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eMethods 

eFigure 1. Estimated mean Systolic blood pressure in the 20 years prior to death, by age at 

death (60-69, 70-79, 80-89, ≥90 years old). Estimates from linear mixed effect models, with 

2 knots, including individual patient median SBP measured in each year of observation 

eFigure 2. Estimated mean Diastolic blood pressures in the 20 years prior to death, by age 

at death (60-69, 70-79, 80-89, ≥90 years old) 

eFigure 3. Mean Systolic blood pressure trajectories for the 20 years before death, adjusted 

for diagnosis of medical conditions (hypertension, atrial fibrillation, heart failure and cancer) 

and measure of comorbidity (Charlson comorbidity Index) 

eFigure 4. Blood pressure trajectories for the 20 years before death stratified by age group 

and adjusted for a dichotomous category for long-term antihypertensive treatment in each 

year of follow-up 

eFigure 5. Mean Systolic blood pressure trajectories for the 20 years before death, by 

lifestyle factors (weight loss, smoking status, alcohol consumption and physical activity) 

eFigure 6. Estimated mean Systolic blood pressures in the 20 years prior to death, by age at 

death (60-69, 70-79, 80-89, ≥90 years old) including individuals with BP measures for ≥1 

year of follow-up, stratified by age group 

eTable 1. AIC score for all mixed effect models 

eTable 2. Characteristics of the sample for estimation of 20 year blood pressure trajectories, 

plus the ten year case-control samples 

eTable 3. Decline in systolic and diastolic blood pressure in the 20 years prior to death, 

measured as absolute change (mm Hg) and proportional (% of maximum i.e. peak value), 

plus year before death in which peak value occurred 
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eTable 4. Multivariate regression analysis of associations* between each of 15 diagnoses 

recorded in primary care records and change in Systolic blood pressure between years 10 to 

>2 years before death 

eTable 5. Estimated mean systolic blood pressure in each of the 20 years prior to death in 

mm Hg (95% confidence intervals) 

eTable 6. Estimated mean diastolic blood pressure in each of the 20 years prior to death 

(mm Hg & 95% confidence intervals) 
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eMethods 

We tested five mixed effect models to analyse change in systolic and diastolic BP in the years prior to 

death. Model 1 is a linear mixed effect model, the basis for the trajectories displayed in Figure 1 to 3 

were constructed using the formula provide below. A linear model for the measurement at the time j 

(in years) on the ith patient, as described in the formula below, was used to analyse change by 

diagnosis of medical conditions and in the case survivor matched cohort study:   

SBPij 	 0 + β1j + β2 ageij + β3 genderij + β4 SEYij + β5 IMDij + b0i +eij , i = 1, 2, ⋯,	n, j = 

1, 2,⋯,	20,  

(Model 1: linear model) 

where SBPij represents the estimated mean of annual medians of (hereinafter termed ‘estimated 

mean’) SBP in mm Hg for individual i at time = j (in years, ranging from 1 to 20 years before death), 

 is the sample size, β0 represents the intercept (thus SBP at the time of death), β1j is the expected 

SBP change associated with the change from time point j to death, β2, β3, β4, β5, are regression 

coefficients, b0i represents the random effect for individual  respectively. Lastly eij is the error term, 

which is assumed to be independent, identical and normally distributed with a mean of zero and 

constant variance 

Model 2 is a mixed effect model to predict variation of SBP by 1-year distance to death, by a 

quadratic specification of the time to death:  

SBPij 	 0 + β11tij + β12tij
2 + β2 ageij+ β3 genderij + β4 SEYij + β5 IMDij + b0i + b1itij +eij,   	

	1, 2,⋯ , , 	1, 2,⋯ , 20.		                       

(Model 2: Quadratic model) 

The third model estimated variation of SBP by 1-year distance to death, by a cubic specification of the 

time to death: 

SBPij 	 0 + β11tij + β12tij
2 +  β13tij

3 + β2 ageij+ β3 genderij + β4 SEYij + β5 IMDij + b0i + b1itij + eij,  	

	1, 2,⋯ , , 	1, 2,⋯ , 20.                    

(Model 3: Cubic model)  

The fourth model estimated SBP based on a piecewise linear specification with a single knot: 

SBPij 	 0 + β11tij + β12(tij - k) + β2 ageij + β3 genderij + β4 SEYij + β5 IMDij  + b0i + b1itij + eij,   	

	1, 2,⋯ , , 	1, 2,⋯ , 20.                           

(Model 4: 1-period linear model) 
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Lastly, the fourth model estimated SBP based on a piecewise linear specification with a single knot: 

SBPij 	 0 + β11tij + β12(tij - k) + β2 ageij + β3 genderij + β4 SEYij + β5 IMDij  + b0i + b1itij + eij,   	

	1, 2,⋯ , , 	1, 2,⋯ , 20.                           

(Model 5: 2-period linear model) 

The last 2 models allows for different slopes for time to death before and after the knot points, k, 

where (t – k) = 0 for t ≤ k. The spline point selected was at year 10, the mid-point of follow-up. 

The model with the lowest AIC is the best fitting and in this case for all age groups this was the linear 

model. The first model, produced the lowest AIC and therefore was select for our main analyses. 

SENSITIVITY ANALYSIS 

We used sensitivity analysis to assess the effect of modifiers of systolic blood pressure in the 20 year 

trajectories. These analyses aim to test if these modifiers statistically explain the declines in SBP in 

the years prior to death.  

Treatment with anti-hypertensive medication  

We tested the effect of long-term treatment with anti-hypertensives in SBP trajectories. For each of 

the 20 years of follow-up, we identified instances when individuals were prescribed anti-hypertensive 

medication. Anti-hypertensive medication is included in chapter 5 of the British National Formulary. 

Long-term prescription was coded as present when a prescription for anti-hypertensives was recorded 

in two of four quarters in each year of follow-up. 

A first sensitivity analysis produced SBP trajectories in the 20 years prior to death for patients never 

prescribed long-term anti-hypertensives (Figure 1a). Trajectories for this subset of individuals show 

declines in systolic pressure, albeit less marked, particularly for younger age groups (60 to 69: -3.4 

mmHg; 70 to 79: -6.7mmHg; 80 to 89: -10.7mm Hg & 90 and over: -17.0mmHg). A second 

sensitivity analysis includes an adjustment for the treatment qualifier for each year (figure 1b). Here 

declines are similar to those presented in the unadjusted analysis (60 to 69: -10.4mmHg; 70 to 79; -

15.1mmHg: 80 to 89:-20.1mmHg & 90 and over: -23.6mmHg). 
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eFigure 1. Estimated mean Systolic blood pressure in the 20 years prior to death, by age at death (60-

69, 70-79, 80-89, ≥90 years old). Estimates from linear mixed effect models, with 2 knots, including 

individual patient median SBP measured in each year of observation.  
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eFigure 2. Estimated mean Diastolic blood pressures in the 20 years prior to death, by age at death 

(60-69, 70-79, 80-89, ≥90 years old). 
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eFigure 3. Mean Systolic blood pressure trajectories for the 20 years before death, adjusted for diagnosis of medical conditions (hypertension, atrial 
fibrillation, heart failure and cancer) and measure of comorbidity (Charlson comorbidity Index). 
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eFigure 4. Blood pressure trajectories for the 20 years before death stratified by age group and 
adjusted for a dichotomous category for long-term antihypertensive treatment in each year of follow-
up 
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eFigure 5. Mean Systolic blood pressure trajectories for the 20 years before death, by lifestyle factors (weight loss, smoking status, alcohol consumption and 

physical activity) 

 

Note: weight loss compares individuals that did not lose weight throughout follow-up and those losing ≥20kg. * moderate include individuals classified a preforming 
weekly moderate or vigorous physical activity 
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eFigure 6. Estimated mean Systolic blood pressures in the 20 years prior to death, by age at death (60-

69, 70-79, 80-89, ≥90 years old) including individuals with BP measures for ≥1 year of follow-up, 

stratified by age group 
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eTable 1. AIC score for all mixed effect models 

Model 
60-69 70-79 80-89 90+ 

AIC  AIC  AIC  AIC  

Linear 432892 1120807 2081842 1195294 

Linear (step function) 431479 1117212 2075247 1191525 

Quadratic 431527 1117459 2075838 1191695 

Cubic 431513 1117384 2075673 1191687 

Linear with 1 knot 431599 1117580 2076096 1191868 

Linear with 2 knots 431498 1117260 2075311 1191549 

 
 
eTable 2. Characteristics of the sample for estimation of 20 year blood pressure trajectories, plus the 
ten year case-control samples. 

 Age at death group (years)  

20 year BP trajectories sample 60-69 70-79 80-89 90 and over Total 

Number in analysis 4,820 11,193 19,664 10,957 46,634

Mean age at death (sd) 65.4 (2.7) 75.2 (2.8) 84.7 (2.8) 93.4 (3.2) 82.4 (9.0)

Proportion female (%) 45.5 43.6 50.8 64.6 

Charlson Comorbidity Index (%) 
Quintiles 

 

1 (least comorbidity) 45.1 27.9 19.4 17.7 23.7

2 16.2 14.3 12.1 12.7 13.2

3 22.0 26.8 26.9 26.6 26.3

4 11.0 17.5 21.2 22.3 19.5

5 (most comorbidity) 5.6 13.4 20.4 20.8 17.3

Rockwood Frailty index (%) 
Quintiles 

 

1 (least comorbidity) 40.4 32.2 32.4 39.1 34.7

2 9.0 10.0 11.4 13.1 11.2

3 17.8 19.0 20.7 21.8 20.3

4 15.7 19.1 19.1 16.4 18.1

5 (most comorbidity) 17.1 19.8 16.3 9.6 15.6

  

Matched cohort analysis (year 
10 to >2 years before death) 

     

Number 4,177 10,461 18,781 10,344 

Age-at-death mean (sd) 65.3 (2.7) 75.2 (2.8) 84.6 (2.8) 93.3 (3.1) 

Percent female (%) 44.0 42.7 50.8 64.6 

Prevalence of conditions any 
time before death (%) 

 

Hypertension 76.0 83.2 86.2 85.3 

Heart failure 17.6 26.3 34.3 39.4 

Atrial Fibrillation 15.5 27.3 37.3 40.4 

Note: Hypertension excluded from Rockwood Frailty Index 
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eTable 3. Decline in systolic and diastolic blood pressure in the 20 years prior to death, measured as 
absolute change (mm Hg) and proportional (% of maximum i.e. peak value), plus year before death in 
which peak value occurred.  

Age 
group 

SBP DBP 

Peak mmHg % Peak mmHg %

60-69 14 10.6 7.3% 14 9.0 10.2%
70-79 14 15.4 10.6% 17 11.3 13.2%
80-89 15 20.5 13.7% 20 12.1 14.4%

≥90 18 23.9 15.8% 20 12.2 14.7%

 
Changes in systolic and diastolic pressure were estimated with basis on the mixed effect models. 
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eTable 4. Multivariate regression analysis of associations* between each of 15 diagnoses recorded in 
primary care records and change in Systolic blood pressure between years 10 to >2 years before death.  

Medical conditions 
Yearly ∆ SBP 

(mmHg) 95% Conf. inter. P-value

Asthma -0.02 (-0.10:0.07) 0.72

Atrial fibrillation -0.14 (-0.21:-0.07) 0.00

Coronary heart disease 0.12 (0.06:0.18) 0.00

Cancer 0.12 (0.06:0.19) 0.00

CKD3_5 -0.25 (-0.31:-0.19) 0.00

COPD -0.15 (-0.23:-0.08) 0.00

Dementia -0.34 (-0.44:-0.25) 0.00

Depression 0.02 (-0.05:0.09) 0.53

Diabetes Mellitus 0.04 (-0.03:0.10) 0.30

Epilepsy -0.04 (-0.22:0.14) 0.66

Heart failure -0.29 (-0.37:-0.21) 0.00

hypertension -0.69 (-0.75:-0.63) 0.00

Severe mental health  0.01 (-0.17:0.2) 0.88

Stroke or TIA -0.03 (-0.10:0.04) 0.37

Hypothyroidism 0.01 (-0.08:0.09) 0.90

Regression model constant -0.55 (-0.71:-0.39) 0.00
Note: individuals considered diagnosed if respective code is present in medical records at any time before 
death. 
*each estimate is adjusted for all the other conditions, plus gender, age group, deviation for age-group 

mean, death year and index of multiple deprivation. 
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eTable 5: Estimated mean systolic blood pressure in each of the 20 years prior to death in mm Hg 
(95% confidence intervals) 

Years until 
death 

60-69 70-79 80-89 90+ 

20 139.5 
(137.9:141.2) 

142.3 
 (141.3:143.3) 

147.2 
 (146.4:147.9) 

150 
 (149:151.1) 

19 141.5 
(139.8:143.2) 

142.7 
 (141.7:143.7) 

147.8 
 (147.1:148.6) 

150.1 
 (149.1:151.2) 

18 143 
(141.3:144.6) 

143.8 
 (142.9:144.8) 

148.4 
 (147.6:149.1) 

150.8 
 (149.8:151.9) 

17 144 
(142.4:145.7) 

0 
 (0:0) 

148.5 
 (147.8:149.3) 

150.2 
 (149.1:151.2) 

16 144.2 
(142.5:145.9) 

0 
 (0:0) 

149.3 
 (148.5:150) 

150.5 
 (149.5:151.5) 

15 145.4 
(143.8:147.1) 

146 
 (145:146.9) 

149.6 
 (148.9:150.3) 

150.4 
 (149.4:151.4) 

14 146.3 
 (144.7:148) 

146 
 (145:147) 

149.5 
 (148.8:150.2) 

150.1 
 (149.1:151.2) 

13 146.1 
(144.5:147.7) 

145.6 
 (144.6:146.5) 

148.6 
 (147.9:149.3) 

149.7 
 (148.7:150.7) 

12 146 
(144.4:147.6) 

145.6 
 (144.6:146.5) 

148 
 (147.3:148.7) 

148.9 
 (147.9:150) 

11 146.1 
(144.5:147.6) 

144.7 
 (143.7:145.6) 

146.9 
 (146.2:147.6) 

147.8 
 (146.8:148.8) 

10 146 
(144.4:147.6) 

143.4 
 (142.5:144.4) 

145.5 
 (144.8:146.2) 

146.3 
 (145.3:147.3) 

9 145 
(143.5:146.6) 

142.8 
 (141.9:143.7) 

144 
 (143.3:144.7) 

144.7 
 (143.8:145.7) 

8 144.2 
(142.6:145.7) 

141.5 
 (140.6:142.4) 

142.4 
 (141.7:143.1) 

142.9 
 (141.9:143.9) 

7 143.3 
(141.8:144.9) 

140.2 
 (139.3:141.1) 

140.8 
 (140.2:141.5) 

141 
 (140:141.9) 

6 142.3 
(140.8:143.9) 

138.8 
 (137.8:139.7) 

139.5 
 (138.8:140.2) 

139.2 
 (138.2:140.2) 

5 141.7 
(140.2:143.3) 

137.7 
 (136.8:138.6) 

138.1 
 (137.4:138.7) 

137.4 
 (136.5:138.4) 

4 141 
(139.5:142.5) 

136.8 
 (135.9:137.7) 

136.6 
 (135.9:137.3) 

135.8 
 (134.8:136.8) 

3 140 
(138.5:141.6) 

135.8 
 (134.8:136.7) 

135.2 
 (134.5:135.9) 

134.2 
 (133.2:135.2) 

2 139 
(137.5:140.6) 

134.1 
 (133.2:135.1) 

133.5 
 (132.9:134.2) 

131.7 
 (130.7:132.7) 

Year of 
death 

135.7 
(134.2:137.3) 

130.5 
 (129.6:131.5) 

129.1 
 (128.4:129.8) 

127 
 (126:128) 
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eTable 6: Estimated mean diastolic blood pressure in each of the 20 years prior to death (mm Hg & 
95% confidence intervals) 

Years until 
death 

60-69 70-79 80-89 90+ 

20 87.2 
(86.3:88.1) 

86.1 
 (85.5:86.6) 

84.9 
 (84.5:85.3) 

83.6 
 (83.1:84.1) 

19 87.5 
(86.6:88.4) 

86.2 
 (85.6:86.7) 

84.8 
 (84.4:85.2) 

83.2 
 (82.7:83.7) 

18 88.3 
(87.4:89.2) 

86.2 
 (85.7:86.7) 

84.5 
 (84.1:84.9) 

83 
 (82.5:83.5) 

17 88.5 
(87.6:89.4) 

86.2 
 (85.7:86.7) 

84.3 
 (83.9:84.7) 

82.7 
 (82.2:83.2) 

16 88.3 
(87.4:89.2) 

86.2 
 (85.6:86.7) 

84.4 
 (84:84.8) 

82.3 
 (81.8:82.8) 

15 88.5 
(87.6:89.4) 

85.9 
 (85.4:86.4) 

83.9 
 (83.5:84.3) 

82 
 (81.5:82.5) 

14 88.8 
(88:89.7) 

85.5 
 (85:86) 

83.3 
 (82.9:83.7) 

81.4 
 (80.9:81.9) 

13 88.4 
 (87.5:89.2) 

84.8 
 (84.3:85.3) 

82.5 
 (82.1:82.8) 

80.8 
 (80.3:81.3) 

12 87.9 
 (87:88.7) 

84.3 
 (83.8:84.8) 

81.8 
 (81.4:82.1) 

80 
 (79.5:80.5) 

11 87.7 
 (86.8:88.5) 

83.6 
 (83.1:84.1) 

80.8 
 (80.5:81.2) 

79 
 (78.5:79.5) 

10 87.4 
 (86.6:88.2) 

82.6 
 (82.1:83.1) 

79.8 
 (79.5:80.2) 

78.2 
 (77.7:78.7) 

9 86.6 
 (85.7:87.4) 

81.7 
 (81.3:82.2) 

78.8 
 (78.5:79.2) 

77.4 
 (76.9:77.8) 

8 85.7 
 (84.9:86.5) 

80.9 
 (80.4:81.3) 

77.8 
 (77.5:78.2) 

76.4 
 (75.9:76.9) 

7 84.8 
 (83.9:85.6) 

79.8 
 (79.3:80.2) 

76.9 
 (76.6:77.3) 

75.6 
 (75.1:76.1) 

6 84.1 
 (83.3:85) 

78.9 
 (78.4:79.4) 

76 
 (75.7:76.4) 

74.8 
 (74.3:75.2) 

5 83.4 
 (82.5:84.2) 

78 
 (77.5:78.5) 

75.2 
 (74.8:75.5) 

74 
 (73.5:74.4) 

4 82.8 
 (81.9:83.6) 

77.3 
 (76.8:77.8) 

74.5 
 (74.1:74.8) 

73.2 
 (72.8:73.7) 

3 82.1 
 (81.2:82.9) 

76.4 
 (75.9:76.9) 

73.8 
 (73.4:74.1) 

72.5 
 (72.1:73) 

2 81.2 
 (80.4:82.1) 

75.7 
 (75.2:76.1) 

73 
 (72.6:73.4) 

71.7 
 (71.3:72.2) 

Year of 
death 

79.8 
 (79:80.6) 

74.3 
 (73.8:74.7) 

71.8 
 (71.5:72.2) 

70.7 
 (70.3:71.2) 

 


