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Abstract

Aims: To describe hypertension-related cardiovascular magnetic resonance (CMR) phenotypes in the UK Biobank considering variations across patient populations.

Methods and results: We studied 39,095 (51.5% women, mean age: 63.9±7.7 years, 38.6% hypertensive) participants with CMR data available. Hypertension status was ascertained through health record linkage. Associations between hypertension and CMR metrics were estimated using multivariable linear regression adjusting for major vascular risk factors. Stratified analyses were performed by sex, ethnicity, time since hypertension diagnosis, and blood pressure (BP) control. Results are standardized beta coefficients, 95% confidence intervals (CIs), and p-values corrected for multiple testing. Hypertension was associated with concentric left ventricular (LV) hypertrophy (increased LV mass, wall thickness, concentricity index), poorer LV function (lower global function index, worse global longitudinal strain), larger left atrial (LA) volumes, lower LA ejection fraction, and lower aortic distensibility. Hypertension was linked to significantly lower myocardial native T1 and increased LV ejection fraction. Women had greater hypertension-related reduction in aortic compliance than men. The degree of hypertension-related LV hypertrophy was greatest in Black ethnicities. Increasing time since diagnosis of hypertension was linked to adverse remodelling. Hypertension-related remodelling was substantially attenuated in hypertensives with good BP control.

Conclusions: Hypertension was associated with concentric LV hypertrophy, reduced LV function, dilated poorer functioning LA, and reduced aortic compliance. Whilst the overall pattern of remodelling was consistent across populations, women had greater hypertension-related reduction in aortic compliance and Black ethnicities showed the greatest LV mass increase. Importantly, adverse cardiovascular remodelling was markedly attenuated in hypertensives with good BP control.
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Introduction
Hypertension is a major cardiovascular risk factor, with an estimated global prevalence of over one billion people1. Hypertensive heart disease comprises a constellation of adverse phenotypic alterations of cardiac structure and function2. Whilst several imaging techniques are available to characterise the hypertensive heart, cardiovascular magnetic resonance (CMR) provides superior reproducibility for quantification of cardiac chamber volumes, mass, and function as well as uniquely allowing characterization of myocardial fibrosis3.
Previous studies have investigated hypertension-related cardiac remodelling using CMR in select clinical samples2,4–6. However, this subject has not been adequately studied in large population-based cohorts. Furthermore, while sex and ethnicity differences in the burden, treatment response, and health consequences of hypertension are widely recognized7,8, there is little data describing variations in cardiac remodelling associated with these demographic factors. Characterizing hypertension-related cardiovascular remodelling and heterogeneities in different populations is essential for understanding the mechanisms through which hypertension leads to disease and variation in risk across patient groups.
We characterised the hypertensive cardiovascular phenotype in approximately 40,000 community-dwelling participants from the UK Biobank, considering variations by sex, ethnicity, duration of exposure, and blood pressure (BP) control.

Methods
UK Biobank, Study Population and Setting
The UK Biobank is a large prospective cohort of over 500,000 participants9. UK residents aged 40–69 years old, were identified through National Health Service registers and recruited between 2006 and 20109. Baseline assessment comprised detailed characterization of socio-demographics, lifestyle factors, medical history, and a series of physical measures9. The UK Biobank Imaging Study (2015-ongoing), which includes CMR, aims to scan 100,000 of the original participants10. Many of the baseline assessments are repeated at the imaging visit. Extensive health record linkages have been established for the UK Biobank cohort.

Hypertension status
We considered two approaches to defining hypertension. Firstly, we considered clinically diagnosed hypertension (binary) ascertained based on record of a hypertension diagnosis at time of imaging in any of the linked databases or UK Biobank assessment questions (Supplementary Table 1). Second, in supplementary analyses, we considered systolic BP (SBP) as the exposure of interest (continuous variable). Participants had two BP measurements at the time of imaging. We defined systolic BP (SBP) using the average of the two readings, limiting to values between 60 to 220 mmHg. Duration of hypertension exposure was defined by the length of time between first recorded clinical diagnosis of hypertension and the imaging visit, categorized as ≤5 years, 6-10 years, 11-20 years, or >20 years.

Hypertension treatment status
To examine variations by BP control, we limited the sample to clinically diagnosed hypertensives with antihypertensive medications listed in primary care prescription records (i.e., “treated hypertension”). As per the National Institute for Health and Care Excellence (NICE) guidelines11, we considered the following medication classes as anti-hypertensives: angiotensin converting enzyme (ACE) inhibitors, angiotensin receptor blockers, calcium channel blockers, thiazide diuretics, alpha-blockers, beta-blockers, and mineralocorticoid receptor antagonists (Supplementary Table 2). We stratified this subset of participants according to whether their SBP recorded at imaging was above or below the age-specific target BP recommended by NICE11. Participants were assigned the label of “good control” where SBP was <140 mmHg for adults aged under 80 and SBP <150 mmHg for adults aged 80 and over, or “poor control” where SBP was above these target thresholds.

CMR image acquisition and analysis
CMR scans were performed using 1.5 T scanners (MAGNETOM Aera, Synge Platform VD13A, Siemens Healthcare, Erlangen, Germany)10. Fully automated image analysis pipelines with in-built quality control were trained and validated on a large ground truth manual analysis dataset of over 5,000 UK Biobank studies12–14. Participants without a valid (unavailable or poor quality) CMR metric were excluded from analysis for that metric. We included the following measures: Left atrial volume index (LAVi), left atrial ejection fraction (LAEF), Left ventricular end diastolic volume index (LVEDVi), left ventricular mass index (LVMi), left ventricular mass-to-end diastolic volume ratio (LVM/LVEDV), maximal wall thickness (MWT), left ventricular ejection fraction (LVEF), left ventricular systolic volume index (LVSVi), left ventricular global function index (LVGFI), global longitudinal strain (GLS), myocardial Native T1 (global mid-ventricular short axis slice), aortic distensibility (AoD).
As per previous reports15, LVGFI (%) was calculated as LV stroke volume/LV global volume × 100, where LV global volume was calculated as the sum of the LV mean cavity volume [(LV end-diastolic volume + LV end-systolic volume)/2] and myocardium volume (LV mass/density). Density of LV was specified as 1.05 g/mL. AoD is a direct measure of local arterial stiffness determined by the change in aortic cross-sectional area in systole-diastole (ie, aortic strain) divided by central pulse pressure (in mmHg)16.

Ascertainment of covariates
Participant age was recorded at the imaging visit. Sex and ethnicity were self-reported. Ethnicity categories supplied by the UK Biobank are: “White”, “Black or Black British”, “Asian or Asian British”, “Chinese”, “Mixed”, and “Other”. In the UK Biobank, “Asian or Asian British” refers to Indian, Pakistani, Bangladeshi or “any other Asian” background. Smoking status and alcohol intake were self-reported. The Townsend deprivation index was calculated immediately prior to participants joining the UK Biobank based on the preceding national census output areas. The score incorporates four elements of employment, car ownership, home ownership, and household overcrowding17. Each participant is assigned a score corresponding to the output area in which their postcode is located. A score of zero indicates deprivation equivalent to national averages, whilst positive scores indicate greater, and negative values lower, deprivation levels. Body mass index (BMI) was calculated from height and weight measured at imaging. Diabetes and high cholesterol status, at time of imaging, were defined from record of the diagnosis in any of the linked databases or UK Biobank assessment questions (Supplementary Table 1).

Statistical analysis
Analysis was performed using R version 4.1.2 and RStudio 2022.07.1. Descriptive statistics are presented as mean (standard deviation, SD) or median [25th percentile, 75th percentile] depending on distribution skewness. Associations between diagnosed hypertension and each CMR metric were assessed using multivariable linear regression, adjusted for age, sex, ethnicity, Townsend index, alcohol intake frequency, BMI, smoking, diabetes, and high cholesterol. We performed stratified analyses by sex, ethnicity, and time since diagnosis, and among treated hypertensives, by BP control (good vs poor control). In sensitivity analyses, associations were re-examined with SBP set as the exposure of interest.
Associations are reported as standardized beta coefficients with corresponding 95% confidence intervals (CIs) and p-values. Significance thresholds were adjusted for multiple testing using the Benjamini-Hochberg method18 with a 5% false discovery rate.

Results
Baseline characteristics
The study includes 39,095 participants (Supplementary Figure 1). The mean age was 63.9 ± 7.7 years, 48.5% of the participants were male, and 97.0% were from White ethnic backgrounds (Table 1). We identified 15,107 participants with a clinical diagnosis of hypertension. These individuals had greater burden of cardiovascular risk factors. The prevalence of diabetes and high cholesterol in the hypertensive group were 11.2% and 51.0%, compared to 2.5% and 15.8% in the non-hypertensive cohort, respectively. Amongst those with hypertension, 80.2% (12,119/15,107) had a record of antihypertensive medications, with 37.0% (5,594/15,107) on three or more different antihypertensive classes (Table 1). Averages for CMR phenotypes stratified by hypertension status are presented in Supplementary Table 3.

Association of hypertension with cardiovascular phenotypes
In fully adjusted linear regression models, hypertension was associated with larger LAVi and lower LAEF (Figure 1, Table 2). The largest magnitude of positive association was seen with LVMi (Beta= 0.258, 95% CI= [0.238, 0.279]), MWT (Beta=0.240, 95% CI= [0.219, 0.261]), and LVM/LVEDV (Beta=0.200, 95% CI= [0.177, 0.223]). Hypertension was associated with higher LVEF and LVSVi. At the same time, we found significant association of hypertension with lower LVGFI and worse GLS values. Hypertension was associated with lower AoD There was a negative association between hypertension and native T1. These associations were consistent in models with SBP set as the exposure of interest (Supplementary Table 4).

Sex differential remodelling
We observed an overall similar pattern of hypertension-related cardiovascular remodelling in men and women across all CMR metrics (Table 2). There was evidence of significant sex interaction for associations with AoD and myocardial native T1. In fully adjusted sex stratified analyses, hypertension was associated with lower AoD in both men (Beta=-0.146, [-0.174, -0.119], p=2.39x10-25) and women (Beta=-0.199, 95% CI=[-0.228, -0.169], p=4.54x10-39) but with greater magnitude of effect in women. The association of hypertension with lower native T1 in the whole cohort was driven by relationships in women (Beta=-0.117, 95% CI= [-0.148, -0.087], p=4.07x10-14) and attenuated to the null in men (Beta=-0.008, 95% CI=[-0.038, 0.023], p=0.62). We observed similar results in models with SBP set as the exposure of interest (Supplementary Table 4).

Time since diagnosis
Independent of all other covariates, participants with greater time since diagnosis of hypertension, had larger magnitude of effect in positive associations with LVMi, MWT, and LVM/LVEDV (Figure 2, Supplementary Table 5). Hypertension was not significantly associated with LVEF among participants diagnosed with hypertension for <11 years. However, in those with longer time since diagnosis (≥11 years), hypertension was associated with significantly increased LVEF. Participants with greater time since diagnosis had larger magnitude of association between hypertension and lower AoD. Increasing time since diagnosis of hypertension was associated with progressively larger degree of positive association with LAVi, but with a much steeper increase in effect size for those with the longest duration of exposure (>20 years). For LAEF, the magnitude of reduction was greatest in participants who were diagnosed with hypertension for ≤5 years or ≥20 years.

Blood pressure control
Compared to non-hypertensives, individuals with treated hypertension and poor BP control had similar remodelling patterns as described in the entire hypertensive cohort, but with larger effect sizes (Table 3, Figure 1). In participants with treated hypertension and good BP control, many of the hypertension-CMR associations were attenuated to the null. The only indicators of significant LV remodelling in this subset were higher MWT and poorer GLS. Surprisingly, those with well-controlled treated hypertension had slightly higher AoD than the group without hypertension diagnosis. Observed LAVi enlargement was noticeably greater in those with poor BP control vs good BP control (Beta= 0.288 vs 0.082), whilst the reduction in LAEF was greater in those with good control. These relationships were broadly consistent between men and women (Supplementary Table 6). 

Ethnicity differential patterns
The direction and pattern of associations between hypertension status and CMR metrics were consistent across all ethnic groups (Supplementary Table 7). Association of hypertension with higher LVMi (Beta=0.363 vs 0.257 in White ethnicities) and poorer LV function by LVGFI (Beta=-0.345 vs -0.055 in White ethnicities) were greatest in Black ethnicities than in any other ethnic group. Whilst hypertension was associated with lower AoD across all ethnicities, the magnitude of effect was greatest in Chinese and Asian or Asian British (Beta= -0.191 and -0.406, respectively, vs -0.173 in White ethnicities) ethnic groups.
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Discussion
Summary of Findings
In this large population-based study of 39,095 UK Biobank participants, we demonstrate a distinct adverse cardiovascular phenotype associated with hypertension. The prominent remodelling pattern was that of concentric LV hypertrophy (higher mass, greater wall thickness) and poorer LV function by LVGFI and GLS. We also demonstrate associations of hypertension with a larger and poorer functioning left atrium, in keeping with elevated LV filling pressures and diastolic dysfunction. Hypertension was linked to higher LVEF, likely reflecting compensatory adaptations in the setting of hypertension and geometric assumptions in calculation of this metric. Whilst the phenotype of the hypertensive heart was broadly similar in both men and women, there was evidence of greater hypertension-related reduction in aortic compliance in women than men. Furthermore, our results shed light into the natural history of hypertension-related cardiac remodelling, demonstrating greater concentric LV hypertrophy and worsening diastolic dysfunction by LA metrics in subsets with greater time since diagnosis of hypertension. Importantly, we found notable attenuation of hypertension-CMR associations in treated hypertensives with good (vs poor) BP control. Finally, we demonstrate ethnic variations in the degree of cardiovascular remodelling, noting greater LV hypertrophy in Asian and Black ethnicities and greater reduction in aortic compliance in Chinese ethnic groups.

Comparison with Existing Literature
The most prominent cardiovascular remodelling pattern associated with hypertension in our study was that of concentric LV hypertrophy, which reflects an adaptive response to increased arterial afterload occurring as a consequence of systemic hypertension2. Our observations are consistent with several previous reports and corroborate the findings of these existing works in a much larger cohort.
We observed a larger magnitude of increase in LVMi in response to hypertension in Black ethnicities than other ethnic groups. Asian and Asian British ethnicities also had more prominent hypertension-related hypertrophic LV remodelling than other ethnicities, second to Black ethnicities. Chinese ethnicities had the greatest reduction in aortic compliance related to hypertension than any other ethnic group. There is limited data on ethnic differences in hypertension-related cardiac remodelling. Consistent with our findings, in a study of 82 hypertensives (44 Black, 38 White), Mohamed et al. report greater propensity to LV hypertrophy in Black individuals19. Our study is the first to report differential CMR remodelling patterns in other ethnic groups. 
We found that hypertension was associated with higher LVEF. This phenomenon is previously described in the literature20–22 and likely reflects compensatory adaptations and geometric assumptions in calculation of this metric. Although little data is available on the clinical significance of this phenomenon, supranormal LVEF has been linked to a higher risk of adverse cardiovascular outcomes in hypertensive patients23. We found that LVGFI, a novel measure of LV function which incorporates correction for LV structure, was significantly reduced in association with hypertension. Previous reports have identified LVGFI as a predictor of heart failure and cardiovascular events with incremental utility over LVEF24–26. Our results demonstrate significant association between hypertension and lower LVGFI in a larger population-based cohort. We additionally observed significant association of hypertension with poorer GLS values. GLS is an emerging measure of longitudinal function loss2,27. To our knowledge, this is the first study to demonstrate an association between hypertension and GLS in a large cohort using CMR. Thus, our findings significantly extend existing literature in demonstrating associations of hypertension with two novel metrics: LVGFI and GLS, and in illustrating paradoxical hypertension-LVEF relationships.
We observed significant associations of hypertension with left atrial remodelling, specifically larger LAVi and reduced LAEF. These alterations likely reflect elevated LV filling pressures and diastolic dysfunction, which are a dominant component of the hypertensive hemodynamic response. Our findings are consistent with previous works using echocardiography. Eshoo et al.28 report large LAV in 112 patients with mild hypertension compared to 198 healthy volunteers; whilst the authors adjust for body size and sex they do not account for other comorbidities and thus cannot distinguish this remodelling pattern as distinct to hypertension.
Consistent with our biologic understanding of the hemodynamic impact of hypertension, we observed significant associations between hypertension and lower arterial compliance29,30. Notably, we found that women had a greater reduction in AoD than men, suggesting that the adverse vascular effects of hypertension may be greater in women. Our study is the first to highlight this sex-differential response to hypertension.
We observed significantly lower native T1 in participants with hypertension compared to those without. This finding is consistent with a previous UK Biobank study31. Existing studies5,32 report higher native T1 in hypertensive patients with higher degrees of LV hypertrophy (vs hypertensives with less hypertrophy). It is not possible to directly compare these results with our analysis of hypertensive vs non-hypertensive individuals. Furthermore, there are important technical differences in the acquisition of native T1 maps and the analysis of these images in our study compared to existing literature, which again limits direct comparisons. Possible explanations for the lower native T1 in hypertensive participants include technical factors such as reduced blood pool partial voluming with greater degrees of LV hypertrophy associated with hypertension (especially among women), differences in image segmentation methods, or discrepancies in heart rate33. Biological reasons, such as an increase in the intracellular volume, might also play a role. Although typically used as a marker of diffuse interstitial fibrosis, native T1 reflects both myocyte and interstitial compartments. In pathologies such as hypertensive heart disease where both compartments are affected, native T1 should be interpreted in the appropriate context, considering disease severity, treatment effects, and adaptive remodelling patterns. Further work is required to better understand hypertension-related variations of native T1.
Our results show greater concentric LV hypertrophy, and progressively worsening diastolic dysfunction by LA metrics with increasing durations of hypertension exposure. Whilst diastolic dysfunction and impaired LV hypertrophy are well-described in the literature, this is the first study to show a dose-response relationship. In patients with a duration of exposure to hypertension of between 6 and 15 years, there was a slight improvement in LAEF. This may signify a progression of diastolic dysfunction with pseudo-normalization of the LAEF in the interim grades34,35. In an echocardiography study, Inoue et al.36 found that LAEF compensated in early and middle stages of hypertension but reduced in late-stage disease. Furthermore, we found that association of hypertension with greater LVEF was only observed in patients with 11 or more years of exposure to hypertension, suggesting that this relationship is indicative of more advanced hypertension-related adaptation.
We observed remarkable attenuation of hypertension associations with adverse LV remodelling and aortic stiffness in treated hypertensives with good BP control. Chung et al.37 showed an association between poorly controlled hypertension and increased arterial stiffness, using brachial-ankle pulse wave velocity. Lønnebakken et al.38 showed that persistent LV hypertrophy was associated with suboptimal BP control. We significantly extend these observations by demonstrating attenuation of hypertension-related remodelling with optimal BP control across a range of phenotypic measures. Our observations strongly support efforts to achieve BP control in patients with hypertension.
Associations of hypertension with lower LAEF were of larger magnitude in participants with well-controlled hypertension than in those with poor control. This observation has not been previously reported in the literature and may reflect bias by indication or pharmacological mechanism of anti-hypertensives. Further studies are needed to clarify the complex relationship between anti-hypertensive medications and diastolic function.

Limitations
The limited ethnic diversity in the UK Biobank restricts statistical power for examining associations in participants from ethnicities other than White. The analysis is limited to individuals with valid CMR metrics. Factors related to acquisition of high quality CMR images include the participants’ ability to lie flat, follow breath-hold instructions, and absence of arrhythmias (e.g., atrial fibrillation, or frequent ectopy). Given that these factors are related to poorer cardiovascular health, it is possible that we inadvertently excluded individuals with more severe adverse cardiovascular phenotypes. As this is most likely to affect participants with hypertension, the impact of this exclusion is to dampen reported associations. We present associations of hypertension in participants with different durations of exposure. Whilst this provides a representation of natural history of hypertension-related remodelling, our analysis does not include longitudinal data. Covariates, such as diabetes and high cholesterol, were treated as binary variables based on presence or absence of the diagnosis in all available linked records (primary or secondary care, self-report of the diagnosis, or self-report of relevant medications). The binary classification of disease status limits granularity of risk level, and we do not consider duration of exposure to each condition. Given that individuals with hypertension have greater propensity to cardiometabolic morbidities, incomplete capture of risk in this way may result in residual confounding with tendency towards augmentation or disruption of relationships associated with hypertension. We cannot exclude residual confounding or reverse causation.

Conclusions
Our findings present a comprehensive assessment of cardiovascular alterations in response to hypertension providing novel insights into physiologic adaptions and variations in response to hypertension across populations.
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Table 1. Sample characteristics
	
	Whole sample 
(n= 39,095)
	Diagnosed Hypertension 
(n= 15,107, 38.6%)
	No Hypertension
(n= 23,988, 61.4%)

	Age (years)
	63.9 (±7.7)
	66.1 (±7.3)
	62.6 (±7.6)

	Women
	20,138 (51.5%)
	6,574 (43.5%)
	13,564 (56.5%)

	Men
	18,957 (48.5%)
	8,533 (56.5%)
	10,424 (43.5%)

	Ethnicity group
	
	
	

	White
	37,903 (97.0%)
	14,629 (96.8%)
	23,274 (97.0%)

	Asian
	410 (1.0%)
	174 (1.2%)
	236 (1.0%)

	Black
	246 (0.6%)
	122 (0.8%)
	124 (0.5%)

	Chinese
	109 (0.3%)
	30 (0.2%)
	79 (0.3%)

	Mixed
	180 (0.5%)
	61 (0.4%)
	119 (0.5%)

	Other
	170 (0.4%)
	61 (0.4%)
	109 (0.5%)

	(Missing)
	77 (0.2%)
	30 (0.2%)
	47 (0.2%)

	Smoking status
	
	
	

	Never smoked
	24,343 (62.3%)
	8,728 (57.8%)
	15,615 (65.1%)

	Previous smoker
	13,368 (34.2%)
	5,875 (38.9%)
	7,493 (31.2%)

	Current smoker
	1,384 (3.5%)
	504 (3.3%)
	880 (3.7%)

	Alcohol intake frequency
	
	
	

	Never
	2,525 (6.5%)
	1,069 (7.1%)
	1,456 (6.1%)

	Less than once per week
	8,428 (21.6%)
	3,346 (22.1%)
	5,082 (21.2%)

	Once weekly or more
	27,926 (71.4%)
	10,593 (70.1%)
	17,333 (72.3%)

	(Missing)
	216 (0.6%)
	99 (0.7%)
	117 (0.5%)

	Body mass index (kg/m2)
	25.9 [23.5, 28.8]
	27.1 [24.6, 30.2]
	25.2 [23.0, 27.8]

	Townsend deprivation score
	-2.6 [-3.9, -0.6]
	-2.6 [-3.9, -0.5]
	-2.7 [-3.9, -0.6]

	Diabetes
	2,286 (5.8%)
	1,692 (11.2%)
	594 (2.5%)

	High cholesterol
	11,488 (29.4%)
	7,706 (51.0%)
	3,782 (15.8%)

	SBP at imaging (mmHg)
	138.9 (±18.7)
	145.3 (±18.7)
	134.9 (±17.5)

	SBP category
	
	
	

	At or above 140mmHg (note)
	17,606 (45.0%)
	9,014 (59.7%)
	8,592 (35.8%)

	Below 140mmHg
	21,489 (55.0%)
	6,093 (40.3%)
	15,396 (64.2%)

	Duration of hypertension
	
	
	

	Five years or less
	
	2,642 (17.5%)
	

	Six to 10 years
	
	2,653 (17.6%)
	

	Eleven to 20 years
	
	5,849 (38.7%)
	

	More than 20 years
	
	3,963 (26.2%)
	

	Antihypertensive medications
	
	
	

	None
	
	2,988 (19.8%)
	

	One or two
	
	6,525 (43.2%)
	

	Three or more
	
	5,594 (37.0%)
	


Table 1 footnote: Counts variables are presented as number (percentage), continuous variables as mean (standard deviation) or median (inter-quartile range). SBP= systolic blood pressure.

Table 2. Associations of hypertension with CMR metrics in fully adjusted linear regression models stratified by sex
	
	Whole sample
	Women
	Men
	Hypertension x sex interaction

	LAVi
	0.159* [0.130, 0.188]
	0.142* [0.105, 0.180]
	0.176* [0.132, 0.220]
	0.050 [-0.002, 0.103]

	
	3.81x10-27
	1.60x10-13
	5.26x10-15
	0.0617

	LAEF
	-0.117* [-0.146, -0.089]
	-0.124* [-0.162, -0.086]
	-0.108* [-0.151, -0.065]
	-0.017 [-0.069, 0.035]

	
	1.08x10-15
	1.52x10-10
	9.77x10-7
	0.5218

	LVEDVi
	0.101* [0.077, 0.125]
	0.088* [0.060, 0.116]
	0.119* [0.080, 0.157]
	-0.020 [-0.063, 0.024]

	
	8.31x10-17
	1.36x10-9
	1.29x10-9
	0.3741

	LVSVi
	0.113* [0.088, 0.138]
	0.109* [0.077, 0.141]
	0.121* [0.082, 0.160]
	-0.037 [-0.082, 0.009]

	
	1.42x10-18
	1.61x10-11
	1.42x10-9
	0.1149

	LVMi
	0.258* [0.238, 0.279]
	0.238* [0.213, 0.262]
	0.283* [0.250, 0.316]
	0.005 [-0.032, 0.042]

	
	2.20x10-133
	2.70x10-80
	2.74x10-62
	0.7873

	LVM/LVEDV
	0.200* [0.177, 0.223]
	0.206* [0.177, 0.235]
	0.193* [0.157, 0.228]
	-0.003 [-0.045, 0.039]

	
	2.21x10-64
	5.16x10-44
	7.70x10-26
	0.8788

	Maximal WT
	0.240* [0.219, 0.261]
	0.243* [0.217, 0.269]
	0.236* [0.203, 0.269]
	-0.001 [-0.039, 0.038]

	
	8.51x10-110
	2.40x10-73
	1.37x10-44
	0.9759

	LVEF
	0.038* [0.013, 0.063]
	0.048* [0.014, 0.082]
	0.029 [-0.008, 0.067]
	-0.030 [-0.076, 0.017]

	
	0.0032
	0.0057
	0.1274
	0.2097

	LV GFI
	-0.057* [-0.081, -0.033]
	-0.058* [-0.092, -0.024]
	-0.056* [-0.090, -0.023]
	0.003 [-0.040, 0.047]

	
	2.66x10-6
	7.61x10-4
	0.0011
	0.8881

	GLS
	0.049* [0.021, 0.077]
	0.042 [0.002, 0.082]
	0.055* [0.015, 0.095]
	0.025 [-0.027, 0.076]

	
	6.91x10-4
	0.0394
	0.0069
	0.3475

	Native T1
	-0.060* [-0.081, -0.038]
	-0.117* [-0.148, -0.087]
	-0.008 [-0.038, 0.023]
	0.210* [0.170, 0.249]

	
	5.91x10-8
	4.07x10-14
	0.6243
	1.17x10-25

	AoD
	-0.174* [-0.194, -0.153]
	-0.199* [-0.228, -0.169]
	-0.146* [-0.174, -0.119]
	0.076* [0.039, 0.113]

	
	2.38x10-62
	4.54x10-39
	2.39x10-25
	6.46x10-5



[bookmark: _Hlk115195867]Table 2 footnote. Results are standardised Beta coefficients, 95% confidence intervals, and p-values, representing standard deviation change in CMR metrics associated with hypertension (vs no hypertension). Models include adjustment for age, sex, ethnicity, deprivation, alcohol, body mass index, smoking, diabetes, high cholesterol. *significant p-value after multiple testing adjustment. CMR: cardiovascular magnetic resonance, i: indexed to body surface area, LAVi: maximum left atrial volume, LAEF: left atrial ejection fraction, LVEDVi: left ventricular end-diastolic volume, LVSVi: left ventricular stroke volume, LVMi: left ventricular mass, LVM/LVEDV: left ventricular mass to volume ratio, WT: wall thickness, LVEF: left ventricular ejection fraction, LVGFI: left ventricular global function index, GLS: Global Longitudinal Strain, AoD: aortic distensibility.

Table 3. Associations between CMR metrics treated hypertensives stratified into good and poor control, all compared with no hypertension.
	
	Effect of treated hypertension compared to no hypertension

	Metric
	Whole set 
(n= 6,423)
	Good control
 (n= 2,826)
	Poor control 
(n= 3,597)

	LAVi
	0.176* [0.139, 0.214]
	0.082* [0.033, 0.130]
	0.288* [0.240, 0.336]

	
	4.25x10-20
	0.0010
	1.57x10-31

	LAEF
	-0.155* [-0.192, -0.119]
	-0.198* [-0.245, -0.151]
	-0.137* [-0.184, -0.091]

	
	9.32x10-17
	1.38x10-16
	6.55x10-9

	LVEDVi
	0.084* [0.053, 0.115]
	0.013 [-0.028, 0.054]
	0.164* [0.124, 0.203]

	
	9.09x10-8
	0.5307
	3.82x10-16

	LVSVi
	0.108* [0.075, 0.141]
	-0.015 [-0.059, 0.029]
	0.230* [0.188, 0.272]

	
	1.33x10-10
	0.5080
	1.33x10-26

	LVMi
	0.210* [0.184, 0.237]
	0.028 [-0.006, 0.063]
	0.376* [0.342, 0.410]

	
	6.16x10-55
	0.1050
	1.81x10-105

	LVM/LVEDV
	0.162* [0.132, 0.191]
	0.022 [-0.017, 0.061]
	0.274* [0.236, 0.311]

	
	1.54x10-26
	0.2659
	1.45x10-45

	Maximal WT
	0.200* [0.173, 0.227]
	0.055* [0.021, 0.090]
	0.335* [0.300, 0.369]

	
	1.07x10-47
	0.0018
	1.73x10-80

	LVEF
	0.058* [0.026, 0.091]
	-0.034 [-0.078, 0.009]
	0.138* [0.096, 0.179]

	
	4.82x10-4
	0.1183
	7.69x10-11

	LV GFI
	-0.022 [-0.053, 0.010]
	-0.036 [-0.078, 0.006]
	-0.004 [-0.044, 0.036]

	
	0.1777
	0.0894
	0.8435

	GLS
	0.043* [0.006, 0.080]
	0.055* [0.007, 0.104]
	0.036 [-0.011, 0.084]

	
	0.0227
	0.0258
	0.1360

	Native T1
	-0.005 [-0.033, 0.024]
	0.036 [-0.003, 0.074]
	-0.023 [-0.059, 0.013]

	
	0.7444
	0.0702
	0.2038

	AoD
	-0.118* [-0.145, -0.091]
	0.097* [0.061, 0.133]
	-0.283* [-0.317, -0.249]

	
	1.46x10-17
	1.42x10-7
	2.72x10-59


Table 3 footnote:  Results are standardised Beta coefficients, 95% confidence intervals, and p-values, representing standard deviation change in CMR metrics associated with hypertension (vs no hypertension). “Good control” indicates SBP <140 mmHg for adults aged <80 years and SBP <150 mmHg for adults aged ≥80 years. “Poor control” indicates SBP above these thresholds. The reference group in all cases is no hypertension (n= 23,988). Models include adjustment for age, sex, ethnicity, deprivation, alcohol, body mass index, smoking, diabetes, high cholesterol. *significant p-value after multiple testing adjustment. CMR: cardiovascular magnetic resonance, i: indexed to body surface area, LAVi: maximum left atrial volume, LAEF: left atrial ejection fraction, LVEDVi: left ventricular end-diastolic volume, LVSVi: left ventricular stroke volume, LVMi: left ventricular mass, LVM/LVEDV: left ventricular mass to volume ratio, WT: wall thickness, LVEF: left ventricular ejection fraction, LVGFI: left ventricular global function index, GLS: Global Longitudinal Strain, AoD: aortic distensibility
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Figure 1. Associations of hypertension with CMR metrics in fully adjusted linear regression models
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Figure 1 footnote: Results are standardised beta coefficients representing standard deviation change in CMR metrics associated with diagnosed hypertension status in the whole sample in the first column. The second and third columns indicate the difference observed in treated hypertension groups as confirmed by primary care records, divided by good vs poor blood pressure control. For all models, the reference group is no hypertension. Models include adjustment for age, sex, ethnicity, deprivation, alcohol, body mass index, smoking, diabetes, high cholesterol. Darker coloured notches indicate significant p-values after multiple testing adjustment. CMR: cardiovascular magnetic resonance, i: indexed to body surface area, LAVi: maximum left atrial volume, LAEF: left atrial ejection fraction, LVEDVi: left ventricular end-diastolic volume, LVSVi: left ventricular stroke volume, LVMi: left ventricular mass, LVM/LVEDV: left ventricular mass to volume ratio, WT: wall thickness, LVEF: left ventricular ejection fraction, LVGFI: left ventricular global function index, GLS: Global Longitudinal Strain, AoD: aortic distensibility, SBP: systolic blood pressure.

Figure 2. Selected associations between hypertension and CMR metrics in fully adjusted models stratified by time since hypertension diagnosis
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Figure 2 footnote: Points are standardised beta coefficients representing SD change in CMR metrics associated with hypertension status in participants stratified by the period of time since hypertension diagnosis. The zero horizontal line represents average CMR in participants with no hypertension. Shaded areas represent the 95% confidence limits for each coefficient. Models include adjustment for age, sex, ethnicity, deprivation, alcohol, body mass index, smoking, diabetes, high cholesterol. CMR: cardiovascular magnetic resonance, i: indexed to body surface area, LAVi: maximum left atrial volume, LAEF: left atrial ejection fraction, LVEDVi: left ventricular end-diastolic volume, LVSVi: left ventricular stroke volume, LVMi: left ventricular mass, LVM/LVEDV: left ventricular mass to volume ratio, WT: wall thickness, LVEF: left ventricular ejection fraction, LVGFI: left ventricular global function index, GLS: Global Longitudinal Strain, AoD: aortic distensibility.

SUPPLEMENTAL MATERIALS



Supplementary Figure 1. Flow chart of participants included in the analysis

[image: ]

Supplementary Figure 1 footnote. AoD = aortic distensibility of the descending aorta, CMR= cardiovascular magnetic resonance, HTN= hypertension, GLS = Global Longitudinal Strain, LAVi = maximum left atrial volume indexed to body surface area, LAEF= left atrial ejection fraction, LVEDVi = left ventricular end-diastolic volume indexed to body surface area, LVSVi = left ventricular stroke volume indexed to body surface area, LVMi = left ventricular mass indexed to body surface area, LVM/LVEDV = left ventricular mass to volume ratio, WT= wall thickness, LVEF = left ventricular ejection fraction, LV GFI = left ventricular global function index, SBP= systolic blood pressure.

Supplementary Table 1. Ascertainment of clinical diagnosis labels for hypertension, diabetes, and high cholesterol using HES, GP, and UK Biobank fields

	Source
	UKB Field ID or ICD code
	Description

	Diabetes
	
	

	Self-report (20002)
	1220
	Diabetes

	
	1222
	Type 1 diabetes

	
	1223
	Type 2 diabetes

	Medications (6153, 6177)
	3
	Insulin

	Medications (20003)
	1140883066
	Insulin product

	ICD10
	E10
	Type 1 diabetes mellitus

	
	E11
	Type 2 diabetes mellitus

	
	E13
	Other specified diabetes mellitus

	
	E14
	Unspecified diabetes mellitus

	
	G590
	Diabetic mononeuropathy

	
	G632
	Diabetic polyneuropathy

	
	H280
	Diabetic cataract

	
	H360
	Diabetic retinopathy

	
	M142
	Diabetic arthropathy

	
	N083
	Glomerular disorders in diabetes mellitus

	
	O240
	Diabetes mellitus in pregnancy: Pre-existing type 1 diabetes mellitus

	
	O241
	Diabetes mellitus in pregnancy: Pre-existing type 2 diabetes mellitus

	
	O243
	Diabetes mellitus in pregnancy: Pre-existing diabetes mellitus, unspecified

	
	O244
	Diabetes mellitus arising in pregnancy

	
	O249
	Diabetes mellitus in pregnancy, unspecified

	
	Y423
	Insulin and oral hypoglycaemic [antidiabetic] drugs

	First occurrences
	130706
	Date E10 first reported (insulin-dependent diabetes mellitus)

	
	130708
	Date E11 first reported (non-insulin-dependent diabetes mellitus)

	
	130712
	Date E13 first reported (other specified diabetes mellitus)

	
	130714
	Date E14 first reported (unspecified diabetes mellitus)

	Diagnosed by doctor
	2443
	Diabetes diagnosed by doctor

	
	2976
	Age diabetes diagnosed by doctor

	High cholesterol
	
	

	Self-report (20002)
	1473
	High cholesterol

	Medications (6153, 6177)
	1
	Cholesterol lowering medication

	ICD10
	E780
	Pure hypercholesterolaemia

	
	E782
	Mixed hyperlipidaemia

	
	E783
	Hyperchylomicronaemia

	
	E784
	Other hyperlipidaemia

	
	E785
	Hyperlipidaemia, unspecified

	First occurrences
	130814
	Date E78 first reported (disorders of lipoprotein metabolism and other lipidaemias)

	Hypertension
	
	

	Self-report (20002)
	1065
	Hypertension

	
	1072
	Essential hypertension

	Medications (6153, 6177)
	2
	Blood pressure medication

	ICD10
	I10
	Essential (primary) hypertension

	First occurrences
	131286
	Date I10 first reported (essential (primary) hypertension)

	Diagnosed by doctor
	6150: 4
	High blood pressure

	
	2966
	Age high blood pressure diagnosed

	GP Clinical records 
(42040)
	ctv
	.14A2, .6627, .6628, .662d, .662F, .662O, .662P, .G3.., .G31., .G35., .G36., 14A2., 662d., 662F., 662O., 662P., 662P0, G200., G201., G203., G24.., G240., G24z., G24zz, G26.., G28.., Xa3fQ, Xa8HD, XaIyE, XaXOi, XaZbz, XaZWn, XE0Ub, XE0Uc, XE0Ud, XE0W8, XM1YA, XSDSb

	
	emis
	EMISHGT69, EMISNQST25, HNGZ016


Supplementary Table 1 footnote: ICD10 codes are drawn from fields 41270, 41280, 41234 and 41259; Where a 3-digit code is given, this includes all 4-digit sub-codes, for example, E10 includes E100, E101 and E102. GP: general practice; HES= Hospital Episode Statistics, ICD= international classification of disease.


Supplementary Table 2. List of antihypertensive medications included in defining “treated hypertension”
	Code type
	Code

	
BNF codes

(GP prescription records, 42039)
	02.02.01.00.00, 02.02.03.00.00, 02.02.04.00.00, 02.02.08.00.00, 02.03.02.02.00, 02.04.00.00.00, 02.05.04.00.00, 02.05.05.01.00, 02.05.05.02.00, 02.06.02.00.00, 0202010B0BEAAAC, 0202010D0AAAFAF, 0202010F0BBAAAA, 0202010L0AAABAB, 0202010L0AAACAC, 0202010P0AAAAAA, 0202010P0AAADAD, 0202030S0AAATAT, 0202030S0AAAUAU, 0202030S0AAAVAV, 0202040A0BBAAAA, 0202040C0BDAAAA, 0202040C0BDABAC, 0202040C0BIAAAB, 0202040H0BBAAAA, 0202040V0BBAAAA, 020400060AAAAAA, 020400060AAABAB, 020400060BBAAAA, 020400080AAABAB, 020400080AAACAC, 020400080AAAEAE, 020400080AAAFAF, 0204000C0AAABAB, 0204000E0AAAAAA, 0204000E0AAABAB, 0204000E0AAACAC, 0204000E0AAAGAG, 0204000E0BBACAC, 0204000E0BBAEAG, 0204000E0BBAFAB, 0204000H0AAAAAA, 0204000H0AAABAB, 0204000H0BBAAAA, 0204000H0BBABAB, 0204000H0BCAAAA, 0204000H0BCABAB, 0204000I0AAACAC, 0204000I0AAADAD, 0204000I0AAAEAE, 0204000K0AAABAB, 0204000K0AAACAC, 0204000K0AAADAD, 0204000N0AAABAB, 0204000N0AAACAC, 0204000R0AAAAAA, 0204000R0AAABAB, 0204000R0AAAHAH, 0204000R0AAAJAJ, 0204000R0AAAKAK, 0204000R0AAALAL, 0204000R0AAAYAY, 0204000R0BGAAAH, 0204000R0BGABAJ, 0204000R0BGACAK, 0204000R0BGAFAA, 0204000R0BGAGAB, 0204000R0BNABAA, 0204000U0BBAAAA, 0204000U0BCAAAA, 0205040D0AAAAAA, 0205040D0AAABAB, 0205040D0AAACAC, 0205040D0BBABAB, 0205040D0BBACAC, 0205040M0AAACAC, 0205040S0AAABAB, 0205040S0AAACAC, 0205040S0AAADAD, 0205040V0BBABAB, 0205051F0AAADAD, 0205051F0AAAEAE, 0205051F0AAAFAF, 0205051F0BCABAE, 0205051H0BBAAAA, 0205051I0AAAAAA, 0205051I0AAABAB, 0205051I0AAACAC, 0205051I0AAADAD, 0205051I0BBABAB, 0205051I0BBACAC, 0205051I0BBADAD, 0205051J0AAAAAA, 0205051J0AAABAB, 0205051J0BBAAAA, 0205051J0BBABAB, 0205051K0BCAAAA, 0205051K0BCABAB, 0205051L0AAAAAA, 0205051L0AAABAB, 0205051L0AAACAC, 0205051L0AAADAD, 0205051L0BBABAB, 0205051L0BBACAC, 0205051L0BBADAD, 0205051L0BCABAB, 0205051L0BCACAC, 0205051M0AAAAAA, 0205051M0AAABAB, 0205051Q0AAAAAA, 0205051Q0AAABAB, 0205051Q0AAACAC, 0205051Q0AAADAD, 0205051R0AAAAAA, 0205051R0AAABAB, 0205051R0AAACAC, 0205051U0AAAAAA, 0205051U0AAABAB, 0205051U0AAACAC, 0205051U0BBAAAA, 0205052C0AAAAAA, 0205052C0AAABAB, 0205052C0AAACAC, 0205052C0AAADAD, 0205052C0BBABAB, 0205052I0AAAAAA, 0205052I0AAABAB, 0205052I0AAACAC, 0205052I0BBAAAA, 0205052I0BBABAB, 0205052N0AAAAAA, 0205052N0AAABAB, 0205052N0BBABAB, 0205052P0BBAAAA, 0205052V0AAAAAA, 0205052V0AAABAB, 0205052V0AAACAC, 0205052V0BBAAAA, 0205052V0BBABAB, 0205052V0BBACAC, 0206020A0AAAAAA, 0206020A0AAABAB, 0206020A0BBAAAA, 0206020A0BBABAB, 0206020C0AAAAAA, 0206020C0AAACAC, 0206020C0AAAEAE, 0206020C0AAAJAJ, 0206020C0AAASAS, 0206020C0AAATAT, 0206020C0AAAUAU, 0206020C0AAAVAV, 0206020C0AAAXAX, 0206020C0AAAYAY, 0206020C0BBAAAA, 0206020C0BBABAC, 0206020C0BBACAS, 0206020C0BBADAE, 0206020C0BBAEAX, 0206020C0BFAFAE, 0206020C0BFAGAU, 0206020C0BFAHAV, 0206020C0BFAIAW, 0206020C0BHAAAJ, 0206020C0BHABAT, 0206020C0BHADAU, 0206020C0BHAEAV, 0206020C0BHAFAW, 0206020C0BIAAAU, 0206020C0BIABAV, 0206020C0BIACAW, 0206020C0BJAAAT, 0206020C0BJABAU, 0206020F0AAABAB, 0206020F0AAACAC, 0206020F0AAADAD, 0206020K0AAAAAA, 0206020K0AAABAB, 0206020K0BBAAAA, 0206020K0BBABAB, 0206020L0AAAAAA, 0206020L0BBAAAA, 0206020Q0AAACAC, 0206020R0AAAAAA, 0206020R0AAABAB, 0206020R0AAAEAE, 0206020R0AAAHAH, 0206020R0AAANAN, 0206020R0AAAPAP, 0206020R0AAARAR, 0206020R0AAAXAX, 0206020R0BBAAAA, 0206020R0BBABAB, 0206020R0BBAFAR, 0206020R0BBAGAE, 0206020R0BBAHAN, 0206020R0BBAIAP, 0206020R0BGAAAH, 0206020R0BGABAM, 0206020R0BRAAAR, 0206020R0BRABAE, 0206020T0AAACAC, 0206020T0AAADAD, 0206020T0AAAFAF, 0206020T0AAAGAG, 0206020T0AAAHAH, 0206020T0AAAIAI, 0206020T0AAAJAJ, 0206020T0AAAKAK, 0206020T0AAAUAU, 0206020T0BDAAAC, 0206020T0BDAEAH, 0206020T0BDAGAU, 04.07.04.02.00, 04.09.03.00.00, 06.02.02.00.00, 07.04.01.01.00, 0704010M0AAAAAA, 0704010M0BBAAAA, 0704010T0AAAAAA, 0704010T0AAABAB, 0704010T0AAACAC, 0704010T0AAADAD, 0704010T0AAAEAE, 0704010T0BBACAC, 0704010T0BBAEAE, 1.1922853254726199E-288, 1.5641417457509001E-291, 1.82173938119823E-295, 1.8304310759580301E-295, 1.99219498092525E-296, 1.9949111355376799E-296, 10704, 2.2625790598526402E-308, 2.3368617505322202E-305, 2.6462641299971701E-304, 2.6540533138508801E-302, 20201, 20203, 20208, 204, 20504, 2050501, 2050502, 20602, 3.14246421774018E-301, 3.6091549775929602E-308, 3.7271159993844801E-296, 3.7967653921777399E-298, 3.80100938375967E-298, 4.0433755138831602E-303, 4.4258369088462901E-302, 4.5287059189769701E-304, 4.7988418242186503E-307, 4.8081455351338203E-296, 5.22643526561921E-308, 50.00.00.00.00, 6.24984284441478E-308, 7.4233992089281596E-292, 8.7794961788472397E-293, 8.7906215481397701E-293, 9.4465019797994697E-299, None

	Read2 or ctv codes 

(GP clinical or prescription records, 42039 or 42040)
	.8B26, .8B6Q, .8B6T, .8BL0, 7Q01., 7Q01z, 8B26., 8B6E., 8B6F2, 8B6F3, 8B6G., 8B6H., 8B6Q., 8B6R., 8B6T., 8BG4., 8BGA., 8BL0., 8BMa1, b21.., b211., b211.00, b212., b212.00, b213., b213.00, b214., b214.00, b215., b216., b217., b218., b219., b21b., b22.., b221., b221.00, b22y., b22z., b22z.00, b231., b231.00, b232., b23z., b25.., b251., b251.00, b25z., b26.., b261., b262., b263., b264., b26y., b26z., b27.., b27z., b28.., b285., b285.00, b28z., b28z.00, b2a.., b2az., b2b.., b2b..00, b2b1., b2b2., b2b3., b2bz., b2bz.00, b2c.., b2c1., b2cz., b414., b43.., b431., b431.00, b432., b432.00, b433., b433.00, b434., b434.00, b435., b436., b43a., b43A., b43b., b43c., b43d., b43e., b43f., b43g., b43h., b43j., b43k., b43l., b43m., b43m.00, b43n., b43z., b43z.00, b511., b512., b513., b514., b514.00, b515., b518., b51a., b51a.00, b51A.00, b51b., b51b.00, b51c., b51C.00, b51E., b51f., b51F., b51G., b51J., b51j.00, b51J.00, b51K., b51k.00, b51p.00, b51r., b51r.00, b51s., b51v., b51w., b913., b913.00, b915., b916., b919., b919.00, b91a., b91a.00, b91c., b91e., b91h., b91h.00, bA…, bA1.., bA11., bA12., bA1y., bA1z., bA1z.00, bb3.., bb31., bb31.00, bb32., bb32.00, bb33., bb33.00, bb34., bb35., bb36., bb37., bb38., bb39., bb3a., bb3A., bb3A.00, bb3b., bb3B., bb3B.00, bb3C., bb3C.00, bb3d., bb3D., bb3e., bb3f., bb3F., bb3g., bb3g.00, bb3h., bb3i., bb3j., bb3j.00, bb3k., bb3k.00, bb3M., bb3M.00, bb3p., bb3q., bb3r., bb3v., bb3v.00, bb3w., bb3w.00, bb3y., bb3y.00, bb3z., bb3z.00, bd…, bd1.., bd11., bd11.00, bd12., bd12.00, bd13., bd13.00, bd14., bd14.00, bd15., bd16., bd17., bd18., bd19., bd1a., bd1A., bd1b., bd1B., bd1c., bd1C., bd1D., bd1E., bd1F., bd1G., bd1h., bd1i., bd1I., bd1j., bd1J., bd1k., bd1K., bd1l., bd1L., bd1l.00, bd1L.00, bd1m., bd1m.00, bd1n., bd1n.00, bd1o., bd1o.00, bd1p., bd1P., bd1p.00, bd1Q., bd1r., bd1R., bd1r.00, bd1S., bd1t., bd1T., bd1u., bd1U., bd1v., bd1V., bd1w., bd1W., bd1W.00, bd1x., bd1X., bd1x.00, bd1y., bd1Y., bd1y.00, bd2.., bd21., bd22., bd23., bd2w., bd2w.00, bd2x., bd2x.00, bd2y., bd3.., bd31., bd31.00, bd32., bd34., bd34.00, bd35., bd35.00, bd36., bd36.00, bd37., bd38., bd38.00, bd39., bd3c., bd3c.00, bd3d., bd3e., bd3j., bd3j.00, bd3x., bd3x.00, bd5.., bd51., bd51.00, bd52., bd52.00, bd53., bd5t., bd5u., bd5v., bd5w., bd5x., bd5y., bd6.., bd6w., bd6w.00, bd6x., bd6x.00, bd6z., bd6z.00, bd8.., bd81., bd82., bd82.00, bd83., bd84., bd84.00, bd8u., bd8u.00, bd9.., bdd.., bdd1., bdd2., bddz., bde1., bde2., bde3., bde4., bde5., bde6., bde7., bde7.00, bde9., bdea., bdeA., bdeA.00, bdeb., bdeB., bdec., bdeC., bdeD., bdeE., bdeF., bdej., bdej.00, bdek., bdeK., bdeK.00, bdeL., bdeL.00, bdem., bdeM., bdem.00, bden.00, bdeo., bdep., bdeP., bdeP.00, bdeq., bder., bdes., bdes.00, bdet., bdet.00, bdeu.00, bdev., bdev.00, bdew., bdex., bdey., bdey.00, bdez., bdez.00, bdf.., bdf1., bdf1.00, bdf2., bdf2.00, bdf3., bdf3.00, bdf4., bdf4.00, bdf5., bdf5.00, bdf6., bdf8., bdf9., bdf9.00, bdfA., bdfA.00, bdfB., bdfC., bdfC.00, bdfD., bdfE., bdfE.00, bdfw., bdfw.00, bdfx., bdfx.00, bdfy., bdfy.00, bdfz., bdfz.00, bdh.., bdh1., bdh2., bdi.., bdi1., bdj.., bdj1., bdj1.00, bdj2., bdj3., bdj3.00, bdj4., bdj4.00, bdj5., bdj5.00, bdl.., bdl3., bdl3.00, bdl4., bdl4.00, bdl5., bdl5.00, bdl6., bdl6.00, bdm.., bdm..00, bdm1., bdm1.00, bdmy., bdmy.00, bdmz., bdmz.00, bdn.., bdn6., be…, bf…, bf3c., bh1.., bh11., bh12., bh13., bh13.00, bh14., bh14.00, bh1y., bh1y.00, bh1z., bh2.., bh21., bh22., bh2y., bh2y.00, bh2z., bh4.., bh41., bh41.00, bh42., bh42.00, bh43., bh44., bh45., bh46., bh47., bh48., bh49., bh4v., bh4v.00, bh4w., bh4w.00, bh4x., bh4x.00, bh4y., bh4y.00, bh4z., bh4z.00, bh5.., bh51., bh51.00, bh52., bh52.00, bh53., bh53.00, bh54., bh54.00, bh55., bh55.00, bh56., bh56.00, bh57., bh5x., bh5y., bh5z., bh5z.00, bh6.., bh61., bh61.00, bh62., bh62.00, bh63., bh63.00, bh64., bh64.00, bh65., bh65.00, bh66., bh66.00, bh67., bh67.00, bh68., bh68.00, bh6y., bh6y.00, bh6z., bh6z.00, bi…, bi1.., bi11., bi12., bi13., bi14., bi15., bi16., bi16.00, bi17., bi18., bi18.00, bi19., bi19.00, bi1a., bi1A., bi1a.00, bi1B., bi1C., bi1G.00, bi1I., bi1K., bi1p., bi1q., bi1r., bi1v., bi1v.00, bi1w., bi1x., bi1x.00, bi1y., bi1z., bi1z.00, bi2.., bi21., bi21.00, bi22., bi22.00, bi23., bi23.00, bi24., bi24.00, bi25., bi25.00, bi26., bi27., bi27.00, bi28., bi28.00, bi29., bi2a., bi2A., bi2a.00, bi2b., bi2B., bi2b.00, bi2C., bi2D., bi2E., bi2F., bi2G., bi2H., bi2t., bi2t.00, bi2u., bi2u.00, bi2v., bi2v.00, bi2w., bi2w.00, bi2x., bi2x.00, bi2y., bi2y.00, bi2z., bi2z.00, bi3.., bi31., bi31.00, bi32., bi32.00, bi33., bi33.00, bi34., bi34.00, bi35., bi36., bi37., bi38., bi39., bi3a., bi3b., bi3c., bi3d., bi3e., bi3f., bi3g., bi3h., bi3i., bi3j., bi3k., bi3l., bi3p., bi3p.00, bi3q., bi3r., bi3t., bi3t.00, bi3y., bi4.., bi41., bi41.00, bi42., bi42.00, bi43., bi43.00, bi47., bi48., bi48.00, bi4A., bi4A.00, bi4F., bi5.., bi51., bi51.00, bi52., bi52.00, bi53., bi53.00, bi54., bi54.00, bi55., bi55.00, bi56., bi56.00, bi57., bi57.00, bi58., bi58.00, bi6.., bi6..00, bi61., bi61.00, bi62., bi62.00, bi63., bi63.00, bi67., bi67.00, bi69., bi69.00, bi6B., bi6B.00, bi6C., bi6C.00, bi6D., bi6D.00, bi6E., bi6E.00, bi6F., bi6F.00, bi6G., bi7.., bi71., bi71.00, bi72., bi72.00, bi73., bi73.00, bi74., bi74.00, bi8.., bi81., bi81.00, bi82., bi83., bi84., bi85., bi86., bi87., bi88., bi89., bi8a., bi8a.00, bi9.., bi91., bi91.00, bi92., bi92.00, bi93., bi93.00, bi94., bi95., bi95.00, bi96., bi96.00, bi97., bi98., bi99., bi9A., bi9z., bi9z.00, biA.., biA1., biA2., biA3., biA4., biB.., biB1., biB2., biB3., biBx., biBx.00, biBy., biBz., biBz.00, biC.., biC1., biC2., biC2.00, biC3., biC4., biC4.00, biC5., biC6., biC6.00, biC7., biC7.00, biC8., biC8.00, bk…, bk2.., bk3.., bk31., bk31.00, bk32., bk32.00, bk33., bk33.00, bk34., bk34.00, bk35., bk35.00, bk36., bk36.00, bk37., bk37.00, bk38., bk38.00, bk39., bk39.00, bk3A., bk3B., bk3C., bk3C.00, bk3D., bk3E., bk3y., bk3y.00, bk3z., bk3z.00, bk4.., bk41., bk41.00, bk42., bk42.00, bk43., bk43.00, bk44., bk44.00, bk45., bk45.00, bk46., bk46.00, bk47., bk47.00, bk48., bk48.00, bk49., bk49.00, bk4A., bk4B., bk4C., bk4s., bk4s.00, bk4t., bk4t.00, bk4u., bk4v., bk4v.00, bk4w., bk4w.00, bk4x., bk4x.00, bk4y., bk4y.00, bk4z., bk4z.00, bk5.., bk51., bk51.00, bk52., bk52.00, bk53., bk53.00, bk54., bk54.00, bk55., bk55.00, bk56., bk56.00, bk57., bk57.00, bk58., bk58.00, bk59., bk59.00, bk5x., bk5y., bk5y.00, bk5z., bk5z.00, bk6.., bk61., bk61.00, bk7.., bk71., bk71.00, bk72., bk72.00, bk73., bk73.00, bk74., bk74.00, bk75., bk75.00, bk76., bk76.00, bk77., bk77.00, bk78., bk78.00, bk79., bk79.00, bk7z., bk7z.00, bk8.., bk81., bk81.00, bk82., bk82.00, bk86., bk86.00, bk87., bk88., bk8w., bk8x., bk8x.00, bk8y., bk8y.00, bk8z., bk8z.00, bk9.., bk91., bk91.00, bk92., bk93., bk9x., bk9x.00, bk9y., bk9y.00, bk9z., bk9z.00, bkB.., bkB1., bkB1.00, bkB2., bkB2.00, bkB3., bkB3.00, bkB4., bkB4.00, bkB5., bkB5.00, bkB6., bkC.., bkC1., bkC2., bkC2.00, bkC3., bkCx., bkCx.00, bkCy., bkCy.00, bkCz., bkCz.00, bkD.., bkD1., bkD1.00, bkD2., bkD2.00, bkD3., bkD3.00, bkH.., bkHx., bkHy., bkHy.00, bkHz., bkHz.00, bkI.., bl5.., bl51., bl51.00, bl53., bl55., bl55.00, bl56., bl57., bl58., bl58.00, bl59., bl59.00, bl5a., bl5A., bl5a.00, bl5A.00, bl5b., bl5b.00, bl5c., bl5c.00, bl5d., bl5d.00, bl5e., bl5E., bl5e.00, bl5E.00, bl5f., bl5F., bl5f.00, bl5F.00, bl5g., bl5G., bl5g.00, bl5G.00, bl5h., bl5H., bl5h.00, bl5H.00, bl5i., bl5I., bl5I.00, bl5j., bl5J., bl5J.00, bl5k., bl5K., bl5K.00, bl5L., bl5L.00, bl5m., bl5M., bl5M.00, bl5n., bl5N., bl5N.00, bl5O., bl5O.00, bl5P., bl5P.00, bl5Q., bl5Q.00, bl5R., bl5R.00, bl5s., bl5S., bl5s.00, bl5S.00, bl5U., bl5U.00, bl5x., bl5x.00, bl5y., bl5y.00, bl5z., bl5Z., bl5z.00, bl5Z.00, bl7.., bl71., bl71.00, bl72., bl72.00, bl73., bl73.00, bl74., bl7w., bl7w.00, bl7x., bl7x.00, bl7y., bl7y.00, bl7z., bl7z.00, bl8.., bl8..00, bl81., bl81.00, bl82., bl82.00, bl83., bl83.00, bl84., bl84.00, bl85., bl85.00, bl86., bl86.00, bl8A., bl8A.00, bl8b., bl8B., bl8B.00, bl8e., bl8e.00, bl8f., bl8F., bl8F.00, bl8g., bl8G., bl8h., bl8i., bl8i.00, bl8j., bl8j.00, bl8k., bl8k.00, bl8m., bl8M., bl8M.00, bl8P., bl8Q., bl8R., bl8u., bl8u.00, bl8v., bl8V., bl8v.00, bl8V.00, bl8w., bl8W., bl8w.00, bl8W.00, bl8x., bl8X., bl8x.00, bl8X.00, bl8y., bl8Y., bl8y.00, bl8Y.00, bl8z., bl8z.00, bla.., bla1., bla1.00, bla2., blb.., blb1., blb1.00, blb2., blb2.00, blb3., blb3.00, blb4., blb4.00, blb7., blb8., blc.., blc1., blc1.00, blc2., blc2.00, blc5., blc5.00, blci., blci.00, blcj., blcj.00, ble.., ble1., ble1.00, ble2., ble2.00, ble3., ble3.00, ble4., ble4.00, blh.., blh1., blh1.00, blh2., blh2.00, blh3., blh3.00, blh4., blj.., blj1., blj1.00, blj2., blj3., blja., blja.00, bljJ., bljJ.00, bljP., bljP.00, bljY., bljY.00, bljZ., bll.., bll3., bll4., bllc., bllc.00, blld., blld.00, gc41., gc5.., gc51., gc51.00, gc52., gc53., gc54., gc55., gc5z., gc5z.00, k85.., x0004, x000z, x0010, x001j, x0044, x007H, x007i, x007v, x007w, x008F, x008y, x009B, x00A3, x00B5, x00B6, x00Bb, x00BL, x00Bu, x00Du, x00Te, x00Tl, x00Tm, x01C1, x01C2, x01C4, x01C6, x01C7, x01CA, x01CB, x01CD, x01CE, x01CF, x01CJ, x01CK, x01CN, x01CO, x01CP, x01CR, x01CS, x01CT, x01CU, x01CV, x01CW, x01Qe, x01Qf, x01Qg, x01QU, x01QV, x01QW, x01QX, x02ao, x02aQ, x02at, x02bC, x02bD, x02eC, x02eO, x02eP, x02fa, x02fB, x02fC, x02fG, x02fH, x02fI, x02fl, x02fm, x02fW, x02fX, x02fY, x02fz, x02fZ, x02g6, x02g7, x02im, x02jh, x02ji, x02jj, x02jn, x02jv, x02ke, x02kf, x02kk, x02kW, x02kX, x02lk, x02o9, x02oA, x02oB, x02oV, x02oW, x02Qa, x02Qc, x02Qd, x02Qe, x02qg, x02Qg, x02qh, x02Qh, x02QH, x02Qi, x02QI, x02Qj, x02QJ, x02Qk, x02QK, x02QL, x02QM, x02QO, x02qQ, x02QS, x02QW, x02QY, x02QZ, x02rM, x02rO, x02rP, x02rQ, x02rR, x02rU, x02Sc, x02Sd, x02sK, x02sL, x02Sn, x02So, x02sP, x02sQ, x02T4, x02T5, x02t6, x02tB, x02Tb, x02tC, x02Tc, x02TQ, x02Ty, x02u7, x02UA, x02UD, x02Ug, x02um, x02uP, x02Uy, x02Vc, x02Vm, x02VN, x02VO, x02VQ, x02VR, x02VT, x02VV, x02Wf, x02Wj, x02Wk, x02Wn, x02Wo, x02Wp, x02Wq, x02X3, x02Xf, x02Xg, x02Y2, x02Y4, x02YD, x02YE, x02Yx, x02Za, x03ce, x03df, x03e5, x03h1, x03iy, x03j2, x03jn, x03jo, x03ls, x03lt, x03n3, x03pa, x03qe, x03qf, x03qX, x03vs, x03vt, x03wm, x03xa, x03yR, x03zU, x0411, x0412, x046e, x046f, x047a, x047f, x047g, x047h, x047r, x047s, x047Y, x047Z, x048y, x048z, x049y, x04bN, x04bO, x04bR, x04c7, x04qm, x04qn, x04t2, x04t3, x04t4, x04t8, x04t9, x04tA, x04tB, x04vd, x04vg, x04xj, x04y0, x04yc, x04yd, x051w, x051x, x056B, x056P, x05DC, x05df, x05dg, x05Dq, x05F5, x05hA, x05j2, x05mo, x05rz, x05u2, x05wO, x060W, XaBLq, XaJ5h, XaM5f, XaM5p, [emis] EMISQPR5

	
Self-reported medications

(UKB Field 20003)

	1140860334, 1140860336, 1140860338, 1140860340, 1140860342, 1140860348, 1140860352, 1140860356, 1140860358, 1140860380, 1140860382, 1140860386, 1140860390, 1140860394, 1140860396, 1140860398, 1140860402, 1140860404, 1140860406, 1140860410, 1140860418, 1140860422, 1140860426, 1140860434, 1140860492, 1140860498, 1140860562, 1140860564, 1140860580, 1140860590, 1140860610, 1140860654, 1140860658, 1140860690, 1140860696, 1140860706, 1140860714, 1140860728, 1140860736, 1140860738, 1140860750, 1140860752, 1140860758, 1140860764, 1140860776, 1140860784, 1140860790, 1140860802, 1140860806, 1140860878, 1140860882, 1140860892, 1140860904, 1140860912, 1140860918, 1140861088, 1140861090, 1140861106, 1140861110, 1140861114, 1140861120, 1140861128, 1140861130, 1140861136, 1140861138, 1140861166, 1140861176, 1140861190, 1140861194, 1140861202, 1140861276, 1140861282, 1140864950, 1140864952, 1140866072, 1140866078, 1140866090, 1140866092, 1140866094, 1140866096, 1140866102, 1140866104, 1140866122, 1140866128, 1140866132, 1140866136, 1140866138, 1140866140, 1140866144, 1140866146, 1140866156, 1140866158, 1140866162, 1140866164, 1140866168, 1140866226, 1140866232, 1140866236, 1140866244, 1140866262, 1140866306, 1140866308, 1140866312, 1140866318, 1140866324, 1140866328, 1140866330, 1140866340, 1140866352, 1140866354, 1140866360, 1140866396, 1140866400, 1140866402, 1140866404, 1140866410, 1140866416, 1140866420, 1140866440, 1140866446, 1140866450, 1140866460, 1140866466, 1140866484, 1140866546, 1140866554, 1140866692, 1140866704, 1140866712, 1140866724, 1140866726, 1140866738, 1140866756, 1140866758, 1140866764, 1140866766, 1140866778, 1140866782, 1140866784, 1140866798, 1140866800, 1140866802, 1140866804, 1140879760, 1140879762, 1140879778, 1140879782, 1140879786, 1140879794, 1140879798, 1140879802, 1140879806, 1140879810, 1140879818, 1140879824, 1140879830, 1140879834, 1140879842, 1140879866, 1140888510, 1140888552, 1140888556, 1140888560, 1140888578, 1140888646, 1140909368, 1140911698, 1140916356, 1140916362, 1140917428, 1140923572, 1140923712, 1140923718, 1140926778, 1140926780, 1141145658, 1141145660, 1141145668, 1141151016, 1141151018, 1141151382, 1141152600, 1141152998, 1141153006, 1141153026, 1141153032, 1141153328, 1141156754, 1141156808, 1141156836, 1141156846, 1141164148, 1141164154, 1141164276, 1141164280, 1141165470, 1141165476, 1141166006, 1141167822, 1141167832, 1141171152, 1141171336, 1141171344, 1141172682, 1141172686, 1141180592, 1141180598, 1141187788, 1141187790, 1141190160, 1141193282, 1141193346, 1141194794, 1141194800, 1141194804, 1141194808, 1141194810, 1141201038, 1141201040


Supplementary Table 3. Summary of CMR metrics by hypertension status
	
	Whole sample
	Diagnosed Hypertension
	No Hypertension
	Overall N for
 each metric

	LAVi
	38.1 [31.5, 45.5]
	38.8 [31.7, 46.8]
	37.7 [31.3, 44.7]
	23,987

	LAEF
	61.3 (±9.1)
	60.1 (±10.3)
	62.0 (±8.1)
	23,987

	LVEDVi
	79.3 (±14.1)
	79.3 (±14.7)
	79.3 (±13.6)
	29,114

	LVSVi
	46.9 (±8.4)
	46.8 (±8.6)
	47.0 (±8.3)
	29,114

	LVMi
	46.0 (±8.7)
	48.0 (±9.1)
	44.8 (±8.3)
	29,114

	LVM/LVEDV
	0.57 [0.52, 0.64]
	0.60 [0.55, 0.67]
	0.56 [0.51, 0.61]
	29,114

	Maximal WT
	7.1 (±1.1)
	7.4 (±1.1)
	6.9 (±1.0)
	24,217

	LVEF
	59.5 (±6.1)
	59.4 (±6.6)
	59.5 (±5.7)
	29,114

	LV GFI
	0.48 (±0.07)
	0.47 (±0.07)
	0.48 (±0.07)
	29,114

	GLS
	-18.5 (±2.7)
	-18.3 (±2.9)
	-18.5 (±2.6)
	23,483

	Native T1
	931.8 (±35.7)
	928.4 (±35.3)
	934.0 (±35.8)
	37,460

	AoD
	2.15 [1.53, 2.98]
	1.89 [1.37, 2.57]
	2.34 [1.66, 3.21]
	34,500



Supplementary Table 3 footnote. CMR= cardiovascular magnetic resonance, LAVi = maximum left atrial volume indexed to body surface area, LAEF= left atrial ejection fraction, LVEDVi = left ventricular end-diastolic volume indexed to body surface area, LVSVi = left ventricular stroke volume indexed to body surface area, LVMi = left ventricular mass indexed to body surface area, LVM/LVEDV = left ventricular mass to volume ratio, WT= wall thickness, LVEF = left ventricular ejection fraction, LV GFI = left ventricular global function index, AoD = aortic distensibility of the descending aorta. 


Supplementary Table 4. Associations of systolic blood pressure with CMR metrics in linear regression models

	Metric
	Crude association in whole sample
	Fully adjusted in whole sample
	Fully adjusted in women (n= 20,138)
	Fully adjusted in 
men (n= 18,957)

	LAVi
	0.036* [0.029, 0.043]
	0.045* [0.037, 0.052]
	0.057* [0.047, 0.066]
	0.033* [0.021, 0.045]

	
	5.87x10-24
	9.80x10-31
	8.47x10-31
	1.00x10-7

	LAEF
	-0.011* [-0.018, -0.004]
	0.027* [0.019, 0.034]
	0.005 [-0.005, 0.014]
	0.051* [0.039, 0.063]

	
	0.0025
	5.09x10-12
	0.3536
	2.00x10-17

	LVEDVi
	0.032* [0.026, 0.038]
	0.040* [0.034, 0.047]
	0.042* [0.035, 0.049]
	0.039* [0.028, 0.049]

	
	3.76x10-23
	8.04x10-38
	8.80x10-31
	2.60x10-13

	LVSVi
	0.038* [0.031, 0.044]
	0.062* [0.056, 0.069]
	0.054* [0.046, 0.062]
	0.071* [0.061, 0.082]

	
	9.41x10-32
	1.03x10-77
	6.28x10-41
	2.31x10-39

	LVMi
	0.176* [0.170, 0.182]
	0.134* [0.129, 0.139]
	0.122* [0.116, 0.128]
	0.147* [0.138, 0.156]

	
	< 1.00x10-250
	< 1.00x10-250
	< 1.00x10-250
	2.24x10-228

	LVM/LVEDV
	0.181* [0.175, 0.187]
	0.116* [0.110, 0.122]
	0.109* [0.102, 0.116]
	0.123* [0.113, 0.132]

	
	< 1.00x10-250
	1.91x10-320
	5.98x10-192
	5.01x10-136

	Maximal WT
	0.218* [0.212, 0.225]
	0.128* [0.123, 0.134]
	0.121* [0.115, 0.128]
	0.134* [0.126, 0.143]

	
	< 1.00x10-250
	< 1.00x10-250
	2.96x10-286
	2.35x10-191

	LVEF
	0.017* [0.011, 0.024]
	0.043* [0.036, 0.049]
	0.028* [0.020, 0.037]
	0.059* [0.049, 0.069]

	
	5.84x10-8
	3.05x10-37
	6.35x10-11
	2.36x10-29

	LV GFI
	-0.070* [-0.076, -0.064]
	-0.018* [-0.025, -0.012]
	-0.029* [-0.038, -0.021]
	-0.004 [-0.013, 0.005]

	
	1.63x10-106
	6.79x10-9
	1.17x10-11
	0.3717

	GLS
	0.019* [0.012, 0.026]
	0.003 [-0.004, 0.011]
	0.007 [-0.003, 0.017]
	-0.001 [-0.012, 0.010]

	
	1.50x10-7
	0.3939
	0.1938
	0.8442

	Native T1
	-0.080* [-0.085, -0.074]
	-0.051* [-0.056, -0.045]
	-0.058* [-0.065, -0.050]
	-0.033* [-0.041, -0.025]

	
	5.19x10-184
	5.47x10-73
	2.93x10-51
	6.86x10-16

	AoD
	-0.225* [-0.231, -0.220]
	-0.163* [-0.168, -0.158]
	-0.170* [-0.177, -0.163]
	-0.151* [-0.158, -0.144]

	
	< 1.00x10-250
	< 1.00x10-250
	< 1.00x10-250
	< 1.00x10-250



Supplementary Table 4 footnote. Results are standardised beta coefficients and 95% CIs with corresponding p-values, representing SD change in CMR metrics associated with every 10mmHg increase in systolic BP. Fully adjusted models include adjustment for age, sex, ethnicity, Townsend deprivation index, alcohol, BMI, smoking, diabetes, high cholesterol. An * indicates p-values that were significant after adjustment for multiple testing with a false discovery rate of 5%. BP= blood pressure, CI= confidence interval, CMR= cardiovascular magnetic resonance, LAVi = maximum left atrial volume indexed to body surface area, LAEF= left atrial ejection fraction, LVEDVi = left ventricular end-diastolic volume indexed to body surface area, LVSVi = left ventricular stroke volume indexed to body surface area, LVMi = left ventricular mass indexed to body surface area, LVM/LVEDV = left ventricular mass to volume ratio, WT= wall thickness, LVEF = left ventricular ejection fraction, LV GFI = left ventricular global function index, GLS = Global Longitudinal Strain, AoD = aortic distensibility of the descending aorta. P-values that were below the reporting threshold provided by R are shown as <1.00x10-250.


Supplementary Table 5. Associations between hypertension and CMR metrics in fully adjusted models stratified by time since hypertension diagnosis
	Metric
	Five years or less
	Six to 10 years
	Eleven to 20 years
	More than 20 years

	
	(n= 2,642)
	(n= 2,653)
	(n= 5,849)
	(n= 3,963)

	LAVi
	0.128* [0.076, 0.181]
	0.125* [0.075, 0.175]
	0.151* [0.111, 0.190]
	0.231* [0.184, 0.278]

	
	1.59x10-6
	8.51x10-7
	5.68x10-14
	6.31x10-22

	LAEF
	-0.168* [-0.220, -0.116]
	-0.075* [-0.125, -0.026]
	-0.081* [-0.120, -0.042]
	-0.171* [-0.218, -0.125]

	
	2.05x10-10
	0.0027
	4.40x10-5
	6.48x10-13

	LVEDVi
	0.115* [0.072, 0.157]
	0.096* [0.054, 0.138]
	0.090* [0.057, 0.122]
	0.111* [0.073, 0.150]

	
	1.56x10-7
	6.49x10-6
	5.21x10-8
	1.27x10-8

	LVSVi
	0.118* [0.073, 0.163]
	0.097* [0.053, 0.142]
	0.107* [0.072, 0.141]
	0.131* [0.091, 0.172]

	
	3.14x10-7
	1.58x10-5
	9.55x10-10
	2.23x10-10

	LVMi
	0.251* [0.214, 0.288]
	0.229* [0.193, 0.265]
	0.244* [0.216, 0.272]
	0.314* [0.281, 0.347]

	
	2.79x10-40
	2.68x10-35
	1.64x10-65
	9.04x10-77

	LVM/LVEDV
	0.171* [0.129, 0.212]
	0.164* [0.123, 0.205]
	0.198* [0.166, 0.229]
	0.260* [0.222, 0.297]

	
	8.74x10-16
	2.86x10-15
	6.33x10-35
	2.22x10-42

	Maximal WT
	0.210* [0.172, 0.248]
	0.195* [0.158, 0.231]
	0.238* [0.210, 0.267]
	0.312* [0.277, 0.346]

	
	2.73x10-27
	1.01x10-25
	1.00x10-59
	2.45x10-70

	LVEF
	0.017 [-0.029, 0.063]
	0.021 [-0.023, 0.066]
	0.048* [0.014, 0.083]
	0.054* [0.013, 0.095]

	
	0.4701
	0.3469
	0.0060
	0.0092

	LV GFI
	-0.058* [-0.102, -0.015]
	-0.055* [-0.098, -0.013]
	-0.049* [-0.081, -0.016]
	-0.071* [-0.110, -0.033]

	
	0.0079
	0.0098
	0.0032
	3.03x10-4

	GLS
	0.060* [0.009, 0.112]
	0.062* [0.013, 0.110]
	0.018 [-0.021, 0.056]
	0.079* [0.033, 0.125]

	
	0.0210
	0.0136
	0.3705
	8.32x10-4

	Native T1
	-0.072* [-0.111, -0.033]
	-0.051* [-0.090, -0.012]
	-0.049* [-0.078, -0.020]
	-0.072* [-0.107, -0.038]

	
	2.63x10-4
	0.0098
	8.65x10-4
	3.39x10-5

	AoD
	-0.159* [-0.196, -0.122]
	-0.176* [-0.213, -0.140]
	-0.171* [-0.199, -0.144]
	-0.187* [-0.219, -0.155]

	
	2.62x10-17
	5.90x10-21
	2.66x10-34
	1.06x10-29


Supplementary Table 5 footnote. Results are standardised Beta coefficients and 95% CIs with corresponding p-values, representing SD change in CMR metrics associated with hypertension status in participants stratified by the period of time since hypertension diagnosis. Each row is one model, reference group is no hypertension. Models include adjustment for age, sex, ethnicity, Townsend deprivation index, alcohol, BMI, smoking, diabetes, high cholesterol. T1 with additional adjustment is additionally adjusted by myocardial wall thickness, haematocrit and heart rate. An * indicates p-values that were significant after adjustment for multiple testing with a false discovery rate of 5%. CMR= cardiovascular magnetic resonance, LAVi = maximum left atrial volume indexed to body surface area, LAEF= left atrial ejection fraction, LVEDVi = left ventricular end-diastolic volume indexed to body surface area, LVSVi = left ventricular stroke volume indexed to body surface area, LVMi = left ventricular mass indexed to body surface area, LVM/LVEDV = left ventricular mass to volume ratio, WT= wall thickness, LVEF = left ventricular ejection fraction, LV GFI = left ventricular global function index, GLS = Global Longitudinal Strain, AoD = aortic distensibility of the descending aorta.

Supplementary Table 6. Associations of treated hypertension with CMR metrics in fully adjusted linear regression models in men and women (compared with no hypertension)
	
	Treated hypertension SBP below threshold
	Treated hypertension SBP above threshold

	Metric
	Whole sample
	Women
	Men
	Whole sample
	Women
	Men

	LAVi
	0.082*
	0.023
	0.159*
	0.288*
	0.301*
	0.274*

	
	0.0010
	0.4602
	6.49x10-5
	1.57x10-31
	2.20x10-17
	4.86x10-15

	LAEF
	-0.198*
	-0.123*
	-0.292*
	-0.137*
	-0.206*
	-0.081*

	
	1.38x10-16
	6.42x10-5
	8.15x10-15
	6.55x10-9
	4.00x10-9
	0.0131

	LVEDVi
	0.013
	-0.012
	0.049
	0.164*
	0.177*
	0.168*

	
	0.5307
	0.6326
	0.1683
	3.82x10-16
	2.28x10-11
	3.48x10-8

	LVSVi
	-0.015
	0.005
	-0.034
	0.230*
	0.217*
	0.250*

	
	0.5080
	0.8506
	0.3529
	1.33x10-26
	2.57x10-13
	2.83x10-15

	LVMi
	0.028
	0.032
	0.038
	0.376*
	0.376*
	0.384*

	
	0.1050
	0.1192
	0.2095
	1.81x10-105
	4.40x10-63
	2.45x10-48

	LVM/LVEDV
	0.022
	0.044
	0.003
	0.274*
	0.286*
	0.259*

	
	0.2659
	0.0627
	0.9334
	1.45x10-45
	1.71x10-27
	4.91x10-20

	Maximal WT
	0.055*
	0.070*
	0.046
	0.335*
	0.355*
	0.317*

	
	0.0018
	7.96x10-4
	0.1187
	1.73x10-80
	1.48x10-50
	2.82x10-34

	LVEF
	-0.034
	0.034
	-0.117*
	0.138*
	0.090*
	0.169*

	
	0.1183
	0.2250
	7.02x10-4
	7.69x10-11
	0.0039
	7.40x10-9

	LV GFI
	-0.036
	0.008
	-0.094*
	-0.004
	-0.057
	0.032

	
	0.0894
	0.7882
	0.0030
	0.8435
	0.0689
	0.2363

	GLS
	0.055*
	0.029
	0.088*
	0.036
	0.078
	0.009

	
	0.0258
	0.3948
	0.0161
	0.1360
	0.0382
	0.7854

	Native T1
	0.036
	-0.009
	0.071*
	-0.023
	-0.087*
	0.007

	
	0.0702
	0.7393
	0.0122
	0.2038
	0.0017
	0.7667

	AoD
	0.097*
	0.066*
	0.124*
	-0.283*
	-0.357*
	-0.224*

	
	1.42x10-7
	0.0118
	1.15x10-6
	2.72x10-59
	5.86x10-39
	3.41x10-24



Supplementary Table 6 footnote. Results are standardised beta coefficients and p-values, representing SD change in CMR metrics associated with hypertension diagnosis + hypertension treatment confirmed by Primary Care records compared with no hypertension. Fully adjusted models include adjustment for age, sex, ethnicity, Townsend deprivation index, alcohol, BMI, smoking, diabetes, high cholesterol. T1 with additional adjustment is additionally adjusted by myocardial wall thickness, haematocrit and heart rate. * indicates p-values that were significant after adjustment for multiple testing with a false discovery rate of 5%. CMR= cardiovascular magnetic resonance, LAVi = maximum left atrial volume indexed to body surface area, LAEF= left atrial ejection fraction, LVEDVi = left ventricular end-diastolic volume indexed to body surface area, LVSVi = left ventricular stroke volume indexed to body surface area, LVMi = left ventricular mass indexed to body surface area, LVM/LVEDV = left ventricular mass to volume ratio, WT= wall thickness, LVEF = left ventricular ejection fraction, LV GFI = left ventricular global function index, GLS = Global Longitudinal Strain, AoD = aortic distensibility of the descending aorta, SBP= systolic blood pressure.



Supplementary Table 7. Associations of hypertension diagnosis with CMR metrics in fully adjusted linear regression models by ethnicity 
	
	White 
N= [21,225 - 36,313]
	Asian
N = [222 - 392]
	Black
N = [128 - 241]
	Chinese
N = [70 - 108]

	Metric
	Unadj
	Age + sex
	Fully adj
	Unadj
	Age + sex
	Fully adj
	Unadj
	Age + sex
	Fully adj
	Unadj
	Age + sex
	Fully adj

	LAVi
	0.123*
	0.154*
	0.158*
	0.245
	0.239
	0.260
	0.176
	0.236
	0.190
	0.204
	0.233
	0.453

	
	9.59x10-20
	2.62x10-28
	6.99x10-26
	0.0315
	0.0539
	0.0481
	0.2460
	0.1346
	0.2758
	0.4102
	0.3658
	0.1404

	LAEF
	-0.214*
	-0.152*
	-0.115*
	-0.329*
	-0.201
	-0.234
	-0.096
	-0.069
	-0.050
	-0.064
	-0.059
	-0.324

	
	1.46x10-56
	3.25x10-28
	9.59x10-15
	0.0066
	0.1187
	0.0869
	0.4649
	0.6164
	0.7358
	0.8250
	0.8442
	0.3615

	LVEDVi
	-0.000
	-0.020
	0.101*
	0.108
	0.147
	0.155
	0.052
	0.180
	0.182
	-0.028
	-0.061
	0.027

	
	0.9951
	0.0804
	1.75x10-16
	0.2806
	0.1586
	0.1576
	0.7242
	0.2024
	0.2361
	0.8791
	0.7307
	0.8972

	LVSVi
	-0.022
	-0.009
	0.114*
	0.138
	0.199
	0.202
	-0.099
	0.014
	-0.008
	-0.159
	-0.203
	-0.214

	
	0.0785
	0.4706
	1.68x10-18
	0.1787
	0.0732
	0.0860
	0.5007
	0.9261
	0.9581
	0.4446
	0.3511
	0.4102

	LVMi
	0.373*
	0.255*
	0.257*
	0.510*
	0.421*
	0.337*
	0.376*
	0.428*
	0.363*
	0.479
	0.393
	0.288

	
	8.69x10-206
	7.54x10-146
	1.83x10-128
	4.42x10-7
	1.78x10-5
	7.91x10-4
	0.0108
	0.0010
	0.0090
	0.0358
	0.0678
	0.2627

	LVM/LVEDV
	0.470*
	0.343*
	0.197*
	0.576*
	0.370*
	0.242
	0.396*
	0.292
	0.201
	0.642*
	0.570*
	0.285

	
	< 1.00x10-250
	1.78x10-193
	3.88x10-61
	3.44x10-6
	0.0041
	0.0638
	0.0158
	0.0658
	0.2339
	0.0060
	0.0176
	0.3126

	Maximal WT
	0.552*
	0.390*
	0.238*
	0.646*
	0.445*
	0.347*
	0.328
	0.338*
	0.204
	0.774*
	0.682*
	0.693*

	
	< 1.00x10-250
	5.65x10-276
	1.95x10-105
	2.27x10-7
	1.38x10-4
	0.0030
	0.0465
	0.0268
	0.1626
	0.0079
	0.0128
	0.0262

	LVEF
	-0.014
	0.036*
	0.040*
	0.057
	0.090
	0.078
	-0.220
	-0.238
	-0.274
	-0.166
	-0.152
	-0.336

	
	0.2459
	0.0029
	0.0023
	0.6173
	0.4546
	0.5389
	0.1485
	0.1261
	0.1084
	0.4833
	0.5164
	0.2313

	LV GFI
	-0.228*
	-0.124*
	-0.055*
	-0.186
	-0.064
	-0.013
	-0.365*
	-0.340*
	-0.345*
	-0.470
	-0.422
	-0.453

	
	9.65x10-78
	5.41x10-27
	9.97x10-6
	0.0873
	0.5644
	0.9117
	0.0093
	0.0150
	0.0236
	0.0537
	0.0757
	0.1160

	GLS
	0.073*
	0.020
	0.044*
	0.275
	0.283
	0.306*
	-0.032
	0.006
	0.015
	0.289
	0.438
	0.504

	
	1.09x10-7
	0.1513
	0.0025
	0.0314
	0.0349
	0.0299
	0.8272
	0.9687
	0.9242
	0.3190
	0.1200
	0.1299

	Native T1
	-0.162*
	-0.091*
	-0.062*
	-0.002
	0.116
	0.155
	0.188
	0.104
	0.001
	0.133
	0.286
	0.282

	
	2.01x10-51
	1.98x10-18
	2.15x10-8
	0.9853
	0.3033
	0.1952
	0.1517
	0.4088
	0.9960
	0.5478
	0.1818
	0.2558

	AoD
	-0.379*
	-0.176*
	-0.173*
	-0.583*
	-0.271*
	-0.191
	-0.332*
	-0.145
	-0.119
	-0.692*
	-0.452
	-0.406

	
	7.55x10-249
	3.95x10-71
	8.59x10-60
	3.12x10-9
	0.0016
	0.0355
	0.0076
	0.2064
	0.3287
	0.0034
	0.0438
	0.1166



Supplementary Table 7 footnote. Results are standardised Beta coefficients and p-values, representing SD change in CMR metrics associated with diagnosed hypertension status, stratified by ethnic group. The reference group is no hypertension within each ethnic group. Models include adjustment for age, sex, Townsend deprivation index, alcohol, BMI, smoking, diabetes, high cholesterol. T1 with additional adjustment is additionally adjusted by myocardial wall thickness, haematocrit and heart rate. An * indicates p-values that were significant after adjustment for multiple testing with a false discovery rate of 5%. CMR= cardiovascular magnetic resonance, LAVi = maximum left atrial volume indexed to body surface area, LAEF= left atrial ejection fraction, LVEDVi = left ventricular end-diastolic volume indexed to body surface area, LVSVi = left ventricular stroke volume indexed to body surface area, LVMi = left ventricular mass indexed to body surface area, LVM/LVEDV = left ventricular mass to volume ratio, WT= wall thickness, LVEF = left ventricular ejection fraction, LV GFI = left ventricular global function index, GLS = Global Longitudinal Strain, AoD = aortic distensibility of the descending aorta. P-values that were below the reporting threshold provided by R are shown as <1.00x10-250.
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