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Background: Hypertension is the leading modifiable cause of cardiovascular death, and its burden is rising fastest in low- and middle-income countries such as Pakistan. In hospitalised patients with multiple comorbidities, antihypertensive polypharmacy increases the risk of drug-related problems (DRPs), yet local data from tertiary care settings in Khyber Pakhtunkhwa are scarce. Objective: To describe the demographic and clinical profile, antihypertensive prescribing pattern, comorbidity burden and drug-related problems among patients admitted with hypertension to a tertiary care hospital in Peshawar. Methods: A single-centre, cross-sectional study was conducted over a 45-day period at Lady Reading Hospital, Peshawar. Fifty consecutively admitted patients aged 30–90 years with a diagnosis of hypertension were enrolled using a pre-designed data-collection proforma. Demographic data, prescribed medicines, comorbidities and DRPs (potential drug–drug interactions, adverse drug reactions and dosing errors) were recorded and analysed descriptively; proportions are reported with 95% confidence intervals (CIs). Results: The cohort was predominantly female (32/50; 64%, 95% CI 50.1–75.9) and middle-aged to elderly, with the largest group aged 51–60 years (26%). Most patients (31/50; 62%, 95% CI 48.2–74.1) were referred from districts outside Peshawar. The most frequently prescribed cardiovascular medicines were furosemide (74%), aspirin (60%), clopidogrel (60%), ramipril (48%), amlodipine (42%) and nifedipine (36%). Diabetes mellitus (20%), heart failure (15%) and chronic kidney disease (15%) were the commonest comorbidities. At least one potential drug–drug interaction was identified in 8 patients (16%, 95% CI 8.3–28.5), an adverse drug reaction in 5 (10%, 95% CI 4.3–21.4) and a dosing error in 3 (6%, 95% CI 2.1–16.2). Recurrent interacting pairs included renin–angiotensin blockers with calcium-channel blockers, clopidogrel with omeprazole, aspirin or non-steroidal anti-inflammatory drugs with furosemide, and antiplatelet with anticoagulant combinations. Conclusion: Antihypertensive prescribing in this tertiary care cohort was frequently guideline-discordant and accompanied by a substantial burden of preventable drug-related problems. Integration of clinical pharmacists into ward teams and routine interaction screening may improve prescribing quality and patient safety.
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INTRODUCTION
Hypertension is the single most important modifiable risk factor for cardiovascular disease and premature death worldwide. Between 1990 and 2019 the number of adults aged 30–79 years living with hypertension doubled from an estimated 650 million to 1.28 billion, with the age-standardised prevalence remaining close to one-third of adults (32% in women and 34% in men).1 The great majority of this burden now falls on low- and middle-income countries, where health-system constraints translate into low rates of detection, treatment and control.1,2 Persistently raised blood pressure drives ischaemic heart disease, heart failure, stroke and chronic kidney disease, and cardiovascular disease remains the leading global cause of mortality.3
Contemporary guidelines have progressively lowered diagnostic and treatment thresholds and standardised first-line pharmacotherapy. The 2017 American College of Cardiology/American Heart Association guideline defines hypertension as a blood pressure of 130/80 mmHg or higher,4 while the 2018 European and 2020 International Society of Hypertension guidelines endorse renin–angiotensin system blockers (angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers), calcium-channel blockers and thiazide-type diuretics as preferred agents, ideally in single-pill combinations.5,6,7 Rational selection among these classes, informed by comorbidity and interaction potential, is central to safe and effective care.
In Pakistan the epidemiological picture is concerning and imprecisely quantified. The last national STEPS survey reported a prevalence of about 18.9% among adults over 15 years, whereas the community-based second National Diabetes Survey of Pakistan (2016–17) recorded a markedly higher prevalence of 46.2%.8,9 A meta-analysis of 37 Pakistani studies identified older age, gender, obesity, physical inactivity and diabetes as the factors most consistently associated with hypertension,10 and national reviews highlight poor awareness, low treatment adherence and control rates as low as 3% as persistent barriers to care.11
Prescribing practice compounds these gaps. Systematic evaluation of antihypertensive prescribing across low- and middle-income countries, including Pakistan, has shown limited adherence to national or international guidelines and frequent departure from cost-effective first-line therapy.12,13 In parallel, patients admitted to tertiary care commonly carry several comorbidities and receive multiple concurrent medicines, exposing them to potential drug–drug interactions, adverse drug reactions and dosing errors. Hospital-based studies from Pakistan have reported potential interactions in roughly one in five outpatient prescriptions and in a substantially higher proportion of admitted patients.14,15 Despite this, granular data describing antihypertensive prescribing and the associated burden of drug-related problems in tertiary care settings of Khyber Pakhtunkhwa remain sparse.
The present study was undertaken to address that gap. Its objectives were to characterise the demographic and clinical profile of patients admitted with hypertension to a tertiary care hospital in Peshawar, to describe the pattern of antihypertensive and concurrent cardiovascular prescribing, to define the comorbidity burden, and to identify the frequency and nature of drug-related problems. By mapping these problems, the study aims to inform ward-level medication-safety interventions and clinical-pharmacy practice in a resource-limited setting.


METHODS
Study design and reporting
This was a single-centre, hospital-based, cross-sectional study of patients admitted with hypertension. The study is reported in accordance with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement for cross-sectional studies.
Study setting and duration
The study was conducted in the medical wards of Lady Reading Hospital, a Medical Teaching Institution and major tertiary care referral centre in Peshawar, Khyber Pakhtunkhwa, Pakistan, over a 45-day period. Data were collected on a daily basis from the point of admission until discharge.
Study population and eligibility
Consecutive adult patients admitted with a physician-confirmed diagnosis of hypertension were screened for eligibility. Patients aged 30 to 90 years were included. Patients older than 90 years were excluded. A total of 50 eligible patients were enrolled.
Data collection
Data were collected prospectively using a standardised, pre-designed patient-history and medication-review proforma. For each patient the proforma captured demographic details (age, sex, area of residence), presenting complaints, admission diagnosis, comorbidities, past medical and surgical history, complete inpatient medication orders (brand and generic name, dose, frequency, route and duration) and available laboratory investigations. Medication records were reviewed against the patient’s clinical and biochemical profile to identify drug-related problems, comprising potential drug–drug interactions, adverse drug reactions, dosing errors (overdose or sub-therapeutic dose), incorrect route, contraindicated drugs, and the need for renal or hepatic dose adjustment.
Operational definitions
A potential drug–drug interaction was defined as the co-prescription of two agents with a recognised pharmacokinetic or pharmacodynamic interaction of clinical relevance. An adverse drug reaction was defined as a noxious and unintended response to a medicine at normal doses. A dosing error denoted a prescribed dose above or below the accepted therapeutic range for the indication and patient. Interactions and their potential clinical consequences were characterised with reference to standard drug-information sources.
Statistical analysis
Data were entered and analysed using spreadsheet software. Categorical variables are summarised as frequencies and percentages, and continuous or grouped variables as counts within categories. For the principal proportions, 95% confidence intervals were calculated using the Wilson score method. No inferential hypothesis testing was performed, consistent with the descriptive design. There were no missing data for the core prescribing and DRP variables.
Ethical considerations
The study protocol was approved by the institutional ethical review committee of Lady Reading Hospital, Peshawar. The study involved review of routinely generated clinical records; patient confidentiality was maintained throughout, and data were anonymised prior to analysis. Informed consent was obtained in accordance with institutional requirements.
RESULTS
Fifty patients admitted with hypertension were studied. Their demographic characteristics are summarised in Table 1. The cohort was predominantly female (32/50; 64%), giving a female-to-male ratio of approximately 1.8:1. Patients spanned the fourth to the tenth decades of life, with the single largest group aged 51–60 years (13/50; 26%); patients aged 71–90 years and 31–40 years accounted for a further 22% and 20%, respectively. Most patients (31/50; 62%) were referred from districts of Khyber Pakhtunkhwa outside Peshawar, underscoring the hospital’s role as a regional referral centre.
Table 1. Demographic characteristics of patients admitted with hypertension (n = 50).
	Characteristic
	Category
	n
	%
	95% CI

	Sex
	Female
	32
	64.0
	50.1–75.9

	
	Male
	18
	36.0
	24.1–49.9

	Age group (years)
	31–40
	10
	20.0
	—

	
	41–50
	8
	16.0
	—

	
	51–60
	13
	26.0
	—

	
	61–70
	8
	16.0
	—

	
	71–90
	11
	22.0
	—

	Area of residence
	Peshawar
	19
	38.0
	25.9–51.9

	
	Other Khyber Pakhtunkhwa
	31
	62.0
	48.2–74.1


CI, confidence interval (Wilson score method). Note: the source dataset listed overlapping age bands (“40–50” and “40–59”); these have been presented as non-overlapping decade bands consistent with the underlying frequencies and the study narrative.
Antihypertensive and concurrent cardiovascular prescribing is presented in Table 2. Loop diuretic therapy with furosemide was the most frequently prescribed agent, given to 37 patients (74%), followed by the antiplatelet agents aspirin and clopidogrel (each 60%). Among agents acting directly on blood pressure, the angiotensin-converting enzyme inhibitor ramipril (48%) and the calcium-channel blockers amlodipine (42%) and nifedipine (36%) predominated, whereas angiotensin-receptor blockers (valsartan 22%, losartan 10%), the beta-blocker nebivolol (24%) and the aldosterone antagonist spironolactone (24%) were used less often. The frequent co-prescription of antiplatelet agents, low-molecular-weight heparin (enoxaparin, 42%) and nitrates (glyceryl trinitrate, 20%) reflects the high prevalence of concomitant ischaemic heart disease in the cohort.
Table 2. Frequency of prescribed antihypertensive and concurrent cardiovascular medicines (n = 50).
	Medicine (class)
	Patients (n)
	%
	Usual dose
	Route

	Furosemide (loop diuretic)
	37
	74.0
	40 mg OD
	IV

	Aspirin (antiplatelet)
	30
	60.0
	75 mg
	PO

	Clopidogrel (antiplatelet)
	30
	60.0
	75 mg
	PO

	Ramipril (ACE inhibitor)
	24
	48.0
	5 mg
	PO

	Amlodipine (CCB)
	21
	42.0
	5–10 mg OD
	PO

	Enoxaparin (LMWH)
	21
	42.0
	60 mg OD
	SC

	Nifedipine (CCB)
	18
	36.0
	10 mg BD
	PO

	Spironolactone (MRA)
	12
	24.0
	100 mg OD
	PO

	Nebivolol (beta-blocker)
	12
	24.0
	2.5 mg OD
	PO

	Valsartan (ARB)
	11
	22.0
	160 mg OD
	PO

	Glyceryl trinitrate (nitrate)
	10
	20.0
	2.6 mg BD
	PO

	Losartan (ARB)
	5
	10.0
	50 mg OD
	PO

	Diltiazem (CCB)
	2
	4.0
	60 mg BD
	PO


ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; CCB, calcium-channel blocker; LMWH, low-molecular-weight heparin; MRA, mineralocorticoid-receptor antagonist; OD, once daily; BD, twice daily; PO, oral; IV, intravenous; SC, subcutaneous. Patients typically received more than one agent, so percentages sum to more than 100%.
The comorbidity profile is shown in Table 3. Diabetes mellitus was the most common coexisting condition (20%), followed by heart failure, chronic kidney disease and a heterogeneous “other” category (each 15%), and cerebrovascular accident (10%). Cholelithiasis, Parkinson’s disease, hypokalaemia, chronic obstructive pulmonary disease and anaemia each affected 5% of patients. This clustering of cardiometabolic and renal comorbidity is clinically important, since it both mandates polypharmacy and constrains safe drug selection.
Table 3.	Comorbidities among patients admitted with hypertension (n = 50).
	Comorbidity
	%

	Diabetes mellitus
	20

	Heart failure
	15

	Chronic kidney disease
	15

	Other
	15

	Cerebrovascular accident
	10

	Cholelithiasis
	5

	Parkinson’s disease
	5

	Hypokalaemia
	5

	Chronic obstructive pulmonary disease
	5

	Anaemia
	5


Values are as recorded in the source dataset. Comorbidities are not mutually exclusive; some patients carried more than one condition.
Drug-related problems are summarised in Table 4. At least one potential drug–drug interaction was documented in 8 patients (16%), an adverse drug reaction in 5 (10%) and a dosing error-predominantly overdose-in 3 (6%). Adverse reactions encountered included gastrointestinal disturbances such as diarrhoea, constipation, nausea and vomiting. These categories were not mutually exclusive, and several patients carried more than one type of problem.
Table 4. 	Frequency of drug-related problems (n = 50).
	Drug-related problem
	n
	%
	95% CI

	Potential drug–drug interaction
	8
	16.0
	8.3–28.5

	Adverse drug reaction
	5
	10.0
	4.3–21.4

	Dosing error (overdose)
	3
	6.0
	2.1–16.2


CI, confidence interval (Wilson score method). Percentages are calculated against the full sample (n = 50). Note: the source thesis reported these problems as 26.6%, 16.6% and 10% respectively, values that correspond to a denominator of 30 rather than 50; the figures above use the correct denominator while preserving the original event counts.
The specific interacting pairs identified most often are detailed in Table 5. Pharmacodynamic interactions predominated. Additive blood-pressure lowering from combined renin–angiotensin blockade and calcium-channel blockade, and from renin–angiotensin blockers combined with nitrates, was the most frequent concern. Co-prescription of aspirin or a non-steroidal anti-inflammatory drug with furosemide, with the potential to blunt the diuretic response and impair renal function, was also common, as were antiplatelet–anticoagulant combinations (for example clopidogrel or aspirin with enoxaparin, rivaroxaban or warfarin) that additively increase bleeding risk. The principal pharmacokinetic interaction was between clopidogrel and omeprazole, mediated by inhibition of cytochrome P450 2C19.
Table 5. Most frequently identified potential drug–drug interactions and their mechanisms.
	Interacting pair
	Type
	Potential clinical effect

	ACE inhibitor (ramipril) + amlodipine ± valsartan
	Pharmacodynamic
	Additive hypotension; dual renin–angiotensin blockade is discouraged

	ACE inhibitor (ramipril) + NSAID (diclofenac)
	Pharmacodynamic
	Reduced antihypertensive effect; increased renal and hyperkalaemia risk

	Aspirin or NSAID + furosemide
	Pharmacodynamic
	Attenuated diuretic and natriuretic response

	Antiplatelet (aspirin/clopidogrel) + anticoagulant (enoxaparin/rivaroxaban/warfarin)
	Pharmacodynamic
	Additive bleeding risk

	Clopidogrel + omeprazole
	Pharmacokinetic (CYP2C19)
	Reduced conversion of clopidogrel to its active metabolite

	Clopidogrel + rosuvastatin
	Pharmacokinetic
	Possible reduced clopidogrel activation (weaker evidence)

	Digoxin + omeprazole
	Pharmacokinetic
	Increased plasma digoxin concentration

	Loop diuretic + antidiabetic agent
	Pharmacodynamic
	Antagonism of glucose-lowering effect

	Losartan + spironolactone
	Pharmacodynamic
	Hyperkalaemia and renal impairment risk

	Amitriptyline + tramadol
	Pharmacodynamic
	Serotonin syndrome and seizure risk


ACE, angiotensin-converting enzyme; CYP2C19, cytochrome P450 2C19; NSAID, non-steroidal anti-inflammatory drug.
DISCUSSION
This cross-sectional evaluation of 50 patients admitted with hypertension to a tertiary care hospital in Peshawar provides a granular picture of antihypertensive prescribing and its attendant safety problems in a resource-limited setting. Three findings stand out: a heavily diuretic- and antiplatelet-oriented prescribing pattern that only partly aligns with guideline-preferred first-line therapy; a high comorbidity burden dominated by diabetes, heart failure and chronic kidney disease; and a measurable prevalence of potential drug–drug interactions, adverse drug reactions and dosing errors.
The female predominance observed here (64%) contrasts with much of the Pakistani epidemiological literature, in which hypertension is often reported to be at least as common in men.10 This most likely reflects care-seeking and referral dynamics in an admitted, symptomatic population rather than a true sex difference in prevalence, and it should be interpreted cautiously given the small sample. The finding that almost two-thirds of patients were referred from outside Peshawar is consistent with the institution’s function as a provincial referral centre and has implications for continuity of care and medication reconciliation after discharge.
The prescribing pattern merits scrutiny. Current guidelines position renin–angiotensin blockers, calcium-channel blockers and thiazide-type diuretics as first-line agents, ideally as single-pill combinations.5,6,7 In this cohort loop diuretic use was high, driven by concomitant heart failure and fluid overload, while thiazide-type diuretics—the guideline-preferred antihypertensive diuretic-were essentially absent. A comparable disconnect between guideline recommendations and real-world Pakistani practice, including under-use of thiazides and a preference for branded generics, has been described previously and attributed to prescriber habit, comorbidity and cost dynamics.11,12,13 The frequent pairing of an angiotensin-converting enzyme inhibitor with an angiotensin-receptor blocker or with a calcium-channel blocker beyond what blood-pressure control required is a further concern, since dual renin–angiotensin blockade increases the risk of hypotension, hyperkalaemia and renal impairment without commensurate benefit and is discouraged by guidelines.5,6
The burden of drug-related problems is the study’s central message. Potential interactions were identified in 16% of patients, adverse reactions in 10% and dosing errors in 6%. These figures are broadly consistent with, though at the lower end of, Pakistani hospital data: potential interactions have been reported in about 22% of tertiary-care outpatient prescriptions and in a considerably higher proportion of admitted patients, where prevalence estimates range from roughly one-fifth to more than two-thirds depending on setting and screening method.14,15 A dedicated study of hypertensive inpatients similarly found interactions to be common and predominantly pharmacodynamic.16 The lower rate in the present cohort is most plausibly explained by reliance on manual review rather than automated screening software, which typically detects more interactions; our figures should therefore be regarded as conservative.
Several of the recurring interactions have clear clinical relevance. The pharmacodynamic combinations—renin–angiotensin blocker with calcium-channel blocker or nitrate, aspirin or a non-steroidal anti-inflammatory drug with furosemide, and antiplatelet with anticoagulant—carry tangible risks of hypotension, attenuated diuresis, renal injury and bleeding, and are especially hazardous in the elderly, renally impaired patients who characterised this cohort. The high frequency of chronic kidney disease is particularly relevant, since renally cleared agents and combinations that promote hyperkalaemia demand dose adjustment and monitoring that were seldom documented; comparable concerns have been raised for chronic kidney disease patients elsewhere in Khyber Pakhtunkhwa.17 The clopidogrel–omeprazole interaction warrants a nuanced interpretation: omeprazole inhibits cytochrome P450 2C19 and reduces the formation of clopidogrel’s active metabolite, and expert consensus advises preferring a proton-pump inhibitor with less enzyme inhibition, such as pantoprazole, when gastroprotection is required.18 However, the randomised COGENT trial found no significant difference in cardiovascular events between clopidogrel with omeprazole and clopidogrel alone, so the clinical consequence remains debated even though the pharmacokinetic interaction is real.19 Substituting pantoprazole is nonetheless a simple, low-cost risk-mitigation step.
Taken together, these findings reinforce the case for embedding clinical pharmacists within medical ward teams in Pakistani tertiary care. Pharmacist-led medication review, interaction screening and patient counselling have been shown to improve knowledge, adherence and blood-pressure control among Pakistani hypertensive patients,20 and are directly applicable to the prescribing and safety gaps identified here.
Strengths and Limitations
The principal strengths of this study are its detailed, patient-level medication data, its focus on an under-studied tertiary care population in Khyber Pakhtunkhwa, and its transparent characterisation of specific interacting drug pairs that can directly inform local prescribing alerts. Several limitations must be acknowledged. First, the sample was small (n = 50) and drawn from a single centre over a short period, so the results are exploratory and not generalisable to the wider hypertensive population; the accompanying confidence intervals are correspondingly wide. Second, the design was descriptive, without a comparison group, blood-pressure control outcomes or clinical follow-up, and no causal inference is possible. Third, drug-related problems were identified by manual review rather than validated screening software, probably underestimating their true frequency, and interactions were “potential” rather than confirmed clinical events. Fourth, adherence, over-the-counter and herbal medicine use, and post-discharge outcomes were not captured. These limitations define a clear agenda for larger, multicentre, software-assisted studies.
CONCLUSION
In this single-centre cross-sectional study, hypertension in hospitalised patients was managed with prescribing that was frequently guideline-discordant and accompanied by a measurable burden of potential drug–drug interactions, adverse drug reactions and dosing errors, against a backdrop of substantial cardiometabolic and renal comorbidity. Although the small, single-centre sample limits generalisability, the pattern of preventable, largely pharmacodynamic drug-related problems is consistent with wider Pakistani evidence and points to actionable targets for improvement-most notably rational first-line drug selection, avoidance of unnecessary dual renin–angiotensin blockade, safer gastroprotective choices in patients on clopidogrel, and closer renal dose monitoring—supported by the integration of clinical pharmacists into ward care.
RECOMMENDATIONS
· Clinical: prescribe guideline-preferred first-line agents, avoid unnecessary dual renin–angiotensin blockade, substitute pantoprazole for omeprazole in patients receiving clopidogrel, and document renal and hepatic dose adjustment for at-risk patients.
· Hospital/system: introduce routine, ideally software-assisted, drug-interaction screening at prescribing and pharmacy-verification steps, and embed clinical pharmacists within medical ward rounds.
· Educational: deliver continuing professional development for prescribers on antihypertensive guidelines, high-risk interactions and dose adjustment in renal impairment, and strengthen structured patient counselling at discharge.
· Research: conduct larger, multicentre, prospective studies using validated interaction-screening tools and blood-pressure control outcomes to quantify and reduce drug-related problems.
· Policy: promote adherence to national antihypertensive guidelines and support affordable access to guideline-concordant, preferably single-pill, therapy.
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