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Abstract
Background: Lifestyle modification is essential for hypertension control, yet adherence remains poor in routine clinical practice. Objective: To assess lifestyle adherence and clinical outcomes among hypertensive patients at Riphah Rehablitation Center. Methods: This cross-sectional study included 317 patients. Demographic, clinical, lifestyle adherence, disease-related knowledge, and cardiometabolic outcome variables were analyzed. Poor clinical outcome predictors were assessed using multivariable logistic regression. Results: The mean age was 64.8 ± 13.9 years, and 66.6% were female. Overall lifestyle adherence was observed in only 23.7% of participants, while 76.3% had poor clinical outcomes. LDL cholesterol was not at goal in 59.9%, BMI was not at goal in 79.8%, and inadequate physical activity was reported by 65.6%. Independent predictors of poor clinical outcome included age ≥65 years, diabetes mellitus, metabolic syndrome, poor disease-related knowledge, and family history of cardiometabolic disease. Secondary or higher education and income above the median were protective factors. Conclusion: Poor lifestyle adherence and adverse clinical outcomes were highly prevalent among hypertensive patients. Structured lifestyle counseling, patient education, and targeted cardiometabolic risk management are needed to improve hypertension outcomes. Keywords: Hypertension, Lifestyle Adherence, Clinical Outcomes, Metabolic Syndrome, Patient Education, Teaching Hospital. 
Introduction
Hypertension remains a leading modifiable contributor to cardiovascular morbidity, premature mortality, and health-system burden worldwide, yet effective control depends not only on pharmacological treatment but also on sustained adherence to lifestyle modification. Recommended lifestyle measures, including dietary regulation, sodium restriction, regular physical activity, weight control, smoking avoidance, and cardiometabolic risk reduction, are central components of hypertension management and are strongly associated with improved blood pressure control and reduced cardiovascular risk (1). Despite this, adherence to lifestyle recommendations among hypertensive patients remains suboptimal across diverse clinical settings, particularly where older age, limited education, comorbid diabetes, dyslipidemia, obesity, and poor disease-related knowledge coexist (2).
Previous studies have shown that lifestyle adherence in hypertension is influenced by socioeconomic status, health literacy, patient knowledge, comorbidity burden, and access to structured counseling (3,4). Evidence also suggests that poor adherence contributes to uncontrolled cardiometabolic risk profiles, including elevated body mass index, increased waist circumference, inadequate physical activity, and failure to achieve lipid targets (5). However, limited local hospital-based evidence is available on how lifestyle adherence and clinical outcomes interact among hypertensive patients receiving care in teaching-hospital settings, where patient education, follow-up care, and multidisciplinary counseling may substantially influence disease control.
At Riphah Rehablitation Center, patients with hypertension frequently present with overlapping cardiometabolic risk factors, including diabetes mellitus, dyslipidemia, obesity, and metabolic syndrome. In the present study dataset, only 23.7% of participants demonstrated overall lifestyle adherence, while 76.3% had poor overall clinical outcomes, indicating a substantial gap between recommended care and achieved risk control . These findings justify focused investigation into the sociodemographic, clinical, and knowledge-related predictors of poor outcomes among hypertensive patients.
Therefore, this study aimed to assess lifestyle adherence and its association with clinical outcomes among hypertensive patients at Riphah Rehablitation Center. The study further sought to identify independent predictors of poor clinical outcome, including age, sex, education, income, diabetes mellitus, metabolic syndrome, disease-related knowledge, and family history of cardiometabolic disease.
Material AND METHOD
A hospital-based cross-sectional observational study was conducted at Riphah Rehablitation Center to evaluate lifestyle adherence and associated clinical outcomes among hypertensive patients attending outpatient follow-up services. The study was performed over a predefined data collection period among adult patients receiving routine hypertension-related care. The cross-sectional design was selected because it allowed simultaneous assessment of lifestyle behaviors, cardiometabolic risk factors, and clinical outcomes within a real-world clinical population while enabling evaluation of independent predictors associated with poor outcomes.
Adult patients diagnosed with hypertension and attending chronic disease or medical outpatient clinics during the study period were considered eligible for participation. Patients aged 18 years or older with a confirmed diagnosis of hypertension and willingness to participate were included. Individuals with severe cognitive impairment, acute medical instability, pregnancy-related hypertension, or incomplete clinical information were excluded to preserve data validity and minimize classification bias. Participants were recruited using a consecutive sampling approach during routine clinic attendance until the required sample size of 317 participants was achieved . Written informed consent was obtained from all participants before enrollment, and confidentiality of collected information was maintained throughout the study process.
Data were collected using a structured interviewer-administered questionnaire combined with clinical record review and anthropometric assessment. Sociodemographic variables included age, sex, educational status, income level, smoking status, alcohol use, and family history of cardiometabolic disease. Clinical variables included hypertension status, diabetes mellitus, dyslipidemia, obesity, metabolic syndrome, body mass index, waist circumference, and low-density lipoprotein cholesterol levels. Lifestyle adherence variables assessed adherence to sodium restriction, dietary recommendations, fruit and vegetable intake, physical activity, and disease-related knowledge. Standardized measurement procedures were used for anthropometric assessment, including body weight, height, and waist circumference. Body mass index was calculated as weight in kilograms divided by height in meters squared. Lifestyle adherence scores were generated using predefined criteria based on adherence to recommended behavioral modifications for hypertension management.
The primary study outcome was overall clinical outcome status, categorized as good or poor clinical outcome according to combined assessment of adherence-related and cardiometabolic indicators. Operational definitions were established before analysis to ensure consistency in classification. Adequate physical activity, dietary adherence, sodium restriction adherence, and target attainment for body mass index and LDL cholesterol were categorized according to accepted hypertension-management recommendations. Disease-related knowledge was classified as average/good or poor based on questionnaire scoring thresholds. To minimize interviewer and information bias, all data collectors received standardized training before study initiation, and data collection tools were pilot-tested before implementation. Double-checking of completed questionnaires and routine verification against medical records were performed to ensure completeness and data integrity.
The sample size was considered adequate to estimate prevalence measures and identify clinically relevant associations between lifestyle adherence variables and poor clinical outcomes with sufficient statistical precision. Data were entered, cleaned, and analyzed using Statistical Package for the Social Sciences software. Descriptive statistics were reported as frequencies, percentages, means with standard deviations, or medians with interquartile ranges where appropriate. Inferential analysis was conducted to identify predictors of poor clinical outcome. Binary logistic regression analysis was initially performed to evaluate crude associations between independent variables and outcome status. Variables with clinical relevance or statistical significance in univariate analysis were entered into multivariable logistic regression models to calculate adjusted odds ratios with 95% confidence intervals. Statistical significance was defined as a two-sided p-value of less than 0.05. Missing or incomplete observations were reviewed before final analysis, and records with substantial missing information affecting primary variables were excluded from inferential modeling to reduce analytical bias.
Potential confounding was addressed through multivariable adjustment for demographic, socioeconomic, and clinical covariates including age, sex, education, income, diabetes mellitus, metabolic syndrome, and family history of cardiometabolic disease. Internal consistency checks and standardized coding procedures were applied during data entry and analysis to improve reproducibility and analytical transparency. Ethical approval for the study was obtained from the institutional ethical review committee of Riphah Rehablitation Center before commencement of data collection, and the study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki.
Results
A total of 317 participants were included in the final analysis. The mean age of the study population was 64.8 ± 13.9 years, and females constituted 66.6% of the participants. The mean body mass index was 28.7 ± 5.4 kg/m², while 70.0% of participants had waist circumference values above recommended targets. Current smokers accounted for 19.9% of the study population, whereas 86.1% reported alcohol abstinence. Secondary or higher education was observed in 44.8% of participants, and 40.4% had monthly income above the median level. A family history of cardiometabolic disease was present in 43.2% of patients (Table 1) .
Table 1. Baseline Demographic and Clinical Characteristics of Participants (n=317)
	Variable
	n
	% / Mean ± SD
	p-value

	Age, years
	317
	64.8 ± 13.9
	—

	Female sex
	211
	66.6
	0.041

	Male sex
	106
	33.4
	Reference

	BMI, kg/m²
	317
	28.7 ± 5.4
	0.008

	Waist circumference above target
	222
	70.0
	<0.001

	Current smoker
	63
	19.9
	0.029

	Alcohol abstinence
	273
	86.1
	0.117

	Secondary or higher education
	142
	44.8
	0.005

	Monthly income above median
	128
	40.4
	0.001

	Family history of cardiometabolic disease
	137
	43.2
	0.037


Regarding comorbidities and lifestyle-related study variables, hypertension was identified in 75.1% of participants, diabetes mellitus in 35.0%, dyslipidemia in 54.9%, metabolic syndrome in 47.0%, and obesity in 36.6%. LDL cholesterol targets were achieved in only 40.1% of patients, whereas only 20.2% attained recommended BMI goals. Adequate physical activity was reported by 34.4% of participants. Sodium restriction adherence was observed in 54.6%, dietary adherence in 47.6%, and adequate fruit and vegetable intake adherence in 30.3%. Average or good disease-related knowledge was documented in 52.4% of participants. Overall lifestyle adherence was low, observed in only 23.7% of the study population (Table 2) .
Table 2. Clinical Comorbidities and Lifestyle Adherence Variables
	Variable
	n
	%
	p-value

	Hypertension
	238
	75.1
	—

	Diabetes mellitus
	111
	35.0
	0.021

	Dyslipidemia
	174
	54.9
	0.014

	Metabolic syndrome
	149
	47.0
	0.003

	Obesity
	116
	36.6
	0.011

	LDL cholesterol at goal
	127
	40.1
	0.018

	BMI at goal
	64
	20.2
	<0.001

	Adequate physical activity
	109
	34.4
	0.009

	Sodium restriction adherence
	173
	54.6
	0.033

	Dietary adherence
	151
	47.6
	0.027

	Fruit/vegetable intake adherence
	96
	30.3
	0.006

	Average or good disease-related knowledge
	166
	52.4
	0.032

	Overall lifestyle adherence
	75
	23.7
	<0.001


Clinical outcome assessment demonstrated that only 23.7% of participants achieved good overall clinical outcomes, while 76.3% had poor outcomes. The mean adherence score was 27.4 ± 18.6%. Failure to achieve recommended cardiometabolic targets was highly prevalent, including LDL cholesterol not at goal in 59.9%, BMI not at goal in 79.8%, and waist circumference not at goal in 70.0% of participants. Inadequate physical activity was reported in 65.6%, while non-adherence to dietary recommendations and sodium restriction was observed in 52.4% and 45.4% of participants, respectively (Table 3) .
Table 3. Clinical Outcomes and Adherence Indicators
	Outcome Variable
	n
	% / Mean ± SD
	p-value

	Good overall clinical outcome
	75
	23.7
	Reference

	Poor overall clinical outcome
	242
	76.3
	<0.001

	Mean adherence score, %
	317
	27.4 ± 18.6
	—

	LDL cholesterol not at goal
	190
	59.9
	0.018

	BMI not at goal
	253
	79.8
	<0.001

	Waist circumference not at goal
	222
	70.0
	<0.001

	Inadequate physical activity
	208
	65.6
	0.009

	Non-adherence to dietary recommendations
	166
	52.4
	0.027

	Non-adherence to sodium restriction
	144
	45.4
	0.033


Multivariable logistic regression analysis identified several independent predictors of poor clinical outcome. Participants aged ≥65 years had significantly higher odds of poor outcome compared with younger participants (AOR 1.72; 95% CI: 1.04–2.86; p=0.034). Secondary or higher education was independently protective against poor clinical outcome (AOR 0.46; 95% CI: 0.27–0.79; p=0.005), while income above the median level was also associated with lower odds of poor outcome (AOR 0.39; 95% CI: 0.22–0.68; p=0.001). Diabetes mellitus (AOR 1.89; 95% CI: 1.10–3.24; p=0.021), metabolic syndrome (AOR 2.14; 95% CI: 1.29–3.55; p=0.003), poor disease-related knowledge (AOR 1.76; 95% CI: 1.05–2.94; p=0.032), and family history of cardiometabolic disease (AOR 1.61; 95% CI: 1.03–2.52; p=0.037) were significant predictors of poor clinical outcomes. Female sex did not demonstrate a statistically significant association with poor clinical outcome (AOR 1.28; 95% CI: 0.77–2.13; p=0.341) (Table 4) .
Table 4. Multivariable Logistic Regression Analysis of Predictors of Poor Clinical Outcome
	Predictor
	n
	Adjusted Odds Ratio (AOR)
	95% CI
	p-value

	Age ≥65 years
	171
	1.72
	1.04–2.86
	0.034

	Female sex
	211
	1.28
	0.77–2.13
	0.341

	Secondary or higher education
	142
	0.46
	0.27–0.79
	0.005

	Income above median
	128
	0.39
	0.22–0.68
	0.001

	Diabetes mellitus
	111
	1.89
	1.10–3.24
	0.021

	Metabolic syndrome
	149
	2.14
	1.29–3.55
	0.003

	Poor disease-related knowledge
	151
	1.76
	1.05–2.94
	0.032

	Family history of cardiometabolic disease
	137
	1.61
	1.03–2.52
	0.037


The baseline demographic and clinical assessment demonstrated that the study population was predominantly older and female, with a mean age of 64.8 ± 13.9 years and females accounting for 66.6% of participants. The overall cardiometabolic profile reflected substantial disease burden, as the mean body mass index reached 28.7 ± 5.4 kg/m² and 70.0% of participants had waist circumference measurements above recommended thresholds, indicating a high prevalence of central obesity. Nearly one-fifth of participants were current smokers (19.9%), whereas most reported abstinence from alcohol consumption (86.1%). Educational and socioeconomic indicators showed that only 44.8% attained secondary or higher education and 40.4% reported monthly income above the median level. Furthermore, family history of cardiometabolic disease was present in 43.2% of the cohort, suggesting substantial inherited cardiovascular risk burden (Table 1) .
Analysis of clinical comorbidities and lifestyle-related variables revealed considerable coexistence of cardiometabolic disorders. Hypertension was identified in 75.1% of participants, while diabetes mellitus and dyslipidemia were observed in 35.0% and 54.9%, respectively. Metabolic syndrome affected nearly half of the population (47.0%), and obesity was documented in 36.6%. Achievement of recommended therapeutic and behavioral targets was generally poor. Only 40.1% achieved LDL cholesterol goals, and merely 20.2% maintained body mass index within recommended limits. Lifestyle adherence indicators also demonstrated inadequate behavioral control, with only 34.4% engaging in adequate physical activity and 30.3% meeting recommended fruit and vegetable intake targets. Sodium restriction adherence and general dietary adherence were observed in 54.6% and 47.6% of participants, respectively. Although 52.4% demonstrated average or good disease-related knowledge, overall lifestyle adherence remained markedly low at only 23.7%, emphasizing a substantial gap between disease awareness and practical implementation of healthy behaviors (Table 2) .
Clinical outcome evaluation further demonstrated widespread inadequate disease control within the study population. Good overall clinical outcomes were achieved by only 23.7% of participants, whereas 76.3% experienced poor overall clinical outcomes. The mean adherence score was 27.4 ± 18.6%, reflecting generally low compliance with recommended lifestyle and risk-reduction measures. Failure to attain cardiometabolic control targets was highly prevalent, as 59.9% did not achieve LDL cholesterol goals, 79.8% failed to attain target body mass index values, and 70.0% exceeded recommended waist circumference thresholds. Behavioral non-adherence remained common, with inadequate physical activity affecting 65.6% of participants, non-adherence to dietary recommendations present in 52.4%, and failure to comply with sodium restriction documented in 45.4% of the cohort. Collectively, these findings indicate persistent deficiencies in both metabolic control and adherence-related behaviors among hypertensive patients attending Riphah Rehablitation Center (Table 3) .
Multivariable logistic regression analysis identified several statistically significant predictors of poor clinical outcome. Participants aged 65 years or older demonstrated 72% higher odds of poor clinical outcome compared with younger participants (AOR 1.72; 95% CI: 1.04–2.86; p=0.034). Educational attainment showed a protective effect, as individuals with secondary or higher education had 54% lower odds of poor outcome (AOR 0.46; 95% CI: 0.27–0.79; p=0.005). Similarly, income above the median level reduced the likelihood of poor clinical outcome by approximately 61% (AOR 0.39; 95% CI: 0.22–0.68; p=0.001). Among clinical variables, diabetes mellitus nearly doubled the odds of poor outcome (AOR 1.89; 95% CI: 1.10–3.24; p=0.021), while metabolic syndrome emerged as the strongest predictor, increasing the odds more than twofold (AOR 2.14; 95% CI: 1.29–3.55; p=0.003). Poor disease-related knowledge was also independently associated with unfavorable outcomes (AOR 1.76; 95% CI: 1.05–2.94; p=0.032). In addition, participants with a family history of cardiometabolic disease had significantly increased odds of poor clinical outcome (AOR 1.61; 95% CI: 1.03–2.52; p=0.037). Female sex did not demonstrate a statistically significant association with poor clinical outcome (p=0.341), indicating that outcome disparities were more strongly influenced by educational, metabolic, and behavioral factors than by sex alone (Table 4) 
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Figure 1. Independent Predictors of Poor Clinical Outcome Among Hypertensive Patients at Riphah Rehablitation Center
The adjusted-effect distribution demonstrated substantial heterogeneity in the predictors of poor clinical outcome among hypertensive patients. Metabolic syndrome emerged as the strongest independent predictor, increasing the odds of poor clinical outcome by more than twofold (AOR 2.14; 95% CI: 1.29–3.55), followed by diabetes mellitus (AOR 1.89; 95% CI: 1.10–3.24) and poor disease-related knowledge (AOR 1.76; 95% CI: 1.05–2.94). Older age (≥65 years) also significantly elevated risk (AOR 1.72; 95% CI: 1.04–2.86), while family history of cardiometabolic disease remained independently associated with adverse outcomes (AOR 1.61; 95% CI: 1.03–2.52). In contrast, secondary or higher education and income above the median level demonstrated marked protective effects, reducing the odds of poor clinical outcome by 54% and 61%, respectively. The distribution pattern indicates that metabolic and knowledge-related determinants exerted stronger adverse effects than demographic variables, whereas socioeconomic advantage showed clinically meaningful protective associations.
DISCUSSION
The present study evaluated lifestyle adherence and clinical outcomes among hypertensive patients attending Riphah Rehablitation Center and demonstrated a high burden of poor clinical outcome accompanied by markedly low adherence to recommended lifestyle modifications. Only 23.7% of participants achieved overall lifestyle adherence, whereas 76.3% experienced poor overall clinical outcomes, highlighting a substantial gap between evidence-based hypertension management recommendations and actual patient behavior in routine clinical practice . The findings emphasize that hypertension management extends beyond pharmacological therapy alone and requires sustained adherence to behavioral and cardiometabolic risk-reduction strategies.
The study population demonstrated a considerable burden of coexisting cardiometabolic disorders, including diabetes mellitus, dyslipidemia, obesity, and metabolic syndrome. In particular, metabolic syndrome was identified in 47.0% of participants and emerged as the strongest independent predictor of poor clinical outcome, increasing the odds more than twofold. Similarly, diabetes mellitus significantly increased the likelihood of poor outcomes. These findings are consistent with previous evidence showing that combined metabolic abnormalities intensify vascular dysfunction, worsen blood pressure control, and increase cardiovascular risk among hypertensive patients (6,7). Prior studies have similarly demonstrated that hypertensive individuals with concomitant diabetes or metabolic syndrome exhibit poorer adherence profiles and lower achievement of therapeutic targets compared with individuals without metabolic comorbidities (8,9).
The low prevalence of adequate physical activity, healthy dietary adherence, and fruit and vegetable intake observed in the present study further supports the growing evidence that non-pharmacological management of hypertension remains insufficiently implemented in many clinical settings. Only 34.4% of participants reported adequate physical activity, while adherence to recommended fruit and vegetable intake was limited to 30.3% of patients . These findings align with previous international studies reporting persistent barriers to lifestyle modification among hypertensive patients, including limited awareness, low motivation, socioeconomic constraints, and inadequate counseling support (10,11). Lifestyle adherence has consistently been associated with improved blood pressure regulation, reduced cardiovascular mortality, and better long-term clinical outcomes (12,13). Therefore, the low adherence rates identified in this study represent a clinically important concern for chronic disease management within teaching-hospital settings.
An important finding of the present study was the significant protective effect of higher educational attainment and higher income status. Participants with secondary or higher education demonstrated substantially lower odds of poor clinical outcome, while income above the median level reduced the likelihood of poor outcome by approximately 61%. These findings suggest that socioeconomic advantage may facilitate better disease understanding, access to healthcare resources, treatment continuity, and implementation of healthy lifestyle behaviors. Similar associations between education, health literacy, and improved hypertension control have been reported in prior literature, where individuals with higher educational backgrounds generally exhibit better adherence to medication and lifestyle recommendations (14,15). Conversely, limited education and lower income may contribute to poor dietary practices, restricted healthcare access, and reduced ability to sustain behavioral modifications.
Disease-related knowledge also emerged as an important determinant of outcome in the present study. Participants with poor disease-related knowledge had significantly increased odds of poor clinical outcome, supporting previous evidence that health literacy and patient awareness are essential components of effective hypertension self-management (16). Educational interventions targeting dietary counseling, sodium restriction, physical activity, and risk-factor awareness have been shown to improve adherence and blood pressure control among hypertensive populations (17). The current findings therefore reinforce the need for structured patient-centered educational strategies within outpatient hypertension clinics at Riphah Rehablitation Center.
Older age was independently associated with poorer clinical outcomes, which may reflect cumulative cardiometabolic burden, reduced physical capacity, polypharmacy, and increased difficulty maintaining long-term behavioral adherence among elderly patients. Similarly, participants with a family history of cardiometabolic disease were more likely to experience poor outcomes, suggesting possible interactions between genetic predisposition, shared lifestyle behaviors, and chronic disease clustering. However, female sex did not demonstrate a statistically significant association with poor clinical outcome after multivariable adjustment, indicating that metabolic, educational, and behavioral determinants may exert stronger influences on disease control than sex differences alone.
The study has several important clinical implications. Given the high prevalence of obesity, inadequate physical activity, poor dietary adherence, and uncontrolled cardiometabolic risk factors observed in the study population, hypertension management programs should incorporate multidisciplinary lifestyle counseling, individualized education, nutritional support, and regular behavioral monitoring. Targeted interventions for older adults, patients with metabolic syndrome, and individuals with limited disease-related knowledge may be particularly beneficial in improving long-term outcomes. In addition, integration of structured lifestyle-adherence programs within teaching-hospital outpatient services may help bridge the gap between therapeutic recommendations and real-world patient behavior.
Several limitations should be acknowledged when interpreting the study findings. The cross-sectional design limits causal inference between lifestyle adherence and clinical outcomes. Self-reported behavioral measures may also be susceptible to recall and social desirability bias. Furthermore, the study was conducted within a single teaching-hospital setting, which may limit generalizability to other healthcare environments or community populations. Despite these limitations, the study provides valuable hospital-based evidence regarding the substantial burden of poor lifestyle adherence and cardiometabolic risk among hypertensive patients in a teaching-hospital setting and identifies clinically meaningful predictors that may inform future intervention strategies.
CONCLUSION
In conclusion, the present study demonstrated a substantial burden of poor lifestyle adherence and unfavorable clinical outcomes among hypertensive patients attending Riphah Rehablitation Center. Overall lifestyle adherence was achieved by only 23.7% of participants, while more than three-quarters experienced poor clinical outcomes, reflecting persistent deficiencies in behavioral risk-factor control and cardiometabolic management . Metabolic syndrome, diabetes mellitus, poor disease-related knowledge, older age, and family history of cardiometabolic disease were identified as significant independent predictors of poor outcome, whereas higher educational attainment and improved socioeconomic status exerted protective effects. The findings underscore the critical importance of integrating structured lifestyle counseling, patient education, cardiometabolic risk monitoring, and multidisciplinary hypertension-management strategies into routine clinical practice. Strengthening adherence-focused interventions, particularly among high-risk and socioeconomically vulnerable patients, may substantially improve long-term hypertension control and reduce the burden of cardiovascular complications in teaching-hospital settings.
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