, soups and animal-source foods now coexist with fried foods, processed products, soft drinks and commercially prepared meals. Ikwerre Local Government Area is a setting undergoing rapid socioeconomic and dietary transition, with traditional markets and local staples coexisting with supermarkets, street vendors, fast foods, soft drinks and packaged snacks. This mixed food environment provides an appropriate setting for examining derived dietary patterns and cardiometabolic burden.
A recent study by Batubo et al (2024) developed a tool for rapid assessment of habitual food-group intake in Nigerian adults (Batubo et al., 2024). Validation work demonstrated acceptable relative validity and reproducibility for ranking food-group intake (Batubo et al., 2024a), while implementation and feasibility studies showed that the tool can be incorporated into Nigerian clinical encounters and support patient–clinician communication (Batubo et al., 2024b, 2024c). The related Nigerian Diet Risk Score further demonstrated that locally captured dietary information can discriminate hypertension risk and relate to cardiovascular biomarkers (Batubo et al., 2025). These studies provide a strong methodological foundation for using NiDST frequency data to derive empirical dietary patterns. Therefore, the present study aimed to identify the major dietary patterns among community-dwelling adults in Ikwerre Local Government Area, Rivers State, and determine how these patterns relate to clustered cardiometabolic burden. 
2. MATERIAL AND METHODS
2.1 Study Design and Setting
This community-based cross-sectional study was conducted among adults residing in selected communities within Ikwerre Local Government Area (LGA), Rivers State, Nigeria. Ikwerre LGA is situated in the Niger Delta region of southern Nigeria, approximately 20 km north-west of Port Harcourt, and encompasses both urbanising settlements and rural agricultural villages. The administrative centre is located at Isiokpo. The region is characterised by tropical rainforest vegetation and agricultural output, including cassava, yams, plantains and vegetables. Its proximity to Port Harcourt and oil-industry infrastructure has accelerated socioeconomic development and urbanisation. 
2.2 Participants and Eligibility
Adults aged 18 years or older, with or without hypertension, type 2 diabetes or obesity, who were residents of the selected Ikwerre communities for over two years and provided informed consent were eligible. Pregnant or lactating women, individuals with severe comorbid conditions such as cancer or chronic kidney disease, those with illness or cognitive impairment likely to compromise dietary recall, individuals with recent major dietary changes, those participating in structured dietary intervention programmes, and persons who declined participation were excluded. 
2.3 Sample Size and Sampling Procedure
The parent study target sample size was estimated using a single-proportion formula with Z=1.96 for 95% confidence, an assumed hypertension prevalence of 38%, and an absolute precision of 5%. A 10% allowance for non-response or incomplete data produced a target of 404 participants. Multistage cluster sampling was used. First, six communities—Aluu, Isiokpo, Elele, Omuanwa, Ozuaha and Ubima—were selected by simple random sampling to represent varying levels of urbanisation and socioeconomic development. Second, two enumeration areas were randomly selected in each community, giving 12 enumeration areas. Third, households were enumerated and selected systematically, with approximately 33 households targeted per enumeration area. Finally, where more than one eligible adult was present, one participant was selected using a Kish grid. If the selected participant refused or remained unavailable after three contact attempts, the next adjacent household was used. 
2.4 Data Collection
2.4.1 Sociodemographic and Health Information
Before data collection, permission was sought from community leaders and local health authorities and community sensitisation was conducted through meetings and announcements. The WHO STEPwise questionnaire was used to collect information in face-to-face interviews. Information collected included age, sex, education, occupation, marital status, behavioural risk factors, and personal and family history of hypertension and diabetes. Interviews were conducted in English or translated into the Ikwerre language as required.
2.4.2 Dietary Assessment
Dietary intake was assessed using the Nigerian Dietary Screening Tool (NiDST), an interviewer-administered, culturally developed food-frequency screening instrument for Nigerian adults (Batubo et al., 2024; Batubo et al., 2024a). Participants reported habitual consumption of predefined food groups over the preceding month. The final dataset contained 24 food-group frequency variables: fruit, vegetables, rice, wheat, cereals, beans, nuts, red meat, white meat, processed foods/meat, eggs, fish, fried foods, fast foods, starchy foods, soup, fats/oils, desserts, soft drinks, alcohol, tea/coffee, milk/dairy, seasoning and salt. Consistent with the published NiDST validation procedure, reported weekly frequencies were converted to estimated intake/day by taking the midpoint of the reported weekly frequency category and dividing by seven days (Batubo et al., 2024a). Thus, ‘rarely or never’ was coded as 0 servings/day; ‘1–2 times/week’ as (1+2)/2 ÷ 7 = 0.21 servings/day; ‘3–5 times/week’ as (3+5)/2 ÷ 7 = 0.57 servings/day; and ‘daily’ as 1.00 serving/day. These four converted values (0, 0.21, 0.57 and 1.00 intakes/day) were the only NiDST frequency values used for the analysis. 
2.4.3 Anthropometric and Blood Pressure Measurements
Anthropometric measurements followed standard WHO procedures. Weight was measured with calibrated digital scales, height with standard stadiometers (model number: DG2301, China) and waist circumference with non-elastic tapes. BMI was calculated as weight in kilograms divided by height in metres squared. Participants’ blood pressure was measured using an automated sphygmomanometer (model number: ZK-BB68, Shenzhen, China), after five minutes of rest. Three readings were obtained, and the mean value was recorded. 
2.4.4 Biochemical Measurements
Fasting venous blood samples (5 mL) were collected from participants by trained phlebotomists after an overnight fast and analysed in an accredited laboratory. Fasting blood glucose and lipid-profile parameters were determined using standard enzymatic colourimetric methods with a Mindray BS-200 automated chemistry analyser (Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China). Serum total cholesterol and triglycerides were measured enzymatically, while HDL-C was determined using a direct enzymatic method. LDL-C and VLDL-C were obtained according to the analytical procedure adopted by the laboratory. The biochemical variables available for analysis comprised fasting blood glucose, total cholesterol, triglycerides, HDL-C, LDL-C and VLDL-C.
2.5 Definition of Clustered Cardiometabolic Abnormalities
Clustered cardiometabolic abnormalities (CCA) were operationally defined as the co-occurrence of established cardiometabolic risk abnormalities within the same participant. The construct was intended to quantify the cumulative burden of measurable cardiometabolic abnormalities in the study population rather than to diagnose metabolic syndrome. This distinction was necessary because conventional metabolic syndrome definitions incorporate central obesity based on waist circumference together with elevated blood pressure, dysglycaemia, hypertriglyceridaemia and reduced high-density lipoprotein cholesterol (HDL-C), with the diagnosis generally requiring the presence of at least three components (American Heart Association, 2023). In the present study, however, general obesity assessed using body mass index (BMI) was used in place of waist circumference; consequently, the term CCA was considered more appropriate and less likely to imply a formal metabolic syndrome diagnosis.
Five cardiometabolic abnormalities were included in the CCA construct. General obesity was defined as BMI ≥30 kg/m², consistent with the World Health Organization classification of obesity in adults (World Health Organisation, 2025). Elevated blood pressure was defined as systolic blood pressure (SBP) ≥130 mmHg and/or diastolic blood pressure (DBP) ≥85 mmHg. Participants with a previous diagnosis of hypertension or those currently receiving antihypertensive medication were also classified as having the blood-pressure abnormality irrespective of their measured blood pressure at the study visit. The 130/85 mmHg threshold corresponds to the internationally recognised blood-pressure component used in cardiometabolic clustering and metabolic syndrome assessment (American Heart Association, 2023).
Dysglycaemia was defined as fasting blood glucose ≥5.6 mmol/L (100 mg/dL), a previous diagnosis of diabetes mellitus or current use of glucose-lowering medication. The fasting glucose threshold of 5.6 mmol/L corresponds to the recognised abnormal glycaemic threshold incorporated into established metabolic syndrome criteria (American Heart Association, 2023). Hypertriglyceridaemia was defined as fasting triglycerides ≥1.7 mmol/L (150 mg/dL), while reduced HDL-C was defined using sex-specific cut-offs of <1.03 mmol/L (40 mg/dL) in men and <1.29 mmol/L (50 mg/dL) in women. These thresholds are consistent with internationally recognised lipid criteria used to identify cardiometabolic abnormalities (American Heart Association, 2023). 
Each of the five abnormalities, general obesity, elevated blood pressure, dysglycaemia, hypertriglyceridaemia and reduced HDL-C, was coded dichotomously as absent (0) or present (1). The values were subsequently summed for each participant to generate an individual CCA burden score ranging from 0 to 5. This approach allowed cardiometabolic burden to be evaluated as the number of co-occurring abnormalities rather than as isolated risk factors. Participants with zero or one abnormality were classified as having lower CCA burden, whereas participants with two or more abnormalities were classified as having higher CCA burden. The ≥2 threshold was selected to represent the presence of true clustering, that is, the coexistence of at least two distinct cardiometabolic abnormalities, rather than an isolated abnormality. It was therefore used as an epidemiological burden threshold and not as a diagnostic cut-off for metabolic syndrome. In addition, the presence of three or more abnormalities (CCA ≥3) was examined as a secondary higher-burden phenotype to determine whether the observed dietary-pattern associations persisted when a more stringent level of cardiometabolic clustering was considered.
2.6 Derivation and Retention of Dietary Patterns
Dietary-pattern analysis was performed on the 24 converted NiDST food-group intake variables. Each food-group variable was standardised to a z-score (mean 0, SD 1) before principal component analysis (PCA) so that variables measured on the same frequency scale contributed according to their correlation structure rather than absolute variance. Sampling adequacy was assessed using the Kaiser–Meyer–Olkin statistic and Bartlett’s test of sphericity. Components were extracted from the correlation matrix and orthogonally rotated using varimax rotation. Component retention was evaluated using five prespecified criteria: eigenvalues >1.0 (Kaiser criterion), visual inspection of the scree plot, parallel analysis, cumulative variance explained, and nutritional interpretability/stability of the rotated solution. Parallel analysis was performed using 1,000 randomly generated normally distributed datasets with the same sample size (n=477) and number of dietary variables (24); an observed component was considered supported when its eigenvalue exceeded the corresponding 95th percentile eigenvalue from the simulated datasets. 
2.7 Statistical Analysis
All statistical analyses were performed in R version 4.4.2 within the RStudio integrated development environment. The final locked complete-case dataset (n=477) was analysed without statistical imputation. Age, BMI, SBP and DBP were summarised as mean ± SD and compared between lower and higher CCA burden using Welch’s two-sample t-test. Biochemical variables and converted NiDST food-group frequencies were compared using two-sided Mann–Whitney U tests; food-frequency variables were reported as mean ± SD and median (IQR). Categorical variables were reported as n (%) and compared using Pearson’s chi-square test, with Fisher’s exact test for sparse 2×2 comparisons.
NiDST weekly frequency categories were converted to estimated servings/day using the midpoint of each category divided by seven, consistent with the published validation procedure (Batubo et al., 2024a). Thus, rarely/never=0, 1–2 times/week=0.21, 3–5 times/week=0.57 and daily=1.00 servings/day. The 24 converted food-group variables were z-standardised before PCA. Sampling adequacy was assessed using the Kaiser–Meyer–Olkin statistic and Bartlett’s test of sphericity. PCA was performed on the correlation matrix followed by orthogonal varimax rotation. Component retention considered the Kaiser criterion, scree plot, cumulative variance, parallel analysis, interpretability and bootstrap stability. Parallel analysis used 1,000 random datasets of 477×24 variables and retained components whose observed eigenvalues exceeded the corresponding 95th percentile simulated eigenvalues. Three-, four-, five- and six-component solutions were compared. Bootstrap stability used 300 resamples with replacement, with components matched by maximum absolute correlation between loading vectors. Foods with |loading|≥0.40 defined pattern labels; complete standardised rotated factor scores were the primary exposures.
Robust Poisson generalised linear models with a log link and heteroskedasticity-robust sandwich standard errors estimated prevalence ratios because higher CCA burden was common. Pattern scores were entered per 1-SD increase. The primary model mutually included all three pattern scores and adjusted a priori for age (per 10-year increase), sex, educational attainment and ethnicity. The extended model additionally adjusted for marital status and economically active employment. The same primary adjustment structure was used for CCA ≥3 and each individual CCA component. High adherence was defined as the highest tertile of a pattern score, and predominant pattern as the participant’s highest standardised PCA factor score. Restricted loading-weighted scores using only |loading|≥0.40 foods were analysed as a sensitivity analysis. Statistical significance was set at P<.05; exact P values were reported except P<.001, and effect estimates with 95% CIs were prioritised.
2.9 Patient and Public Involvement
Community leaders and local health authorities were engaged before recruitment, and sensitisation meetings and announcements were used to explain study objectives, procedures and anticipated benefits. 
3. RESULTS AND DISCUSSION
3.1 Results
3.1.1 Participant Characteristics and CCA Burden
Table 1 presents the sociodemographic characteristics of the 477 adults according to clustered cardiometabolic abnormality (CCA) burden in Ikwerre Local Government Area, Rivers State, Nigeria. Overall, 180 (37.7%) participants had a lower CCA burden, whereas 297 (62.3%) had a higher CCA burden. Participants with a higher CCA burden were older than those with a lower burden, with mean ages of 58.42 ± 13.44 years and 53.51 ± 16.84 years, respectively (p=.001). Females constituted the majority of the study population, accounting for 279 (58.5%) participants overall, including 180 (60.6%) of those with higher CCA burden and 99 (55.0%) of those with lower CCA burden. However, the distribution of CCA burden did not differ significantly by sex (p=.268). Educational level differed significantly between the two CCA groups (p<.001). Participants with no formal schooling were more frequently represented in the higher CCA burden group than in the lower burden group (15.2% vs 5.0%), whereas secondary education was more common among those with lower CCA burden (50.0% vs 30.3%). Marital status also showed a significant association with CCA burden (p<.001). In particular, widowed participants constituted 45.5% of the higher CCA burden group compared with 25.0% of the lower burden group, whereas all never-married participants were classified within the lower CCA burden group.
Ethnicity was significantly associated with CCA burden (p=.005). Ikwerre participants remained the predominant ethnic group in both categories, although they accounted for a larger proportion of the lower burden group than the higher burden group (85.0% vs 72.7%). Employment status also differed significantly between groups (p<.001). Unemployment was more common among participants with higher CCA burden than among those with lower burden (30.3% vs 15.0%), while self-employment was relatively more frequent among those with lower CCA burden (35.0% vs 27.3%). Household size was significantly associated with CCA burden (p<.001). Participants living in households with more than five persons constituted 51.5% of the higher CCA burden group compared with 40.0% of the lower burden group. Conversely, living alone was observed only among participants with lower CCA burden. Overall, higher CCA burden was more frequently observed among older adults and varied significantly according to educational level, marital status, ethnicity, employment status, and household size, while no significant difference was observed by sex.
Table 1. Sociodemographic characteristics of participants according to CCA burden Among Adults in Ikwerre Local Government Area, Rivers State, Nigeria
	Characteristic
	Overall 
(n=477)
	Lower CCA burden (n=180)
	Higher CCA burden (n=297)
	P-value

	Age, years, mean ± SD
	56.57 ± 14.97
	53.51 ± 16.84
	58.42 ± 13.44
	.001

	Sex, n (%)
	.268
	
	
	

	Male
	198 (41.5)
	81 (45.0)
	117 (39.4)
	

	Female
	279 (58.5)
	99 (55.0)
	180 (60.6)
	

	Educational level, n (%)
	
	
	
	<.001

	No formal schooling
	54 (11.3)
	9 (5.0)
	45 (15.2)
	

	Primary school
	81 (17.0)
	27 (15.0)
	54 (18.2)
	

	Secondary school
	180 (37.7)
	90 (50.0)
	90 (30.3)
	

	Post-secondary education
	162 (34.0)
	54 (30.0)
	108 (36.4)
	

	Marital status, n (%)
	
	
	
	<.001

	Never married
	45 (9.4)
	45 (25.0)
	0 (0.0)
	

	Currently married
	243 (50.9)
	90 (50.0)
	153 (51.5)
	

	Cohabiting
	9 (1.9)
	0 (0.0)
	9 (3.0)
	

	Widowed
	180 (37.7)
	45 (25.0)
	135 (45.5)
	

	Ethnicity, n (%)
	
	
	
	.005

	Ikwerre
	369 (77.4)
	153 (85.0)
	216 (72.7)
	

	Igbo
	45 (9.4)
	9 (5.0)
	36 (12.1)
	

	Other ethnic groups
	63 (13.2)
	18 (10.0)
	45 (15.2)
	

	Employment status, n (%)
	
	
	
	<.001

	Government employee
	9 (1.9)
	9 (5.0)
	0 (0.0)
	

	Non-government employee
	45 (9.4)
	9 (5.0)
	36 (12.1)
	

	Self-employed
	144 (30.2)
	63 (35.0)
	81 (27.3)
	

	Homemaker
	18 (3.8)
	0 (0.0)
	18 (6.1)
	

	Student
	18 (3.8)
	18 (10.0)
	0 (0.0)
	

	Retired
	108 (22.6)
	45 (25.0)
	63 (21.2)
	

	Unemployed
	117 (24.5)
	27 (15.0)
	90 (30.3)
	

	Household size, n (%)
	
	
	
	<.001

	Living alone
	18 (3.8)
	18 (10.0)
	0 (0.0)
	

	2–3 persons
	54 (11.3)
	27 (15.0)
	27 (9.1)
	

	4–5 persons
	180 (37.7)
	63 (35.0)
	117 (39.4)
	

	>5 persons
	225 (47.2)
	72 (40.0)
	153 (51.5)
	


Values are mean ± SD or n (%) as appropriate. Exact P values are reported except P < .001. Values are presented as mean ± standard deviation (SD) or frequency (%), as appropriate. P-values compare participants with lower and higher clustered cardiometabolic abnormality (CCA) burden. Statistical significance was defined as p<0.05.
3.1.2 Clinical and Cardiometabolic Characteristics
Table 2 summarises the clinical and cardiometabolic characteristics of participants according to clustered cardiometabolic abnormality (CCA) burden. Participants with a higher CCA burden consistently demonstrated less favourable cardiometabolic profiles than those with a lower burden. The mean body mass index was higher among participants with higher CCA burden than among those with lower burden (33.99 ± 8.01 vs 26.15 ± 5.38 kg/m²; p<.001). Similarly, both systolic and diastolic blood pressures were markedly higher in the higher CCA burden group. Mean systolic blood pressure was 141.55 ± 21.90 mmHg compared with 111.80 ± 12.59 mmHg in the lower burden group, while mean diastolic blood pressure was 95.97 ± 18.02 mmHg compared with 73.60 ± 10.19 mmHg, respectively (both p<.001).
Furthermore, the fasting blood glucose also differed significantly between the two groups, with participants in the higher CCA burden group recording a mean value of 7.50 ± 2.32 mmol/L compared with 4.16 ± 0.44 mmol/L among those with lower burden (p<.001). In addition, total cholesterol, triglycerides, LDL-C and VLDL-C were all significantly higher among participants with higher CCA burden. Mean total cholesterol was 3.66 ± 0.77 mmol/L in the higher burden group compared with 3.04 ± 0.47 mmol/L in the lower burden group, while triglyceride concentrations were 1.45 ± 0.25 mmol/L and 1.18 ± 0.16 mmol/L, respectively (both p<.001). Mean LDL-C was likewise higher among participants with higher burden (1.61 ± 0.72 vs 1.08 ± 0.46 mmol/L; p<.001), as was VLDL-C (0.66 ± 0.11 vs 0.54 ± 0.07 mmol/L; p<.001).
In contrast, HDL-C concentrations were similar between participants with higher and lower CCA burden (1.40 ± 0.22 vs 1.42 ± 0.23 mmol/L), and the difference was not statistically significant (p=.460). Overall, higher CCA burden was characterised by significantly greater adiposity, higher blood pressure, elevated fasting glucose and a less favourable lipid profile, with the exception of HDL-C.
Table 2. Clinical and cardiometabolic characteristics of participants according to CCA burden Among Adults in Ikwerre Local Government Area, Rivers State, Nigeria
	Characteristic
	Overall 
(n=477)
	Lower CCA burden (n=180)
	Higher CCA burden (n=297)
	P-value

	BMI, kg/m²
	31.03 ± 8.08
	26.15 ± 5.38
	33.99 ± 8.01
	<.001

	SBP, mmHg
	130.32 ± 23.79
	111.80 ± 12.59
	141.55 ± 21.90
	<.001

	DBP, mmHg
	87.53 ± 18.94
	73.60 ± 10.19
	95.97 ± 18.02
	<.001

	Fasting blood glucose, mmol/L
	6.24 ± 2.46
	4.16 ± 0.44
	7.50 ± 2.32
	<.001

	Total cholesterol, mmol/L
	3.43 ± 0.74
	3.04 ± 0.47
	3.66 ± 0.77
	<.001

	Triglycerides, mmol/L
	1.35 ± 0.26
	1.18 ± 0.16
	1.45 ± 0.25
	<.001

	HDL-C, mmol/L
	1.41 ± 0.23
	1.42 ± 0.23
	1.40 ± 0.22
	.460

	LDL-C, mmol/L
	1.41 ± 0.68
	1.08 ± 0.46
	1.61 ± 0.72
	<.001

	VLDL-C, mmol/L
	0.61 ± 0.12
	0.54 ± 0.07
	0.66 ± 0.11
	<.001


Values are mean ± SD or n (%) as appropriate. Values are presented as mean ± standard deviation (SD). Lower clustered cardiometabolic abnormality (CCA) burden was defined as 0–1 cardiometabolic abnormalities, while higher CCA burden was defined as ≥2 abnormalities. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol. P-values compare participants with lower and higher CCA burden; statistical significance was set at p<0.05. Exact p-values are reported except where p<0.001.
3.1.3 Components and Distribution of CCA
Table 3 presents the continuous cardiometabolic measures and prevalence of the individual abnormalities contributing to the CCA construct. Participants with higher CCA burden demonstrated substantially less favourable cardiometabolic profiles than those with lower burden. Mean BMI was higher among participants with higher CCA burden than among those with lower burden (33.99 ± 8.01 vs 26.15 ± 5.38 kg/m²; p<.001). Similarly, mean systolic blood pressure (141.55 ± 21.90 vs 111.80 ± 12.59 mmHg), diastolic blood pressure (95.97 ± 18.02 vs 73.60 ± 10.19 mmHg), fasting blood glucose (7.50 ± 2.32 vs 4.16 ± 0.44 mmol/L), and triglycerides (1.45 ± 0.25 vs 1.18 ± 0.16 mmol/L) were significantly higher among participants with higher CCA burden (all p<.001). In contrast, HDL-C concentrations were comparable between the higher and lower CCA burden groups (1.40 ± 0.22 vs 1.42 ± 0.23 mmol/L; p=.460).
Elevated blood pressure was the most prevalent individual cardiometabolic abnormality, affecting 315 (66.0%) participants overall, followed by dysglycaemia in 227 (47.6%) and general obesity in 223 (46.8%). Reduced HDL-C and hypertriglyceridaemia were present in 99 (20.8%) and 86 (18.0%) participants, respectively. Each individual abnormality was significantly more prevalent among participants with higher CCA burden (all p<.001). Notably, elevated blood pressure was present in 90.9% of participants with higher CCA burden compared with 25.0% of those with lower burden, while general obesity occurred in 63.6% and 18.9%, respectively. Dysglycaemia and hypertriglyceridaemia were observed exclusively within the higher CCA burden group, affecting 76.4% and 29.0% of participants, respectively. As shown in Table 4, 92 (19.3%) participants had no cardiometabolic abnormality and 88 (18.4%) had one abnormality. In contrast, 117 (24.5%) had two abnormalities, 115 (24.1%) had three, 43 (9.0%) had four, and 22 (4.6%) had all five abnormalities. Consequently, 297 (62.3%) participants had at least two co-occurring cardiometabolic abnormalities and were classified as having higher CCA burden. Furthermore, 180 (37.7%) participants had three or more abnormalities, representing the secondary higher-burden phenotype.
Table 3. Continuous CCA measures and prevalence of individual cardiometabolic abnormalities Among Adults in Ikwerre Local Government Area, Rivers State, Nigeria
	Component/measure
	Overall 
(n=477)
	Lower CCA 
burden (n=180)
	Higher CCA 
burden (n=297)
	P-value

	Continuous measures, mean ± SD

	BMI, kg/m²
	31.03 ± 8.08
	26.15 ± 5.38
	33.99 ± 8.01
	<.001

	SBP, mmHg
	130.32 ± 23.79
	111.80 ± 12.59
	141.55 ± 21.90
	<.001

	DBP, mmHg
	87.53 ± 18.94
	73.60 ± 10.19
	95.97 ± 18.02
	<.001

	Fasting blood glucose, mmol/L
	6.24 ± 2.46
	4.16 ± 0.44
	7.50 ± 2.32
	<.001

	Triglycerides, mmol/L
	1.35 ± 0.26
	1.18 ± 0.16
	1.45 ± 0.25
	<.001

	HDL-C, mmol/L
	1.41 ± 0.23
	1.42 ± 0.23
	1.40 ± 0.22
	.460

	Individual cardiometabolic abnormalities, n (%)

	General obesity
	223 (46.8)
	34 (18.9)
	189 (63.6)
	<.001

	Elevated blood pressure
	315 (66.0)
	45 (25.0)
	270 (90.9)
	<.001

	Dysglycaemia
	227 (47.6)
	0 (0.0)
	227 (76.4)
	<.001

	Hypertriglyceridaemia
	86 (18.0)
	0 (0.0)
	86 (29.0)
	<.001

	Reduced HDL-C
	99 (20.8)
	9 (5.0)
	90 (30.3)
	<.001


Values are presented as mean ± standard deviation (SD) for continuous variables and frequency (%) for categorical variables. Lower clustered cardiometabolic abnormality (CCA) burden was defined as 0–1 cardiometabolic abnormalities, while higher CCA burden was defined as ≥2 abnormalities. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol. P-values compare participants with lower and higher CCA burden. Statistical significance was set at p<0.05; exact p-values are reported except where p<0.001.
Table 4. Distribution of the number of cardiometabolic abnormalities among Adults in Ikwerre Local Government Area, Rivers State, Nigeria
	Number of abnormalities
	n
	%

	0
	92
	19.3

	1
	88
	18.4

	2
	117
	24.5

	3
	115
	24.1

	4
	43
	9.0

	5
	22
	4.6

	Total
	477
	100.0


The CCA count ranged from 0 to 5 abnormalities. Participants with 0–1 abnormalities were classified as having lower CCA burden, whereas those with ≥2 abnormalities were classified as having higher CCA burden. A threshold of ≥3 abnormalities was additionally considered the secondary higher-burden phenotype.
3.1.4 Food-group Intake According to CCA Burden
Table 5 presents the frequency of NiDST food-group intake according to clustered cardiometabolic abnormality (CCA) burden among adults in Ikwerre Local Government Area, Rivers State, Nigeria. Statistically significant differences between participants with lower and higher CCA burden were observed for white lean meat, fried foods, soups and stews, fats and oils, desserts and sweets, alcoholic drinks, seasoning, and salty foods. White lean meat intake was significantly higher among participants with lower CCA burden, with a median intake score of 0.57 (IQR 0.21–0.57), compared with 0.21 (IQR 0.21–0.57) among those with higher CCA burden (p=.033). In contrast, fried-food intake was significantly higher among participants with higher CCA burden, with a median score of 0.57 (IQR 0.00–0.57) compared with 0.21 (IQR 0.21–0.57) in the lower-burden group (p=.049).
Participants with higher CCA burden also reported significantly greater intake of soups and stews [0.57 (IQR 0.21–1.00) vs 0.21 (IQR 0.21–0.57); p=.031], fats and oils [0.57 (IQR 0.21–1.00) vs 0.21 (IQR 0.21–0.57); p=.005], and desserts and sweets [0.57 (IQR 0.21–0.57) vs 0.21 (IQR 0.21–0.57); p=.010]. Although the median intake score for alcoholic drinks was 0.21 in both groups, the overall distribution differed significantly between lower and higher CCA-burden participants (p=.009), indicating a greater frequency of alcohol intake within the higher-burden group. The most marked between-group differences were observed for seasoning and salty foods. Median seasoning intake was 1.00 (IQR 0.57–1.00) among participants with higher CCA burden compared with 0.57 (IQR 0.21–0.57) among those with lower burden (p<.001). Similarly, median salty-food intake was 1.00 (IQR 0.57–1.00) in the higher CCA-burden group and 0.57 (IQR 0.21–0.68) in the lower-burden group (p<.001).
No statistically significant differences were observed between the CCA-burden groups for fruit, vegetables, rice, wheat, breakfast cereals, legumes, nuts and seeds, red meat, processed foods, eggs and egg products, fish and seafood, fast foods, tuber foods, soft drinks, tea and coffee, or dairy products (all p>0.05). Overall, higher CCA burden was associated with more frequent intake of several energy-dense and sodium-related food groups, while white lean meat intake was more frequent among participants with lower CCA burden.
Table 5. Frequency of NiDST food-group intake according to CCA burden among Adults in Ikwerre Local Government Area, Rivers State, Nigeria
	Food group Intake
	Overall 
(n=477)
	Lower CCA burden (n=180)
	Higher CCA burden (n=297)
	P-value

	Fruit
	0.21 (0.00–0.57)
	0.21 (0.00–0.57)
	0.21 (0.00–0.21)
	.123

	Vegetables
	0.21 (0.00–0.57)
	0.21 (0.16–0.30)
	0.21 (0.00–0.57)
	.648

	Rice
	0.21 (0.21–0.57)
	0.21 (0.16–0.57)
	0.21 (0.21–0.57)
	.083

	Wheat
	0.21 (0.00–0.57)
	0.21 (0.00–0.57)
	0.21 (0.00–0.57)
	.995

	Breakfast Cereals
	0.21 (0.00–0.21)
	0.21 (0.00–0.21)
	0.00 (0.00–0.21)
	.056

	Legumes (Beans)
	0.21 (0.00–0.57)
	0.21 (0.00–0.57)
	0.21 (0.00–0.57)
	.720

	Nuts and Seeds
	0.21 (0.16–0.57)
	0.57 (0.21–0.57)
	0.21 (0.00–0.57)
	.076

	Red meat
	0.57 (0.21–1.00)
	0.57 (0.21–1.00)
	0.57 (0.21–1.00)
	.547

	White (lean) meat
	0.21 (0.21–0.57)
	0.57 (0.21–0.57)
	0.21 (0.21–0.57)
	.033

	Processed foods
	0.57 (0.21–1.00)
	0.57 (0.21–1.00)
	0.57 (0.21–1.00)
	.237

	Eggs and Eggs products
	0.21 (0.21–0.57)
	0.21 (0.21–0.57)
	0.21 (0.21–0.57)
	.533

	Fish and Seefods
	0.21 (0.21–0.57)
	0.21 (0.21–0.57)
	0.39 (0.21–0.57)
	.593

	Fried foods
	0.57 (0.21–0.57)
	0.21 (0.21–0.57)
	0.57 (0.00–0.57)
	.049

	Fast foods
	0.21 (0.00–0.57)
	0.21 (0.16–0.57)
	0.21 (0.00–0.68)
	.544

	Tuber foods
	0.21 (0.21–0.57)
	0.21 (0.21–0.57)
	0.21 (0.21–0.57)
	.991

	Soups and Stews
	0.21 (0.21–1.00)
	0.21 (0.21–0.57)
	0.57 (0.21–1.00)
	.031

	Fats and oils
	0.57 (0.21–0.57)
	0.21 (0.21–0.57)
	0.57 (0.21–1.00)
	.005

	Desserts and sweats
	0.21 (0.21–0.57)
	0.21 (0.21–0.57)
	0.57 (0.21–0.57)
	.010

	Soft drinks
	0.21 (0.16–0.57)
	0.21 (0.21–0.57)
	0.21 (0.00–0.57)
	.375

	Alcoholic drinks
	0.21 (0.00–0.57)
	0.21 (0.00–0.21)
	0.21 (0.00–0.57)
	.009

	Tea and coffee
	0.21 (0.00–0.57)
	0.21 (0.00–0.57)
	0.21 (0.00–0.57)
	.097

	Dairy products
	0.57 (0.21–0.57)
	0.39 (0.21–0.57)
	0.57 (0.21–0.57)
	.749

	Seasoning
	0.78 (0.21–1.00)
	0.57 (0.21–0.57)
	1.00 (0.57–1.00)
	<.001

	Salty Foods
	0.57 (0.57–1.00)
	0.57 (0.21–0.68)
	1.00 (0.57–1.00)
	<.001


Values are presented as median (interquartile range [IQR]). Lower clustered cardiometabolic abnormality (CCA) burden was defined as 0–1 abnormalities and higher CCA burden as ≥2 abnormalities. Between-group differences were assessed using the Mann–Whitney U test. Statistical significance was defined as p<0.05. NiDST, Nigerian Diet Screening Tool.
3.1.5 Derivation and Characterisation of Dietary Patterns
The dietary data were suitable for principal component analysis, with a Kaiser–Meyer–Olkin measure of sampling adequacy of 0.817 and a significant Bartlett’s test of sphericity (p<0.001). Although six observed eigenvalues exceeded 1.0, parallel analysis and comparison of candidate solutions supported retention of three components. The three-component solution showed no weakly defined components and demonstrated greater stability and interpretability than higher-dimensional alternatives. Collectively, the retained components explained 50.8% of the total variance in dietary intake. As shown in Table 5 and Figure 1, Pattern 1 was defined predominantly by positive loadings for fried foods, fast foods, fats and oils, desserts and sweets, soft drinks, alcoholic drinks, soups and stews, starchy foods, red meat, and eggs, and was labelled the fried/fast food–fats/oils–dessert/soft drink–alcohol dietary pattern. Pattern 2 was characterised by positive loadings for wheat, breakfast cereals, legumes, and white lean meat, together with inverse loadings for processed foods/meat, seasoning, and salty foods, and was labelled the grain–legume–white meat dietary pattern. Pattern 3 was characterised by fruit, vegetables, rice, nuts and seeds, fish and seafood, tea and coffee, and dairy products, and was labelled the dairy–tea/coffee–fish–nuts–fruit/vegetable dietary pattern.
Table 6. Food-group loadings defining the three retained dietary patterns among adults in Ikwerre Local Government Area, Rivers State, Nigeria
	Dietary pattern
	Defining food group
	Rotated loading

	Pattern 1: Fried/fast food–fats/oils–dessert/soft drink–alcohol
	Red meat
	0.42

	
	Eggs
	0.43

	
	Fried foods
	0.74

	
	Fast foods
	0.69

	
	Starchy foods
	0.59

	
	Soups and stews
	0.76

	
	Fats and oils
	0.75

	
	Desserts and sweets
	0.77

	
	Soft drinks
	0.74

	
	Alcoholic drinks
	0.73

	Pattern 2: Grain–legume–white meat
	Wheat
	0.65

	
	Breakfast cereals
	0.60

	
	Legumes (beans)
	0.67

	
	White lean meat
	0.63

	
	Processed foods/meat
	−0.52

	
	Seasoning
	−0.66

	
	Salty foods
	−0.67

	Pattern 3: Dairy–tea/coffee–fish–nuts–fruit/vegetable
	Fruit
	0.51

	
	Vegetables
	0.50

	
	Rice
	0.57

	
	Nuts and seeds
	0.58

	
	Fish and seafood
	0.66

	
	Tea and coffee
	0.79

	
	Dairy products
	0.82


Principal component analysis was based on the NiDST food-group intake variables. Only food groups with absolute rotated factor loadings ≥0.40 are presented. Positive loadings indicate direct contribution to the dietary pattern, whereas negative loadings indicate inverse contribution. Where a food group cross-loaded on more than one component, it was assigned to the component with the larger absolute loading. KMO=0.817; Bartlett’s test of sphericity, p<0.001. The retained three-component solution explained 50.8% of the total variance.
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Figure 1. Scree plot and parallel analysis for component retention
3.1.6  Dietary Pattern Adherence and Distribution According to CCA Burden
Table 7 presents dietary-pattern scores, high-adherence prevalence, and predominant dietary-pattern distribution according to clustered cardiometabolic abnormality (CCA) burden. Participants with higher CCA burden had significantly higher scores for Pattern 1, the fried/fast food–high-fat–dessert/soft drink–alcohol pattern, than those with lower CCA burden (0.17 ± 1.10 vs −0.29 ± 0.74; p<.001). High adherence to Pattern 1 was also more frequent among participants with higher CCA burden than among those with lower burden [130 (43.8%) vs 29 (16.1%); p<.001]. In contrast, Pattern 2, the grain–legume–lean meat pattern, was more strongly represented among participants with lower CCA burden. Mean Pattern 2 scores were higher in the lower-burden group than in the higher-burden group (0.24 ± 0.88 vs −0.14 ± 1.05; p=.005). Similarly, high adherence to Pattern 2 was more common among participants with lower CCA burden [81 (45.0%) vs 78 (26.3%); p=.009].
Similarly, for Pattern 3, the fruit/vegetable–fish–nuts–dairy–tea/coffee pattern, mean scores did not differ significantly between participants with lower and higher CCA burden (−0.12 ± 0.96 vs 0.07 ± 1.02; p=.160). Likewise, high adherence to Pattern 3 was not significantly different between the two groups [52 (28.9%) vs 107 (36.0%); p=.323]. The distribution of predominant dietary patterns also differed significantly according to CCA burden (global p<.001). Pattern 1 was the predominant dietary pattern among 158 (53.2%) participants with higher CCA burden compared with 45 (25.0%) participants with lower burden. Conversely, Pattern 2 predominated among 110 (61.1%) participants with lower CCA burden compared with 74 (24.9%) participants with higher burden. Pattern 3 was predominant among 65 (21.9%) participants with higher CCA burden and 25 (13.9%) of those with lower burden. Overall, higher CCA burden was characterised by greater adherence to, and predominance of, the fried/fast food–high-fat–dessert/soft drink–alcohol dietary pattern, whereas lower CCA burden was more strongly associated with the grain–legume–lean meat dietary pattern.
Table 7. Dietary pattern scores and high adherence according to CCA burden among adults in Ikwerre Local Government Area, Rivers State, Nigeria
	Characteristic
	Pattern 1
	Pattern 2
	Pattern 3

	Pattern score, mean ± SD

	Overall
	0.00 ± 1.00
	0.00 ± 1.00
	0.00 ± 1.00

	Lower CCA burden (n=180)
	−0.29 ± 0.74
	0.24 ± 0.88
	−0.12 ± 0.96

	Higher CCA burden (n=297)
	0.17 ± 1.10
	−0.14 ± 1.05
	0.07 ± 1.02

	P-value
	<.001
	.005
	.160

	
	
	
	

	High adherence, n (%)

	Overall
	159 (33.3)
	159 (33.3)
	159 (33.3)

	Lower CCA burden (n=180)
	29 (16.1)
	81 (45.0)
	52 (28.9)

	Higher CCA burden (n=297)
	130 (43.8)
	78 (26.3)
	107 (36.0)

	P-value
	<.001
	.009
	.323

	Predominant dietary pattern, n (%)
	
	
	

	Overall (n=477)
	203 (42.6)
	184 (38.6)
	90 (18.9)

	Lower CCA burden (n=180)
	45 (25.0)
	110 (61.1)
	25 (13.9)

	Higher CCA burden (n=297)
	158 (53.2)
	74 (24.9)
	65 (21.9)

	Global P-value
	<.001
	
	


Pattern scores are standardised principal component analysis (PCA) factor scores and are presented as mean ± standard deviation (SD). High adherence was defined as membership in the highest tertile of the respective dietary-pattern score. Lower clustered cardiometabolic abnormality (CCA) burden was defined as 0–1 cardiometabolic abnormalities, whereas higher CCA burden was defined as ≥2 abnormalities. Statistical significance was set at p<0.05.
3.1.7 Adjusted Associations Between Dietary Patterns and Higher CCA Burden
Table 8 and Figure 2 illustrate the adjusted associations between dietary-pattern scores and elevated clustered cardiometabolic abnormality (CCA) burden. In the primary mutually adjusted model, Pattern 1 — characterised by fried/fast foods, fats/oils, desserts/soft drinks and alcohol — demonstrated a positive association with increased CCA burden. A 1-SD increment in the Pattern 1 score corresponded to a 15% higher prevalence of elevated CCA burden (adjusted prevalence ratio [aPR] 1.15, 95% CI 1.05–1.26; p = 0.004). Conversely, Pattern 2 — comprising grains, legumes and white meat — exhibited an inverse relationship with CCA burden. Each 1-SD increase in the Pattern 2 score was associated with a 19% reduction in the prevalence of elevated CCA burden (aPR 0.81, 95% CI 0.71–0.92; p < 0.001).
Conversely, Pattern 3 – characterised by dairy, tea/coffee, fish, nuts, and fruit/vegetables – demonstrated a positive association with increased carotid intima-media thickness (CCA) burden. Each 1-SD increment in the Pattern 3 score corresponded to a 22% rise in the prevalence of elevated CCA burden (adjusted prevalence ratio [aPR] 1.22, 95% confidence interval [CI] 1.09–1.36; p < 0.001). These associations remained largely unaltered in the extended model following additional adjustment for marital status and economic activity. Pattern 1 continued to show a positive association (aPR 1.15, 95% CI 1.05–1.26; p = 0.003), Pattern 2 a negative association (aPR 0.80, 95% CI 0.70–0.90; p < 0.001), and Pattern 3 a positive association (aPR 1.23, 95% CI 1.10–1.38; p < 0.001).  The restricted-score analysis, limited to the defining food groups, yielded estimates in the same direction. Pattern 1 remained positively associated (aPR 1.12, 95% CI 1.02–1.23; p = 0.016), Pattern 2 negatively associated (aPR 0.80, 95% CI 0.70–0.91; p < 0.001), and Pattern 3 positively associated (aPR 1.19, 95% CI 1.07–1.32; p = 0.002). Strong correlations were observed between the full principal component analysis (PCA)-derived scores and their restricted counterparts for Pattern 1 (r = 0.996), Pattern 2 (r = 0.976), and Pattern 3 (r = 0.983), confirming close agreement between the two scoring methods.
Table 8. Adjusted prevalence ratios for higher CCA burden according to dietary-pattern scores
	Model
	Pattern 1 
Fried/fast food–fats/oils–dessert/soft drink–alcohol
	Pattern 2 
Grain–legume–white meat
	Pattern 3 
Dairy–tea/coffee–fish–nuts–fruit/vegetable

	Primary model
	
	
	

	aPR (95% CI)
	1.15 (1.05–1.26)
	0.81 (0.71–0.92)
	1.22 (1.09–1.36)

	P-value
	.004
	<.001
	<.001

	Extended model
	
	
	

	aPR (95% CI)
	1.15 (1.05–1.26)
	0.80 (0.70–0.90)
	1.23 (1.10–1.38)

	P-value
	.003
	<.001
	<.001

	Restricted-score model
	
	
	

	aPR (95% CI)
	1.12 (1.02–1.23)
	0.80 (0.70–0.91)
	1.19 (1.07–1.32)

	P-value
	.016
	<.001
	.002

	Full–restricted score correlation, r
	.996
	.976
	.983


aPR, adjusted prevalence ratio; CI, confidence interval; PCA, principal component analysis; CCA, clustered cardiometabolic abnormalities. Estimates represent the change in prevalence of higher CCA burden (CCA ≥2 abnormalities) per 1-SD increase in each dietary-pattern score. The primary model included all three dietary-pattern scores and adjusted for age, sex, education and ethnicity. The extended model additionally adjusted for marital status and economically active employment. The restricted-score model used loading-weighted scores derived from the defining food groups only. Statistical significance was set at p<0.05.
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Figure 2. Adjusted prevalence ratios for higher clustered cardiometabolic abnormality burden per 1-SD increase in dietary-pattern scores
3.1.8 Associations With CCA ≥3 and Individual Cardiometabolic Abnormalities
Table 9 presents the associations of the three dietary-pattern scores with the more severe CCA phenotype, defined as three or more cardiometabolic abnormalities, and with the individual cardiometabolic components. Pattern 1, the fried/fast food–fats/oils–dessert/soft drink–alcohol pattern, remained positively associated with CCA ≥3, with each 1-SD increase in score corresponding to a 17% higher prevalence of this phenotype (aPR 1.17, 95% CI 1.01–1.36; p=.038). Pattern 1 was also positively associated with dysglycaemia (aPR 1.19, 95% CI 1.06–1.33; p=.004) and hypertriglyceridaemia (aPR 1.38, 95% CI 1.01–1.89; p=.046). The association with general obesity was borderline (aPR 1.15, 95% CI 1.00–1.31; p=.050), while no statistically significant associations were observed with elevated blood pressure or reduced HDL-C.
Pattern 2, the grain–legume–white meat pattern, showed a strong inverse association with CCA ≥3. Each 1-SD increase in Pattern 2 score was associated with a 52% lower prevalence of having at least three cardiometabolic abnormalities (aPR 0.48, 95% CI 0.38–0.61; p<.001). In component-specific analyses, Pattern 2 was inversely associated with general obesity (aPR 0.77, 95% CI 0.64–0.93; p=.007), elevated blood pressure (aPR 0.80, 95% CI 0.72–0.90; p<.001), and dysglycaemia (aPR 0.63, 95% CI 0.52–0.76; p<.001). Associations with hypertriglyceridaemia and reduced HDL-C were not statistically significant.
Pattern 3, the dairy–tea/coffee–fish–nuts–fruit/vegetable pattern, was positively associated with CCA ≥3, with each 1-SD increase in score associated with a 36% higher prevalence (aPR 1.36, 95% CI 1.16–1.59; p<.001). Pattern 3 was also positively associated with elevated blood pressure (aPR 1.16, 95% CI 1.05–1.28; p=.005) and dysglycaemia (aPR 1.30, 95% CI 1.14–1.49; p<.001). However, no statistically significant associations were observed with general obesity, hypertriglyceridaemia or reduced HDL-C.
Overall, the component-specific analyses showed that the dietary patterns were not uniformly associated with all cardiometabolic abnormalities. Pattern 2 demonstrated the most consistent inverse associations, particularly for obesity, elevated blood pressure and dysglycaemia, whereas Patterns 1 and 3 showed positive associations with the composite CCA phenotype but differed in the individual abnormalities with which they were associated.
Table 9. Adjusted associations of dietary-pattern scores with CCA ≥3 and individual cardiometabolic abnormalities

	Outcome
	Pattern 1: Fried/fast food–fats/oils–dessert/soft drink–alcohol
	Pattern 2: Grain–legume–white meat
	Pattern 3: Dairy–tea/coffee–fish–nuts–fruit/vegetable

	CCA ≥3 abnormalities
	1.17 (1.01–1.36); p=.038
	0.48 (0.38–0.61); p<.001
	1.36 (1.16–1.59); p<.001

	General obesity
	1.15 (1.00–1.31); p=.050
	0.77 (0.64–0.93); p=.007
	1.16 (0.99–1.37); p=.070

	Elevated blood pressure
	1.07 (0.98–1.15); p=.115
	0.80 (0.72–0.90); p<.001
	1.16 (1.05–1.28); p=.005

	Dysglycaemia
	1.19 (1.06–1.33); p=.004
	0.63 (0.52–0.76); p<.001
	1.30 (1.14–1.49); p<.001

	Hypertriglyceridaemia
	1.38 (1.01–1.89); p=.046
	0.72 (0.52–1.02); p=.063
	1.04 (0.82–1.32); p=.728

	Reduced HDL-C
	1.16 (0.87–1.55); p=.316
	1.15 (0.79–1.68); p=.465
	0.94 (0.69–1.30); p=.724


Values are adjusted prevalence ratios (aPRs) with 95% confidence intervals (CIs) per 1-SD increase in each dietary-pattern score. All models were mutually adjusted for the three dietary-pattern scores and further adjusted for age, sex, educational level and ethnicity. CCA, clustered cardiometabolic abnormalities; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol. Statistical significance was set at p<0.05.
3.2 Discussion
This community-based study identified three stable and interpretable dietary patterns and demonstrated that each had a distinct relationship with clustered cardiometabolic burden. Nearly two-thirds of participants had at least two cardiometabolic abnormalities, and more than one-third had three or more. A dietary pattern characterised by fried foods, fast foods, fats/oils, desserts, soft drinks and alcohol was positively associated with both higher CCA burden and CCA ≥3. In contrast, a grain–legume–white meat pattern with inverse loadings for processed foods, seasoning and salt was consistently associated with lower burden. The third pattern, comprising dairy, tea/coffee, fish, nuts, fruit, vegetables and rice, was positively associated with CCA despite containing several foods usually regarded as cardiometabolically favourable. The restricted-score sensitivity analysis reproduced all three primary associations.
The high prevalence of CCA in this community is consistent with the wider transition toward cardiometabolic multimorbidity in sub-Saharan Africa. Otieno et al. (2023) demonstrated that high blood sugar, hypercholesterolaemia, hypertension and cardiovascular disease can form distinct multimorbidity clusters across African populations. In Nigeria, the background prevalence of hypertension, obesity and dyslipidaemia is already substantial (Adeloye et al., 2021a, 2021b; Chori et al., 2022). The present data extend this evidence by showing how frequently several abnormalities coexist within the same community-dwelling adult. The higher-burden group was older and had markedly higher BMI, blood pressure, fasting glucose, total cholesterol, triglycerides and LDL-C, supporting the clinical coherence of the burden classification.
The adverse association of Pattern 1 is the most straightforward biologically. Its defining foods include fried foods, fast foods, fats/oils, desserts, soft drinks and alcohol, with additional contributions from soup, starchy foods, eggs and red meat. This combination is consistent with a transitional, energy-dense dietary behaviour rather than a purely 'Western' pattern because locally consumed soups and starches remain embedded within it. Recent sub-Saharan African evidence shows that traditional and processed dietary behaviours commonly coexist during nutrition transition (Ekerette et al., 2026; Kushitor et al., 2023).
The positive association with CCA is also consistent with broader evidence on highly processed and energy-dense foods. Prospective reviews link greater ultra-processed-food intake with incident obesity, hypertension, diabetes and dyslipidaemia (Mambrini et al., 2023), while meta-analysis shows higher metabolic-syndrome risk with greater consumption (Shu et al., 2023). Harb et al. (2023) similarly reviewed evidence linking ultra-processed foods with adult obesity. The individual food-group comparisons in the present study point in the same direction: fried foods, fats/oils, desserts and alcohol were reported more frequently among participants with higher CCA burden. These converging findings strengthen the interpretation that Pattern 1 captures a genuinely adverse behavioural configuration, although the observational design does not establish causality.
Pattern 2 showed the strongest inverse association with cardiometabolic burden. It was defined by wheat, cereals, beans and white meat and, importantly, by negative loadings for processed foods/meat, seasoning and salt. Consequently, its inverse association should not be interpreted simply as an effect of grains or white meat in isolation. Rather, the factor appears to represent a broader substitution pattern in which staple grains, legumes and leaner animal-source foods occur together with lower consumption of processed foods and highly seasoned or salty foods.
This interpretation is compatible with contemporary dietary guidance that emphasises high-quality carbohydrate sources, legumes and minimally processed proteins while limiting sodium and processed products (Pagidipati et al., 2025). It also aligns with African empirical studies showing that fish-, grain- and plant-associated patterns can differ from snack- or processed-food patterns in their health associations (Weil et al., 2023; Ekerette et al., 2026). The marked predominance of Pattern 2 among participants with lower burden—61.2% compared with 25.0% in the higher-burden group—provides an intuitive descriptive complement to the adjusted inverse prevalence ratio.
Pattern 3 requires the greatest caution. It was characterised by milk/dairy, tea/coffee, fish, nuts, fruit, vegetables and rice, yet higher scores were associated with greater CCA burden. It would therefore be inappropriate to label this factor 'healthy' or 'prudent' and then treat the positive association as evidence that these foods are harmful. Data-driven patterns are empirical covariance structures, not prespecified diet-quality scores. Segun et al. (2024) demonstrated in Nigerian adults that two ostensibly traditional patterns could have opposing obesity associations, while Moe et al. (2024) and Liu et al. (2024) show that pattern-level associations with metabolic syndrome depend on the exact composition and population context.
Several explanations are plausible. First, rice was an important positive loading, so the pattern may partly represent frequent staple carbohydrate consumption alongside nutrient-dense foods. Second, frequency data do not quantify portion size, energy intake, preparation method, added oils, sugar in tea/coffee or type of dairy product. Third, residual confounding may remain despite adjustment. Finally, reverse causation is particularly credible in a cross-sectional community study: individuals who know they have hypertension, diabetes or obesity may increase fish, fruit, vegetables or dairy and reduce other perceived high-risk foods after counselling. The thesis itself recognises post-diagnosis dietary modification as a potential source of paradoxical diet–disease associations. The positive Pattern 3 association should therefore be presented as an epidemiological observation requiring longitudinal confirmation rather than as evidence against established cardiometabolic dietary guidance.
The observed burden differences by age, education, marital status, employment and family size are consistent with the thesis conceptual framework, which treats dietary behaviour as embedded within household, socioeconomic and community contexts. Ikwerre LGA is undergoing rapid urbanisation while retaining strong agrarian and traditional food systems. This creates a layered food environment in which locally grown staples and vegetables coexist with commercial fried foods, processed snacks, sweetened beverages and restaurant foods. Studies in Accra and Burkina Faso similarly show that dietary-pattern adherence varies with age, education, socioeconomic position and urban context (Kushitor et al., 2023; Weil et al., 2023). These social gradients matter because interventions targeted only at individual knowledge may be insufficient if food availability, household size, affordability and eating outside the home shape pattern adherence.
The final analytical pathway has two methodological strengths. First, component retention was not based on the Kaiser criterion alone. Although six eigenvalues exceeded one, parallel analysis supported three components, and bootstrap evaluation showed that additional components became unstable or sparsely defined. This prevented over-extraction and produced three patterns with multiple salient foods. Second, the study separated pattern definition from exposure scoring. Foods with absolute loadings ≥0.40 were used to name and interpret patterns, while complete PCA factor scores were used for primary regression because they preserve the covariance structure of all included foods. The restricted loading-weighted sensitivity scores were then used to show that the primary associations were driven by the core defining foods. The very high correlations between full and restricted scores and the replication of all three associations provide reassuring internal robustness.
The findings have potential relevance for community screening and dietary counselling, but they should be translated cautiously. Pattern 1 identifies a practical cluster of modifiable behaviours, fried and fast foods, fats/oils, desserts, soft drinks and alcohol, that can be addressed through culturally specific counselling and food-environment interventions. The inverse Pattern 2 association suggests that promoting legumes, less processed grain-based meals and leaner protein sources while reducing processed foods and excessive seasoning/salt may be a useful direction for intervention. These recommendations are consistent with broader cardiometabolic dietary guidance (Pagidipati et al., 2025) and with Nigerian work demonstrating the feasibility of brief culturally adapted dietary screening and counselling (Batubo et al., 2024b, 2024c).
At the same time, the Pattern 3 finding illustrates why empirical patterns should not be converted directly into prescriptive dietary recommendations without additional evidence. The NiDST and Nigerian Diet Risk Score have already shown that locally adapted dietary information can support hypertension risk assessment (Batubo et al., 2025), but future intervention work should incorporate portion sizes, food preparation, processing level and repeated dietary assessment to distinguish causal food effects from behavioural adaptation.
Key strengths include the community-based sampling framework, the application of a validated Nigerian dietary instrument, and the use of objective anthropometric, blood pressure and biochemical measurements. The study employs a clinically transparent carotid intima–media thickness (CCA) burden framework, formal component-retention assessment, mutually adjusted robust Poisson models and sensitivity analyses based on core factor loadings. The presentation of lower versus higher burden facilitates straightforward clinical interpretation of participant phenotypes alongside regression estimates.  
Several limitations warrant consideration. The cross-sectional design precludes temporal or causal inference and allows for reverse causation. The final analysis uses a complete-case sample of 212 participants from a larger intended study, which may introduce selection bias if completeness was associated with diet or cardiometabolic status. The NiDST records frequency rather than portion size, energy intake, nutrient composition or detailed cooking methods. Although blood pressure and lipid procedures are described in the thesis, precise device and reagent manufacturers and certain laboratory quality-control details are unavailable in the source document. Residual confounding may persist, as physical activity, tobacco use, income and other variables were excluded from the pre-specified covariate set. The CCA construct represents a study-specific burden count rather than a diagnostic syndrome; consequently, the chosen thresholds should be regarded as operational epidemiological definitions. Finally, principal component analysis patterns are sample-dependent and require external validation.
4. CONCLUSION
Three stable dietary patterns characterised habitual food consumption among adults in Ikwerre LGA. A fried/fast food–fats/oils–dessert/soft drink–alcohol pattern was independently associated with greater clustered cardiometabolic burden, while a grain–legume–white meat pattern with lower processed-food, seasoning and salt loadings was associated with lower burden. A dairy–tea/coffee–fish–nuts–fruit/vegetable pattern was also positively associated with CCA, but this counterintuitive observation should be interpreted cautiously because of mixed pattern composition, residual confounding and potential post-diagnosis dietary modification. The high prevalence of multiple abnormalities and the strong differentiation of predominant patterns between burden groups support culturally tailored, whole-diet approaches to cardiometabolic prevention in Nigerian communities and underscore the need for longitudinal validation.
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