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Abstract
BACKGROUND
Hypertension is commonly observed in patients living with chronic kidney disease (CKD). Finding an optimal treatment regime remains challenging due to the complex bidirectional cause-and-effect relationship between hypertension and CKD. There remains variability in antihypertensive treatment practices.

AIM
To antihypertensive prescribing patterns amongst CKD patients.

METHODS
The Salford Kidney Study is an ongoing prospective study that has been recruiting CKD patients since 2002. All patients are followed up annually, and their medical records including the list of medications are updated until they reach study endpoints [starting on renal replacement therapy or reaching estimated glomerular filtration rate (eGFR) expressed as mL/min/1.73 m2 ≤ 10 mL/min/1.73m2, or the last follow-up date, or data lock on December 31, 2021, or death]. Data on antihypertensive prescription practices in correspondence to baseline eGFR, urine albumin-creatinine ratio, primary CKD aetiology, and cardiovascular disease were evaluated. Associations between patients who were prescribed three or more antihypertensive agents and their clinical outcomes were studied by Cox regression analysis. Kaplan-Meier analysis demonstrated differences in survival probabilities.

RESULTS
Three thousand two hundred and thirty non-dialysis-dependent CKD patients with data collected between October 2002 and December 2019 were included. The median age was 65 years. A greater proportion of patients were taking three or more antihypertensive agents with advancing CKD stages (53% of eGFR ≤ 15 mL/min/1.73m2 vs 26% of eGFR ≥ 60 mL/min/1.73m2, P < 0.001). An increased number of patients receiving more classes of antihypertensive agents was observed as the urine albumin-creatinine ratio category increased (category A3: 62% vs category A1: 40%, P < 0.001), with the upward trends particularly noticeable in the number of individuals prescribed renin angiotensin system blockers. The prescription of three or more antihypertensive agents was associated with all-cause mortality, independent of blood pressure control (hazard ratio: 1.15; 95% confidence interval: 1.04-1.27, P = 0.006). Kaplan-Meier analysis illustrated significant differences in survival outcomes between patients with three or more and those with less than three antihypertensive agents prescribed (log-rank, P < 0.001).

CONCLUSION
Antihypertensive prescribing patterns in the Salford Kidney Study based on CKD stage were consistent with expectations from the current United Kingdom National Institute of Health and Care Excellence guideline algorithm. Outcomes were poorer in patients with poor blood pressure control despite being on multiple antihypertensive agents. Continued research is required to bridge remaining variations in hypertension treatment practices worldwide.
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Core Tip: This is an observational study that prospectively evaluated antihypertensive prescribing patterns in 3230 non-dialysis chronic kidney disease (CKD) patients over a 20-year period. Antihypertensive prescribing patterns based on CKD stage were consistent with expectations from the United Kingdom National Institute of Health and Care Excellence guideline algorithm and other international guidelines in relation to hypertension management in CKD.

INTRODUCTION
Chronic kidney disease (CKD) is a progressive disease defined by the presence of structural or functional abnormalities within the kidney for 3 mo or more according to the Kidney Disease Improving Global Outcomes (KDIGO)[1]. Touted as an emerging public health issue of the 21st century, the prevalence of CKD is exponentially growing and is projected to become the fifth-leading cause of mortality globally by 2040[2]. The aetiology of CKD is multidimensional and complex, of which there are various causes and consequences[3-5]. Other than diabetes mellitus, hypertension is a major contributor towards the progression of CKD and a leading consequence of CKD[6]. Depending on the stage of CKD, the prevalence of hypertension in CKD populations varies (ranging between 67% and 92%, according to previously published data), but the majority of patients with CKD are likely to have hypertension[7,8]. Given the potential health consequences of hypertension over time, namely its associated cardiovascular risks and risk of further kidney damage, adequate control of blood pressure (BP) in the CKD population is of vital importance to improve clinical outcomes[9,10].
It is not known to what extent clinicians adopt guideline-recommended or preferred antihypertensive treatment approaches for their CKD patients in the real-world setting[7,11]. Previous electronic health record and prospective longitudinal studies noted clinicians primarily prescribed angiotensin-converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) for CKD patients with hypertension, but varying combinations of antihypertensive prescription over time was noted when all antihypertensive agents are considered[12-16]. It remains largely unestablished which combination(s) of antihypertensive agents would generate the best results in terms of BP control and other clinical outcomes. Aiming to address these unknowns, our study evaluated trends and patterns relating to antihypertensive prescription over a 20-year period in patients identified with non-dialysis-dependent CKD included in the Salford Kidney Study (SKS).

MATERIALS AND METHODS
Study cohort 
Our investigation was conducted on patients enrolled in the non-dialysis-dependent CKD arm of the SKS (SKS-CKD). The SKS-CKD is an ongoing long-term prospective observational study that has been recruiting patients with CKD since the year 2002. Details of study recruitment in the SKS have been described in previously published literature[17,18]. In brief, any CKD patient above the age of 18 years and able to provide informed consent is recruited. At study baseline (i.e. date of recruitment), data including demographic information, comorbidities, physical parameters (weight, height, BP, heart rate, etc) and a detailed medication history is recorded. The patients are then followed up annually to update their comorbidity status and medication list until they reach a study endpoint [which may include death, starting on renal replacement therapy (RRT), reaching estimated glomerular filtration rate (eGFR) ≤ 10 mL/min/1.73 m2, the last follow-up date, or data lock of December 31, 2021 for this study]. All haematological and biochemical variables at study and routine clinic visits are recorded from electronic patient records.

Study definitions
In the SKS, hypertensive status was defined as being on antihypertensive agents or recorded as having a history of hypertension in general practitioner records. A smoking history was defined as current or past history of smoking, and a similar definition was followed in the collection of alcohol history. Body mass index was calculated using weight in kilograms and height in meters (kg/m2). End stage kidney disease (ESKD) was defined as starting on RRT or reaching an eGFR ≤ 10 mL/min/1.73 m2 for patients who opted for conservative care. We defined renin angiotensin system (RAS) blockers as being ACEI or ARB or renin inhibitors.

Data and statistical analysis
The baseline characteristics of the cohort were grouped based on CKD stages (categorized by eGFR) and proteinuria [categorized by urine albumin-creatinine ratio (uACR)]. uACR was calculated from urine protein-creatinine ratio (uPCR). This involved initial conversion from mg/mmol to mg/g by multiplication of 8.84, and further conversion from uPCR (uPCR: the standard measure in this real world population) to uACR as per the standardized formula in the kidney failure risk equation[19].
Prescription patterns of antihypertensive agents at baseline were presented corresponding to eGFR categories, uACR categories, primary kidney disease aetiology, and cardiovascular disease. Antihypertensive agent(s) prescribing trends were also examined at the 12-mo and 24-mo follow-up.
When presenting results from our statistical analyses, continuous variables were expressed with the median value (interquartile range). After checking for the normality of distribution, the P value was calculated by the Kruskal-Wallis H test. Categorical variables are expressed as frequencies in absolute number form (percentage), with P values calculated by the 2 test. The association between being prescribed three or more antihypertensive agents and clinical outcomes (i.e. all-cause mortality and reaching ESKD) was studied by univariate and multivariate Cox regression analysis. The multivariable models were developed by including variables in a stepwise manner. Kaplan-Meier analysis was used to demonstrate the differences in survival probabilities, with the log-rank test used to calculate the P values. The annual rate of decline in eGFR (delta eGFR) was calculated using all available eGFRs between the study baseline and endpoints by linear regression analysis. Only patients with three or more eGFRs and at least 1 year of follow-up data were included in the delta eGFR analysis. All statistical analyses were performed using IBM SPSS Version 26, registered with the University of Manchester.

Ethical considerations
The SKS received ethical approval for all of the observational studies conducted in relation to its database, with individual patient consent. The research ethics number is 15/NW/0818.

RESULTS
Baseline characteristics
A total of 3230 patients with complete datasets were included in this analysis. The median age of the cohort was 65 years with a predominance of the male sex (60%) and those of white ethnicity (96%). At baseline, the majority of study participants (66%) had an eGFR between 15 and 45 mL/min/1.73 m2. As baseline eGFR declined, the median systolic BP of the cohort was noted to have increased, and a higher proportion of those with lower eGFR also had a history of hypertension, diabetes, and cardiovascular events (P < 0.001). Biochemical variables showed decreases in haemoglobin and calcium levels and increases in phosphate levels in correspondence to worsening eGFR (P < 0.001) (Table 1).

Distribution of antihypertensive agent prescription practices based on eGFR and primary kidney disease aetiology
Amongst patient groups with a lower eGFR, there were greater proportions that were receiving three or more antihypertensive agents (53% of eGFR ≤ 15 mL/min/1.73 m2 vs 26% of eGFR ≥ 60 mL/min/1.73 m2, P < 0.001). The most prescribed antihypertensive agents were RAS blockers (61%), followed by diuretics (47%), dihydropyridine calcium channel blockers (CCB) (39%), and beta blockers (34%). Alpha-blockers were also a popularly prescribed antihypertensive and prescribed more frequently in lower eGFR ranges. The proportion of patients receiving RAS blockers decreased with a lower eGFR, whereas the proportion on diuretics, dihydropyridine CCBs, and beta blockers increased (P < 0.001) (Table 2).
Furthermore, the distribution of antihypertensive agent prescriptions for patients across the spectrum of primary kidney disease aetiologies illustrated that RAS blockers were the predominant agents for most diagnoses, followed by diuretics and dihydropyridine CCBs (Table 3).

Distribution of antihypertensive agent prescription practices based on uACR and cardiovascular comorbidity
A greater proportion of patients were receiving three or more antihypertensive agents with each higher uACR category (category A1: 40% vs category A2: 43% vs category A3: 62%, P < 0.001). There was a trend of increased numbers of individuals prescribed ACEI or ARB (Table 4).
When comparing between patients with and without a history of congestive cardiac failure (CCF), diuretics (68% vs 43%, P < 0.001), potassium-sparing diuretics (spironolactone or eplerenone) (10% vs 2%, P < 0.001), and beta blockers (45% vs 32%, P < 0.001) were prescribed more frequently amongst those diagnosed with CCF. Similar prescription patterns were noted for any other form of cardiovascular disease. Interestingly, there were no significant differences in the pattern of prescription of RAS blockers alone, based on cardiovascular disease status (Table 5).
There were no significant differences in antihypertensive prescription patterns over the 12-mo and 24-mo follow-up period (Tables 6 and 7). Overall, there were more patients achieving BP < 140/90 mmHg at 12 mo (52% vs 48%, P = 0.008) and at 24 mo (51.7% vs 48%, P = 0.015) compared to baseline. However, when only patients on three or more agents over the 24-mo follow-up period were considered, there were no statistically significant results as to whether more patients achieved BP < 140/90 mmHg (Tables 8 and 9).

Associations between antihypertensive prescription patterns and clinical outcomes
In Cox regression models, the prescription of three or more antihypertensive agents was strongly associated with all-cause mortality (multivariate model 3: hazard ratio: 1.14; 95% confidence interval: 1.03-1.26, P = 0.008) (Table 10). A similar association was observed when the outcome considered was progression to ESKD (multivariate model 3: hazard ratio: 1.47; 95% confidence interval: 1.25-1.72, P < 0.001) (Table 11).
Kaplan-Meier analysis illustrated significant differences in survival outcomes (all-cause mortality and RRT-free survival) between patients receiving three or more compared to those with less than three antihypertensive agents prescribed (log-rank, P < 0.001) (Figures 1 and 2). Being on RAS blockers was associated with a higher survival (log-rank, P < 0.001) but demonstrated no differences in terms of reaching ESKD and requiring RRT (log-rank, P = 0.113) (Figures 3 and 4).
Linear regression analysis concluded that the annual rate of decline in eGFR was significantly higher in patients receiving three or more antihypertensive agents (-1.79 vs -1.07 mL/min/1.73 m2/year, P < 0.001) compared to those receiving less (Table 12).

DISCUSSION
In this study, we evaluated antihypertensive prescription patterns in patients from the SKS-CKD database, corresponding this to baseline eGFR, uACR, primary kidney disease aetiology and the presence of cardiovascular morbidities, and monitored prescription patterns over a 24-mo follow-up period. The number of antihypertensive agents prescribed for each patient was correlated with clinical outcomes, namely all-cause mortality and progression to ESKD.
Across the SKS-CKD cohort at baseline, RAB were the most commonly prescribed agents for management of hypertension, followed by diuretics, dihydropyridine CCBs, and beta blockers. RAS blocker prescriptions decreased in patients with CKD stage 5 at baseline, whereas diuretics, dihydropyridine CCBs, and beta blockers were prescribed more frequently for patients with lower eGFR. Surprisingly, although it has not been widely advocated for use as an antihypertensive in current guidelines, alpha blockers were amongst the more commonly prescribed antihypertensive agents amongst patients in SKS-CKD, especially for those in the lower eGFR ranges. A major adverse effect of alpha blockers is orthostatic hypotension in patients with kidney function impairment[20-22]. The purposes of prescribing alpha blockers may not be solely for lowering of BP, as a substantial proportion of patients with benign prostatic hyperplasia are routinely initiated on them to relieve symptoms and improve urinary flow[23].
RAS blockers, diuretics, and dihydropyridine CCBs were prescribed with increasing frequency in patients with a greater degree of uACR. Ultimately, with an increase in the uACR category, a greater proportion of patients were prescribed more antihypertensive agents. RAS blockers remain the primary antihypertensive agents prescribed for patients with all forms of primary kidney disease. For CKD patients with CCF, the prescriptions of diuretics, beta blockers, and potassium sparing diuretics (spironolactone and eplerenone) were significantly higher compared to those without. This pattern was similar when comparing antihypertensive prescribing patterns between CKD patients with pre-existing cardiovascular events and those without.
Our analysis demonstrated that antihypertensive prescribing patterns at 12 mo and 24 mo had only minimally changed compared to baseline, but this was most likely because most patients had been enrolled in the renal service well before entry into the SKS. When determining associations between the number of antihypertensive agents prescribed and clinical outcomes, patients receiving a higher number of antihypertensive agents had worsened outcomes, namely increased all-cause mortality and reaching ESKD. Such associations remained following adjustment of baseline demographic factors (i.e. age, sex, ethnicity, smoking status, and alcohol intake), plus diabetes, cardiovascular comorbidities, baseline eGFR, and uACR.
Consensus recommendation to commence ACEI or angiotensin receptor ARB as a first-line antihypertensive treatment option for CKD patients, particularly for those with proteinuria and/or reduced eGFR defined by eGFR < 60 mL/min/1.73 m2 has been reached across the major international societies in cardiology and nephrology such as the American College of Cardiology, the American Heart Association, and KDIGO[8,24]. The updated 2021 KDIGO clinical practice guideline for BP management in CKD continues to advocate this approach in patients with hypertension and CKD, with or without diabetes, and not receiving dialysis[24]. Where an adult patient has a transplanted kidney, commencing an ARB or dihydropyridine CCB has been recommended[24]. In the United Kingdom, the National Institute of Health and Care Excellence (NICE) guideline defines BP targets (clinic measured) for patients with CKD according to the patient’s uACR[25]. Adult CKD patients are divided into 2 groups: those with a uACR < 70 mg/mmol (618.8 mg/g); and those with a uACR > 70 mg/mmol (618.8 mg/g). In patients with a uACR < 70 mg/mmol (618.8 mg/g), the BP target is below 140/90 mmHg, whereas in patients with a uACR > 70 mg/mmol (618.8 mg/g), the BP target is below 130/80 mmHg.
An ACEI or ARB is first-line treatment for hypertension in CKD patients with uACR > 30mg/mmol (265.2 mg/g). A thiazide diuretic or CCB is to be used as second-line medications. While both dihydropyridine CCB and non-dihydropyridine CCB have been shown to have similar effects in terms of BP control, non-dihydropyridine CCBs such as verapamil and diltiazem have been shown to reduce proteinuria to a greater extent. However, prescribing non-dihydropyridine CCBs over dihydropyridine CCBs would generally appear to be less popular in actual clinical practice, mainly due to concerns of increased risk of cardiac adverse effects such as bradycardia that could be potentially life-threatening in severe cases[26]. A potassium sparing agent such as spironolactone can also be added, but due to the increased risk of hyperkalaemia, this is recommended only if there is persistent poor BP control following the addition of a thiazide diuretic. Whilst these are the main antihypertensive options as per NICE guidelines, other antihypertensive classes exist, such as alpha blockers, direct renin inhibitors, vasodilators, and centrally acting antihypertensive agents. These medications are not currently recommended under the NICE and other international guidelines for various reasons, such as the presence of adverse effects as well as the lack of evidence that they offer a strong clinical benefit for CKD patients with hypertension.
A number of studies have been conducted reviewing antihypertensive prescribing patterns in patients with CKD. Amongst the more recent studies that have followed the introduction of updated hypertension guidelines, a study conducted by Magvanjav et al[12] utilized electronic health record data from 5658 CKD patients with hypertension to examine their antihypertensive drug prescribing patterns, BP control, and risk factors for resistant hypertension. As found in our study and in observational data stated from recent hypertension guidelines, Magvanjav et al[12] noted that 64% of patients were prescribed an ACEI or ARB. They also concluded that BP was better controlled in patients who were prescribed a combination of medications that included a diuretic and beta blocker. Another study by Alencar de Pinho et al[13] compared antihypertensive prescribing patterns in CKD patients internationally and similarly found that ACEI or ARB was the most commonly prescribed antihypertensive class. However, the investigators noted significant variations in antihypertensive medication prescribing practices globally for all antihypertensive agents across different stages of CKD. Taking ACEI or ARB for example, Alencar de Pinho et al[13] observed that the prevalence of an ACEI or ARB prescription varied between 54% and 91% across different countries. This emphasizes that significant variations remain regarding clinicians’ approaches to antihypertensive treatment prescription for their CKD patients within the real-world setting, whether they follow a guideline-recommended algorithm or basing their approach from personal clinical experiences and preferences.
Indeed there are numerous patient-specific and clinical challenges when treating hypertension in CKD, of which clinician variation in antihypertensive prescription practices is only one issue. This conundrum may be explained by the variability in national and international guideline recommendations at present. Areas where a global consensus has not been reached are the BP thresholds that determine when treatment initiation is indicated, for instance. There also remains no unified agreement on the BP targets to be achieved amongst CKD patients. More importantly, there is continuous debate and discussion on how best to optimize antihypertensive therapy for BP control and cardiorenal protection. These are avenues of research where further work is required.
There is now an increased indication for adding sodium glucose cotransport (SGLT2) inhibitors to the current portfolio of recommended medications for hypertension management in CKD, given their emergence as a therapeutic option for cardiorenal protection in people with and without diabetes[27]. Large, randomized, placebo-controlled trials have pointed to the potential of SGLT2 inhibitors as having positive effects on BP control in both office and out-of-office contexts. The SACRA, EMPA-REG BP, and CREDENCE trials were amongst the clinical trials that have made these conclusions[28-30]. The post hoc analysis of the CREDENCE trial demonstrated the BP-lowering effect of canagliflozin for patients with resistant hypertension, which is novel and encouraging[29]. Additional studies are needed to validate the role of SGLT2 inhibitors in optimizing BP control and reducing adverse cardiovascular outcomes amongst patients living with CKD and hypertension, particularly those with resistant hypertension.
Despite the main strength of our study being inclusion of an ethnically and socioeconomically diverse CKD patient group, as well as being conducted over a 20-year period, there are limitations to acknowledge. One limitation was an inability to clearly correlate details relating to the indication(s) for antihypertensive medication prescription and any adjustments during the follow-up period due to multiple clinicians being involved in a patient’s management. Furthermore, it is unclear if diuretics were prescribed as an antihypertensive agent within this context, or intended for other clinical purposes (e.g., for peripheral oedema). Understanding the indications for prescription of particular antihypertensive medication(s) would have been useful in determining the true patterns of antihypertensive prescribing practices in this study. Also, as our centre does not complete urinary antihypertensive screens routinely, there is always the confounding impact of drug non-compliance amongst patients receiving three or more antihypertensive agents. This contributes to poor BP control and its associated morbidity and mortality outcomes. Finally, there was incomplete data on determining the rate of decline in eGFR when comparing between CKD patients with three or more antihypertensive agents vs less than three antihypertensive agents prescribed due to delta eGFR data being unavailable for 162 patients (5% of entire cohort).

CONCLUSION
In summary, RAS blockers were found to be the most commonly prescribed antihypertensive agents, followed by diuretics and CCBs, which are recommended as second-line antihypertensive treatment options. Diuretics, beta blockers, and mineralocorticoid antagonists were found to be more commonly prescribed in CKD patients with cardiovascular comorbidities. Whilst our study results aligned with that of expectations from the current NICE guideline algorithm, further work determining optimal strategies in approaching antihypertensive prescription for CKD patients at both an individual and policy level is needed to reduce the variations currently observed in clinical practice. The opportunity to introduce newer and potentially more cost-effective therapies in the form of SGLT2 inhibitors for hypertension management in CKD is attractive and could be revolutionary in addressing these challenges, and continued research in this area is anticipated.

ARTICLE HIGHLIGHTS
Research background
Hypertension is a major contributor towards the progression of chronic kidney disease (CKD) and a leading consequence of CKD. Despite standard guidelines, clinician practices on managing hypertension in CKD patients remain variable.

Research motivation
It is important to explore the factors relating to CKD patients that influences a clinician’s decision to use specific antihypertensive agents with the aim to better standardize current antihypertensive prescription practices.

Research objectives
To investigate hypertension management practices in CKD patients within a real-world setting.

Research methods
We retrospectively analysed patients recruited into the Salford Kidney Study database. Data including patient demographic information, comorbidities, and a detailed antihypertensive medication history were reviewed. Prescription patterns of antihypertensive agents were explored based on estimated glomerular filtration rate expressed as mL/min/1.73 m2, urine albumin-creatinine ratio, primary kidney disease aetiology, and cardiovascular disease. The association between being prescribed three or more antihypertensive agents and clinical outcomes (i.e. all-cause mortality and reaching end stage kidney disease) was also studied.

Research results
A total of 3230 non-dialysis dependent CKD patients with data collected between October 2002 and December 2019 were included. The most frequently prescribed antihypertensive agents were renin angiotensin system blockers (61%), followed by diuretics (47%), dihydropyridine calcium channel blockers (39%), and beta blockers (34%). A greater proportion of patients were taking three or more antihypertensive agents with advancing CKD stages (53% of CKD stage 5 patients vs 26% of CKD stage 2 patients) and as the urine albumin-creatinine ratio increased (category A3: 62% vs category A1: 40%, P < 0.001). The prescription of three or more antihypertensive agents was associated with all-cause mortality, independent of blood pressure control (hazard ratio: 1.15; 95% confidence interval: 1.04-1.27, P = 0.006).

Research conclusions
Renin angiotensin system blockers were found to be the most prescribed antihypertensive agents, followed by diuretics and calcium channel blockers. Outcomes were poorer in CKD patients with poor blood pressure control despite being on multiple antihypertensive agents.

Research perspectives
Our study results aligned with expectations from the current National Institute of Health and Care Excellence guideline algorithm; further work determining optimal strategies in approaching antihypertensive prescriptions for CKD patients at both an individual and policy level is needed to reduce the variations currently observed in clinical practice.
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Figure Legends
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Figure 1 Kaplan-Meier analysis demonstrated associations between the prescription of three or more antihypertensive agents and all-cause mortality (log-rank, P < 0.001).
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Figure 2 Kaplan-Meier analysis demonstrated associations between the prescription of three or more antihypertensive agents and renal replacement therapy free survival (log-rank, P < 0.001). RRT: Renal replacement therapy.
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Figure 3 Kaplan-Meier analysis demonstrated associations between being prescribed renin angiotensin system blocker at baseline and all-cause mortality (log-rank, P < 0.001). RAS: Renin angiotensin system.
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Figure 4 Kaplan-Meier analysis demonstrated associations between being prescribed renin angiotensin system blocker at baseline and renal replacement therapy free survival (log-rank, P = 0.136). RAS: Renin angiotensin system.

Table 1 Demographic information and baseline characteristics of the cohort based on estimated glomerular filtration rate categories
	Demographic variables
	eGFR ≥ 60, n = 2181
	eGFR 45-59, n = 4911
	eGFR 30-45, n = 9621
	eGFR 15-29, n = 11741
	eGFR < 15, n = 3851
	Total, n = 32301
	P value1

	Age, yr
	53 (44-63)
	62 (50-70)
	68 (56-75)
	70 (60-78)
	71 (60-78)
	67 (56-76)
	< 0.001

	Sex, male
	126 (57.8)
	308 (62.7)
	573 (59.6)
	691 (58.9)
	251 (65.2)
	1949 (60.3)
	0.143

	Ethnicity, white
	198 (90.8)
	467 (95.1)
	924 (99.6)
	1127 (96.0)
	375 (97.4)
	3091 (95.7)
	0.003

	BMI, kg/m2
	28.3 (24.6-33.2)
	28.2 (25.0-32.4)
	28.0 (25.0-32.4)
	28.0 (25.0-32.6)
	27.4 (24.0-33.0)
	28.0 (24.7-32.6)
	0.490

	Systolic BP, mmHg
	132 (120-148)
	135 (122-150)
	139 (125-153)
	140 (126-155)
	143 (130-160)
	139 (125-154)
	< 0.001

	Diastolic BP, mmHg
	76 (70-82)
	76 (68-82)
	75 (67-81)
	72 (65-80)
	75 (66-82)
	75 (66-81)
	0.001

	Smoking history
	124 (56.9)
	300 (61.1)
	630 (65.5)
	781 (65.5)
	255 (66.2)
	2090 (64.7)
	0.027

	Alcohol history
	121 (55.5)
	252 (51.3)
	465 (48.3)
	504 (42.9)
	149 (38.7)
	1491 (46.2)
	< 0.001

	Hypertension
	166 (76.1)
	414 (84.3)
	862 (89.6)
	1091 (92.9)
	362 (94.0)
	2895 (89.6)
	< 0.001

	Diabetes mellitus
	37 (17.0)
	109 (22.2)
	291 (30.2)
	456 (38.8)
	148 (38.4)
	1041 (32.2)
	< 0.001

	IHD
	21 (9.6)
	75 (15.3)
	221 (23.0)
	275 (23.4)
	75 (19.5)
	667 (20.7)
	< 0.001

	MI
	14 (6.4)
	61 (12.4)
	149 (15.5)
	199 (17.0)
	59 (15.3)
	482 (14.9)
	0.001

	CCF
	18 (8.3)
	52 (10.6)
	169 (17.6)
	233 (19.8)
	84 (21.8)
	556 (17.2)
	< 0.001

	CVA
	8 (3.7)
	25 (5.1)
	75 (7.8)
	100 (8.5)
	41 (10.6)
	249 (7.7)
	0.004

	PVD
	19 (8.7)
	47 (9.6)
	122 (12.7)
	169 (14.4)
	58 (15.1)
	415 (12.8)
	0.016

	COPD
	32 (14.7)
	74 (15.1)
	179 (18.6)
	219 (18.7)
	64 (16.6)
	568 (17.6)
	0.260

	CLD
	8 (3.7)
	19 (3.9)
	30 (3.1)
	33 (2.8)
	9 (2.3)
	99 (3.1)
	0.683

	Malignancy
	19 (8.7)
	39 (7.9)
	109 (11.3)
	136 (11.6)
	50 (13.0)
	353 (10.9)
	0.094

	Laboratory variables
	
	
	
	
	
	
	

	Haemoglobin, g/L
	134 (121-145)
	131 (120-141)
	126 (115-137)
	120 (110-130)
	113 (104-122)
	123 (112-135)
	< 0.001

	Albumin, g/L
	44 (41-46)
	43 (41-45)
	43 (40-45)
	42 (40-44)
	42 (39-44)
	43 (40-45)
	< 0.001

	Corrected calcium, mmol/L
	2.32 (2.22-2.40)
	2.33 (2.24-2.41)
	2.31 (2.23-2.39)
	2.30 (2.20-2.39)
	2.28 (2.17-2.37)
	2.31 (2.22-2.39)
	< 0.001

	Phosphate, mmol/L
	1.05 (0.91-1.10)
	1.03 (0.91-1.16)
	1.07 (0.95-1.21)
	1.16 (1.02-1.31)
	1.39 (1.21-1.59)
	1.12 (0.98-1.29)
	< 0.001

	ALP, U/L
	71 (57-85)
	76 (59-97)
	82 (66-102)
	86 (69-112)
	89 (69-111)
	83 (66-105)
	< 0.001

	uACR, mg/g2
	15.9 (8.3-57.2)
	21.0 (10.6-60.5)
	24.0 (11.7 -77.0)
	43.0 (16.4-132.7)
	106.5 (44.4-232.6)
	32.7 (13.4-111.1)
	< 0.001


1Continuous variables are expressed with the median value (interquartile range). The P values were calculated by the Kruskal Wallis H test. Categorical variables are expressed as numbers (percentage). The P values were calculated by the 2 test. 2Missing urine albumin-creatinine ratio values for 391 patients. ALP: Alkaline phosphatase; BMI: Body mass index; BP: Blood pressure; CCF: Congestive cardiac failure; CLD: Chronic liver disease; COPD: Chronic obstructive pulmonary disease; CVA: Cerebrovascular accidents; eGFR: Estimated glomerular filtration rate expressed as mL/min/1.73 m2; IHD: Ischemic heart disease; MI: Myocardial infarction; PVD: Peripheral vascular disease; uACR: Urine albumin-creatinine ratio.

Table 2 Number of patients prescribed each antihypertensive class at baseline, organized by estimated glomerular filtration rate categories at baseline
	Antihypertensive class
	eGFR > 60 n = 2181
	, eGFR 45-59, n = 4911
	eGFR 30-45, n = 9621
	eGFR 15-29, n = 11741
	eGFR < 15 n = 3851
	, Total, n = 32301
	P value1

	None
	54 (24.8)
	73 (14.9)
	97 (10.1)
	78 (6.6)
	26 (6.8)
	328 (10.2)
	< 0.001

	Three or more agents
	57 (26.1)
	158 (32.2)
	397 (41.3)
	565 (48.1)
	206 (53.5)
	1383 (42.8)
	< 0.001

	Diuretic (thiazide and loop)
	58 (26.6)
	172 (35.0)
	441 (45.8)
	641 (54.6)
	213 (55.3)
	1525 (47.2)
	< 0.001

	CCB (dihydropyridine)
	58 (26.6)
	149 (30.3)
	364 (37.8)
	480 (40.9)
	205 (53.2)
	1256 (38.9)
	< 0.001

	CCB (non- dihydropyridine)
	6 (2.8)
	11 (2.2)
	44 (4.6)
	50 (4.3)
	23 (6.0)
	134 (4.1)
	0.055

	Beta-blocker
	51 (23.4)
	133 (27.1)
	324 (33.7)
	443 (37.7)
	156 (40.5)
	1107 (34.3)
	< 0.001

	Alpha-blocker
	28 (12.8)
	72 (14.7)
	186 (19.3)
	335 (28.5)
	158 (41.0)
	779 (24.1)
	< 0.001

	Central agents
	9 (4.1)
	15 (3.1)
	34 (3.5)
	59 (5.0)
	33 (8.6)
	150 (4.6)
	0.001

	Vasodilators
	2 (0.9)
	2 (0.4)
	6 (0.6)
	13 (1.1)
	7 (1.8)
	30 (0.9)
	0.189

	RAS blocker
	126 (57.8)
	316 (64.4)
	616 (64.0)
	733 (62.4)
	192 (50.0)
	1983 (61.4)
	< 0.001

	Dual RAS blockers
	22 (10.1)
	34 (7.0)
	50 (5.2)
	67 (5.7)
	14 (31.6)
	187 (5.8)
	0.014

	Spironolactone/eplerenone
	7 (3.2)
	17 (3.5)
	36 (3.7)
	44 (3.7)
	8 (2.1)
	112 (3.5)
	0.599


1Absolute number for frequencies (percentage). The P values were calculated by the 2 test. CCB: Calcium channel blocker; eGFR: estimated glomerular filtration rate expressed as mL/min/1.73 m2; RAS: Renin angiotensin system.

Table 3 Number of patients prescribed each antihypertensive class at baseline, organised by primary aetiology of chronic kidney disease at baseline
	Primary aetiology of CKD
	Three or more1
	RAS blocker1
	Diuretic1
	Beta blocker1
	Alpha blocker1
	CCB (dihydro-pyridine)1
	CCB (non-dihydro-pyridine)1
	Central agents1

	Diabetes, n = 636
	386 (61)
	463 (73)
	416 (65)
	239 (38)
	220 (35)
	281 (44)
	32 (5)
	53 (8)

	Hypertension, n =471
	246 (52)
	294 (62)
	245 (52)
	210 (45)
	154 (33)
	222 (47)
	33 (7)
	21 (5)

	Renovascular disease, n = 256
	163 (64)
	142 (56)
	178 (70)
	121 (47)
	92 (36)
	122 (48)
	20 (8)
	27 (11)

	Pyelonephritis, n = 200
	40 (20)
	102 (51)
	54 (27)
	50 (25)
	23 (12)
	61 (31)
	4 (2)
	3 (2)

	ADPKD, n = 197
	66 (34)
	149 (76)
	69 (35)
	55 (28)
	40 (20)
	78 (40)
	2 (1)
	6 (3)

	Tubulointerstitial nephritis, n = 116
	9 (8)
	40 (35)
	18 (16)
	27 (23)
	8 (7)
	35 (30)
	3 (3)
	2 (20)

	Glomerulonephritis, n = 375
	171 (46)
	305 (81)
	174 (46)
	95 (25)
	73 (20)
	147 (39)
	9 (2)
	21 (6)

	Vasculitis, n = 118
	31 (26)
	61 (52)
	34 (29)
	35 (30)
	19 (16)
	40 (34)
	2 (2)
	1 (1)

	Haematological disease, n = 31
	8 (26)
	14 (45)
	9 (29)
	8 (26)
	4 (13)
	7 (23)
	0
	1 (3)

	Other/unknown aetiology, n = 830
	263 (32)
	413 (50)
	328 (40)
	267 (32)
	146 (18)
	263 (32)
	29 (4)
	15 (2)


1Absolute number for frequencies (percentages). ADPKD: Autosomal dominant polycystic kidney disease; CCB: Calcium channel blocker; CKD: Chronic kidney disease; RAS: Renin angiotensin system.

Table 4 Number of patients prescribed with each antihypertensive class at baseline, organized by urine albumin-creatinine ratio categories at baseline
	Antihypertensive class
	uACR < 30, n = 13551,2
	uACR 30-300, n = 12361,2
	uACR > 300, n = 2481,2
	Total, n = 28391,3
	 P value1

	None
	148 (10.9)
	112 (9.1)
	12 (4.8)
	272 (9.6)
	< 0.001

	Three or more agents
	547 (40.4)
	530 (42.9)
	155 (62.5)
	1232 (43.4)
	< 0.001

	Diuretic (thiazide and loop)
	656 (48.4)
	542 (43.9)
	148 (59.7)
	1346 (47.4)
	< 0.001

	CCB (dihydropyridine)
	477 (35.2)
	516 (41.7)
	122 (49.2)
	1115 (39.3)
	< 0.001

	CCB (non- dihydropyridine)
	61 (4.5)
	54 (4.4)
	11 (4.4)
	126 (4.4)
	0.987

	Beta-blocker
	458 (33.8)
	418 (33.8)
	93 (37.5)
	969 (34.1)
	0.504

	Alpha blocker
	265 (19.6)
	335 (27.1)
	87 (35.1)
	687 (24.2)
	< 0.001

	Central agent
	45 (3.3)
	69 (5.6)
	23 (9.3)
	137 (4.8)
	< 0.001

	Vasodilator
	11 (0.8)
	16 (1.3)
	1 (0.4)
	28 (1.0)
	0.288

	RAS blocker
	840 (62.0)
	753 (61.0)
	174 (70.2)
	1767 (62.2)
	0.023

	Dual RAS blockers
	49 (3.6)
	80 (6.5)
	41 (16.5)
	170 (6.0)
	< 0.001

	Spironolactone/eplerenone
	52 (3.8)
	29 (2.3)
	11 (4.4)
	92 (3.2)
	0.054


1Absolute number for frequencies (percentages). The P values were calculated by the 2 test. 2uACR in mg/mg = -0.171 + 0.780  urine protein-creatinine ratio in mg/mg. 3Total was 2839 rather than 3230 as in previous tables as some patients were missing uACR data. CCB: Calcium channel blocker; RAS: Renin angiotensin system; uACR: Urine albumin-creatinine ratio in mg/g.

Table 5 Number of patients prescribed with each antihypertensive class at baseline, organized by categories according to the prevalence of congestive cardiac failure and other cardiovascular events at baseline
	Antihypertensive class
	CCF, n = 5561
	No CCF, n = 26741
	P value1
	CVE, n = 18291
	No CVE, n = 14011
	P value1

	None
	22 (4.0)
	306 (11.4)
	< 0.001
	72 (5.1)
	256 (14.0)
	< 0.001

	Diuretic (thiazide and loop)
	381 (68.4)
	1144 (42.8)
	< 0.001
	818 (58.4)
	707 (38.7)
	< 0.001

	CCB (dihydropyridine)
	192 (34.5)
	1064 (39.8)
	0.021
	561 (40.0)
	695 (38.0)
	0.238

	CCB (non-dihydropyridine)
	32 (5.8)
	102 (3.8)
	0.037
	92 (6.6)
	42 (2.3)
	< 0.001

	Beta blocker
	248 (44.6)
	859 (32.1)
	< 0.001
	621 (44.3)
	486 (26.6)
	< 0.001

	Alpha blocker
	140 (25.2)
	639 (23.9)
	0.520
	385 (27.5)
	394 (21.7)
	< 0.001

	Central agent
	29 (5.2)
	121 (4.5)
	0.481
	73 (5.2)
	77 (4.2)
	0.180

	Vasodilator
	4 (0.7)
	26 (1.0)
	0.572
	17 (1.2)
	13 (0.7)
	0.140

	RAS blocker
	360 (64.7)
	1623 (60.7)
	0.074
	839 (42.3)
	1144 (57.7)
	0.124

	Dual RAS blockers
	24 (4.3)
	163 (6.1)
	0.102
	70 (37.4)
	117 (62.6)
	0.091

	Spironolactone/eplerenone
	56 (10.1)
	56 (2.1)
	< 0.001
	80 (5.7)
	32 (1.7)
	< 0.001


1Absolute number for frequencies (percentages). The P values were calculated by the 2 test. CCB: Calcium channel blocker; CCF: Congestive cardiac failure; CVE: Cardiovascular events; RAS: Renin angiotensin system.

Table 6 Number of patients prescribed with each antihypertensive class at baseline and at the 12-mo follow-up
	Antihypertensive class
	Baseline, n = 22561
	12-mo follow-up, n = 22561
	P value1

	Diuretic (thiazide and loop)
	1131 (50.1)
	1107 (49.1)
	0.475

	CCB (dihydropyridine)
	905 (40.1)
	930 (41.2)
	0.449

	CCB (non- dihydropyridine)
	102 (4.5)
	90 (4.0)
	0.376

	Beta blocker
	783 (34.7)
	767 (34.0)
	0.616

	Alpha blocker
	544 (24.1)
	558 (24.7)
	0.628

	Central agent
	111 (4.9)
	117 (5.2)
	0.683

	Vasodilator
	19 (0.8)
	15 (0.7)
	0.491

	RAS blocker
	1416 (62.8)
	1383 (61.3)
	0.311

	Dual RAS blockers
	145 (6.4)
	163 (7.2)
	0.288

	Spironolactone/eplerenone
	84 (3.7)
	73 (3.2)
	0.372


1Absolute number for frequencies (percentages). The P values were calculated by the 2 test. CCB: Calcium channel blocker, RAS: Renin angiotensin system.

Table 7 Number of patients prescribed with each antihypertensive class at baseline and the 12-mo and 24-mo follow-ups
	Antihypertensive class
	Baseline, n = 17081
	12-mo follow-up, n = 17081
	24-mo follow-up, n = 17081
	P value1

	Diuretic (thiazide and loop)
	895 (52.4)
	874 (51.2)
	839 (49.1)
	0.153

	CCB (dihydropyridine)
	696 (40.7)
	710 (41.6)
	646 (37.8)
	0.063

	CCB (non- dihydropyridine)
	83 (4.9)
	74 (4.3)
	75 (4.4)
	0.719

	Beta blocker
	588 (34.4)
	581 (34.0)
	560 (32.8)
	0.573

	Alpha blocker
	421 (24.6)
	433 (25.4)
	394 (23.1)
	0.281

	Central agent
	81 (4.7)
	90 (5.3)
	66 (5.0)
	0.779

	Vasodilator
	18 (1.1)
	14 (0.8)
	18 (1.1)
	0.724

	RAS blocker
	1076 (63.0)
	1077 (63.1)
	1056 (61.8)
	0.417

	Dual RAS blockers
	99 (5.8)
	127 (7.4)
	122 (7.1)
	0.127

	Spironolactone/eplerenone
	58 (3.4)
	49 (2.9)
	43 (2.5)
	0.309


1Absolute number for frequencies (percentages). The P values were calculated by the 2 test. CCB: Calcium channel blocker, RAS: Renin angiotensin system.

Table 8 Patient proportion achieving blood pressure < 140/90 mmHg at the 12-mo and 24-mo follow-ups in comparison to baseline
	Time
	Total number of patients
	Number of patients with BP < 140/90 mmHg1
	P value1

	Baseline
	3230
	1549 (48.0)
	-

	12-mo follow-up
	2096
	1083 (52.0)
	0.008

	24-mo follow-up
	1541
	797 (51.7)
	0.015


1Absolute number for frequency (percentage). The P values were calculated by the 2 test. BP: Blood pressure.

Table 9 Patient proportion achieving blood pressure < 140/90 mmHg at the 12-mo and 24-mo follow-ups in comparison to baseline (patients on three or more antihypertensive agents)
	
	Total number of patients on three or more agents
	Number of patients with BP < 140/90 mmHg1
	P value1

	Baseline
	1383
	629 (45.5)
	-

	12-mo follow-up
	961
	473 (49.2)
	0.074

	24-mo follow-up
	724
	359 (49.6)
	0.072


1Absolute number for frequency (percentage). The P values were calculated by the 2 test. BP: Blood pressure.

Table 10 Cox regression analysis demonstrating associations between the prescription of three or more antihypertensive agents with all-cause mortality
	Analysis
	HR (95%CI)1
	P value1

	Univariate model
	1.55 (1.41-1.69)
	< 0.001

	Multivariate model 12
	1.33 (1.21-1.45)
	< 0.001

	Multivariate model 23
	1.23 (1.12-1.35)
	< 0.001

	Multivariate model 34
	1.15 (1.04-1.27)
	0.006


1Absolute number for hazard ratio alongside corresponding 95% confidence interval and P value. 2Multivariate model 1: adjusted for age, sex, ethnicity, smoking status, and alcohol intake. 3Multivariate model 2: adjusted for all covariates of model 1 plus diabetes, any cardiovascular disease (ischemic heart disease or myocardial infarction or congestive cardiac failure or cerebrovascular accident or peripheral vascular disease), and blood pressure control < 140/90 mmHg. 4Multivariate model 3: adjusted for all covariates of model 2 plus estimated glomerular filtration rate and urine albumin-creatinine ratio. HR: Hazard ratio; 95%CI: 95% confidence interval.

Table 11 Cox regression analysis demonstrated associations between the prescription of three or more antihypertensive agents with progression to end stage kidney disease
	Analysis
	HR (95%CI)1
	P value1

	Univariate model
	1.60 (1.39-1.84)
	< 0.001

	Multivariate model 12
	1.81 (1.56-2.10)
	< 0.001

	Multivariate model 23
	1.55 (1.37-1.76)
	< 0.001

	Multivariate model 34
	1.31 (1.14-1.50)
	< 0.001


1Absolute number for hazard ratio alongside corresponding 95% confidence interval and P value. 2Multivariate model 1: adjusted for age, sex, ethnicity, smoking status, and alcohol intake. 3Multivariate model 2: adjusted for all covariates of model 1 plus diabetes, any cardiovascular disease (ischemic heart disease or myocardial infarction or congestive cardiac failure or cerebrovascular accident or peripheral vascular disease), and blood pressure control < 140/90 mmHg. 4Multivariate model 3: adjusted for all covariates of model 2 plus estimated glomerular filtration rate and urine albumin-creatinine ratio. HR: Hazard ratio; 95%CI: 95% confidence interval

Table 12 Rate of decline in estimated glomerular filtration rate in patients with three or more antihypertensive agents vs less than three antihypertensive agents prescribed
	eGFR
	Three or more agents prescribed1
	Less than three agents prescribed1
	P value1

	2Delta eGFR, mL/min/1.73m2/yr
	-1.79 (-4.25 to -0.07)
	-1.07 (-3.10 to 0.72)
	< 0.001


1Expressed as a median (interquartile range). The P value was calculated by the Mann-Whitney U test. 2Delta estimated glomerular filtration rate analysis included 3068 patients with estimated glomerular filtration rate data available as defined. eGFR: Estimated glomerular filtration rate.
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