Appendix A: Studies included in Prospective Studies Collaborative meta-analysis of blood pressure and cause-specific mortality

Study by region (and year Number of participants Number of deaths included in analyses Mean age at Mean time to
screening began) included in analyses Stroke IHD Other vascular death (years) death (years)
Europe: 33 studies

BIRNH (1980) 10 153 58 118 141 68 5
BRHS (1978) 7354 70 436 —* 62 9
BUPA (1975) 21187 112 679 144 64 10
Caerphilly (1979)t 1783 11 96 11 62 8
CB project (1974) 48 719 71 229 87 50 9
CCHS (1976)1 13 369 158 528 212 70 10
FMCS (1966) 47 068 1135 3013 795%* 68 13
Finrisk (1972,77,82,87)1 37 891 437 1699 331 61 10
GPS (1977) 9553 63 184 79 68 6
Gothenburg Women (1968) 1403 25 69 —* 67 17
IPC-PARIS (1978)t 193 289 221 376 251 59 8
Israeli IHDS (1963)t 9719 348 927 278 67 14
Leuven (1985) 1035 12 13 18* 73 4
Norwegian (1974)t 47 880 189 917 269 54 10
NPHS (1972)t 3082 16 122 46 67 11
OG Rome (1979) 3168 28 97 8 63 6
Oslo (1972) 15 821 81 743 126 57 11
Paris (1967) 7464 103 196 297 62 14
PROCAM (1978)t 13 613 17 94 10 56 4
Renfrew/Paisley (1972)t 11 117 290 865 125 66 10
SC Croatia (1958) 1291 131 88 82 67 15
SC Finland (1959) 1513 68 310 53 66 14
SC Greece (1960) 1130 75 41 42 68 16
SC Italy (1960) 2285 117 180 101 66 14
SC Netherlands (1960) 783 28 131 32 67 15
SC Serbia (1962) 963 97 75 75 67 16
SHHS (1984) 11 282 48 175 34 59 5
Speedwell (1979)t 1793 21 96 16 64 8
Tromso (1979) 16 509 9 104 15 51 6
UK HDPP (1971)t 13 146 234 1321 240 66 13
Varmland (1963) 96 137 4371 12926 2981* 72 12
West Scotland (1970) 6558 158 643 96 65 14
Whitehall (1967) 18 155 214 1306 251 64 8
Subtotal 676 213 9016 28797 7246 67 12
North America or Australia: 18 studies

ARIC (1986)t1 14 607 32 125 93 62 4
Busselton (1966)t 6277 196 485 168 75 15
Charleston (1960) 2067 145 380 182 71 18
CHS (1989)1 4511 32 87 57 79 2
Evans County (1960)t 2958 57 137 55 71 16
Framingham (1949)t 3099 142 451 162* 72 25
Honolulu (1965)t 7549 323 427 146 73 16
LRC (1972) 8028 100 345 105 69 10
MHHP (1980)t 16 883 29 123 52 66 4
MHS (1980) 7284 9 24 13 64 3
NHEFS (1971)t 12 919 311 967 461 73 11
Perth (1979) 9251 40 121 36 69 10
PRHHP (1965)t 9129 174 262 240 65 7
Rancho Bernardo (1971) 5415 186 478 243 79 11
Tecumseh (1959)1 4004 149 404 213 71 14
US Health Professionals (1986)% 21 926 27 134 47 66 4
US Nurses (1988)f 49 518 35 83 34 62 3
US Physicians (1981)f 7712 38 119 83 70 7
Subtotal 193137 2025 5152 2390 71 12
Japan or China: 10 studies

Ilkawa (1975)t 2124 52 12 48 69 10
Japan Railway: EJR (1973)F 54 827 221 120 168 53 5
Kyowa (1981)t 4213 27 16 24 67 6
Noichi (1975)t 2199 54 18 63 70 10
Ohasama (1990)t 2452 9 4 3 69 2
Saitama (1986) 3474 23 12 33 71 4
Seven Cities China (1986)t 7264 49 - —* 67 2
SC Japan (1958) 913 96 32 20 67 15
Shanghai (1972)t 9017 249 81 43 66 11
Shibata (1977)t 2241 139 39 54 76 8
Subtotal 88724 919 334 456 64 8
Total: 61 studies 958074 11 960 34283 10092 68 12
MRFIT (1973)§ 353 168 1285 11 360 4139* 59 10

*“Other vascular” deaths from these studies were either not provided or not further subdivided. +Studies with remeasurements of blood pressure during follow-up
used to correct for time-dependent regression dilution (appendix B). fIn these studies of US physicians, nurses, and other health professionals, the participants
reported their own blood pressures. §The North American MRFIT observational study was analysed in parallel, not in the combined analyses, using the same methods.
Table Al: Characteristics of contributing prospective observational studies (including numbers of individuals with data available for
sex, SBP, DBP, total cholesterol at baseline, and subsequent vital status)
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Appendix B: Estimation of “usual” blood pressures during particular exposure periods

There were 162 000 individuals with a systolic blood pressure (SBP) remeasurement at 1-5 years (average 3-4 years) after the baseline measurement
(see table B1 below). For the ten categories of baseline SBP, the mean of the remeasurements in a particular category was found to be related to the
mean, x, of the baseline measurements in that category by the formula:

F=145-9+0:669 (x-150)-0-0017(x-150)?
Likewise, there were 124 000 individuals with an SBP remeasurement at 6-15 years (average 8-3 years) after baseline, and the mean of this
remeasurement for the ten categories of baseline SBP was found to be given by:

L=146-9+0-576(x-150)-0-0023(x-150)?

In each baseline SBP category, the usual SBP at t years after baseline (irrespective of study, age, or sex) was therefore estimated as F+(L-F)(t-3-4)/4-9,
because this yields the formula F at 3-4 years and the formula L at 8-3 years. As a baseline measurement of SBP is less informative about the usual SBP
after a greater interval of time, the differences in usual SBP between successive SBP categories became progressively smaller as the age at death
increased (table 1 in main report). The analyses for diastolic blood pressure (DBP) were similar to those described above for SBP, except that the baseline
DBP measurement was used to divide people into only six categories (see tables B1 and B2 below). The corresponding formulae used to estimate usual
DBP were:

F=87-4+0-615(x-90)-0-0016(x-90)’; and
L=85-6+0-494(x-90)-0-0036(x-90)*

Baseline blood pressure categories and First remeasurement at 1-5 years Last remeasurement at 6-15 years (mean 8-3) after baseline
ranges (mm Hg) (mean 3-4) after baseline
Group Range Number with Baseline Observed Predicted Number with  Baseline Observed Predicted
repeat visits  (x) (F) repeat visits  (x) (L)
Systolic blood pressure (SBP)
i <115 30109 106-4 114-4 113-4 19532 106-4 117-7 117-4
i 115-124 35240 1199 123-8 124-2 22180 119-7 127-3 127-5
iii 125-134 35218 129-6 130-8 131-5 22329 129-4 1335 134-2
iv 135-144 26912 139:4 1379 138-6 16964 139-2 140-2 140-5
% 145-154 16197 149-3 145-4 145-4 10144 149-1 146-3 146-4
vi 155-164 9273 159:-3 152-4 152-0 5890 159-1 153-0 152-0
vii 165-174 4952 169-2 158-6 158-1 3299 169-1 157-7 157-1
viii 175-184 2665 179:2 164-6 164-0 1689 179-1 1616 161-8
ix 185-194 1375 189-2 169-7 169-6 877 189-3 164-6 166-0
X =195 1464 209-3 179-0 179-7 1017 211-3 174-1 173-0
Difference (x—i) 1029 64-6 66-2 104-9 56-5 55-6
Regression dilution ratio* 0-63 0-64 0-55 0-54
Diastolic blood pressure (DBP)
i <75 51621 67-4 73-0 72-7 31955 67-3 727 72-6
ii 75-84 57 256 79-7 80-6 81-0 35891 79-6 79-9 80-1
iii 85-94 35335 89-2 86-7 87-0 23283 89-0 85-0 85-2
iv 95-104 13720 98-8 93-0 92-8 8775 98-7 895 89-7
\% 105-114 4043 108-8 98-7 98-5 2926 108-7 94-0 93-6
vi =115 1430 122-2 105-4 105-7 1091 122-6 97-7 97-8
Difference (vi-ii)t 425 24-8 24-7 43-0 17-8 17-7
Regression dilution ratio* 0-58 0-58 0-41 0-41

*Ratio of the cited difference in observed or predicted blood pressure at remeasurement to that in baseline blood pressure. tDifference is for group (vi) to group (ii),
since risks for group (i) appear to be above the age-specific regression lines of log risk versus usual DBP (see figures 2, 4, and 6 in main report).

Table B1: Observed and predicted blood pressure values in baseline-defined categories for individuals with remeasurements

DBP (mm Hg): baseline-defined categories Estimated “usual” DBP at an average of 5 years before death for deaths at ages

and values ranges

Group Range Mean 40-49 50-59 60-69 70-79 80-89
i <75 67-8 73-0 73-3 73-3 731 739
ii 75-84 79-8 81-2 80-9 80-6 80-3 80-0
iii 85-94 89-3 875 86-8 86-1 85-4 84-8
iv 95-104 99-0 93-7 92:5 91-3 90-1 88-9
\% 105-114 108-9 99-9 97-9 96-0 94-1 92:2
vi =115 122-4 107-9 104-9 101-9 98-7 95-3
Difference (vi—ii)* 42-6 26-6 24-0 21-2 18-4 15-4
Regression dilution ratiot 0-63 0-56 0-49 0-42 0-35
Years from baselinet 2 4 6 8 10

*Difference is given for groups (vi) to (ii) since risks for group (i) are above the age-specific regression lines in graphs of log risk versus usual DBP (see figures 2, 4,
and 6 in main report). tRatio of the cited difference (vi-i) in usual DBP at the start of each decade to that in baseline DBP.¢ tMean years from baseline to start of age
range, for those who died in it (estimated as 5 years less than mean years from baseline to death). Hence, regression dilution ratios for usual blood pressure at an
average of about 1 year before death in each decade are equivalent to those for years from baseline to start of age range plus 4 years (eg, 0-49, rather than 0-63, for
usual DBP at age 40-49 years).

Table B2: Mean baseline values and estimated usual values of DBP (as provided for SBP in table 2 of main report)
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Appendix C: Calculation of effective variances for log risks,
and calculation of age-specific regression lines

Calculation of the effective variance of the log of the
floating absolute risk

With five age ranges (40-49, . . ., 80-89 years) and ten
systolic blood pressure (SBP) categories there are 50 log
relative risks, numbered 0 to 49 (0-9 for the SBP
categories at age 40-49 years; 10-19 for those at age
50-59 vyears, etc). Standard relative risk calculations
define one of these 50 groups as the reference category,
and then calculate the log risk for each of the other 49
categories relative to this, yielding a Cox variance of zero
for the log relative risk in the reference group and a Cox
variance for each of the 49 other groups that includes the
effects of the play of chance in the results for the reference
group. Floating absolute risk calculations yield exactly the
same 50 log risks, but instead assign an “effective
variance” to each of them (including the reference group),
calculated as follows. Let the 50 effective variances that
are to be attributed to the log risks b,, b;, b,, . . . , b,, in the
50 groups be written as v, v,, V,, . . . , V,, respectively
(where group 0 is the reference group, with b, zero but v,
positive), and let b denote the inverse-variance-weighted
average 2wb, (where the weight w; is the inverse of v,
21/v). Let ¢; denote the Cox covariance of the log risk
ratio b, with the log risk ratio b; (so c; is zero if i or j are
zero); let x, denote the variance attributed to (b-b) by
Cox’s method (so x=c,—2%wc,+22ww.,); and let p,
denote the variance calculated for (b-b) from the 50
effective variances (so p=v—2wyv,+2w;v,). The 50 effective
variances are then chosen to ensure that the variance with
which each b, differs from the weighted average b is
exactly correct (ie, they are computed iteratively to ensure
that each p, equals the corresponding x;: a program for
solving these 50 simultaneous equations is available from
the Prospective Studies Collaboration Secretariat).

Calculation of age-specific regression lines

Consider the results for deaths during one particular
decade of age (eg, 50-59 years, for which the subscript i
varies from 10 for the lowest SBP category to 19 for the
highest), and let u; denote the usual blood pressure at the
start of that age range in group i (i=10, ..., 19). Within
this age range, let B and U denote the inverse-variance-
weighted averages of the 10 log risks and of the 10 usual
SBP values respectively, and define S as 2 (u~U)(b-B)/v,
and T as 2 (u-U)%v, (with summation from i=10 to 19).
For this particular age range, the best-fitting straight line
through these log mortality rates goes through the point
(U, B) and has slope S/T (which has variance 1/T).
Hence, for example, the log hazard ratio for a 20 mm Hg
lower usual SBP would be —20 S/T, so the corresponding
hazard ratio would be exp(-20 S/T), with 95% confidence
limits exp(—20[S/T+1-96/VT]).
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Appendix D: Comparisons between different blood pressure indices (measured once only at baseline) as predictors of stroke and

ischaemic heart disease (IHD) mortality rates

Straight lines, one for each decade of age, relate risk (plotted on a doubling scale) to the measured value of the given blood pressure index, yielding a
X7, statistic. The value for 40-89 years is the sum of the values for the five separate age ranges, which is provided in table 3 of the main report.
Comparisons of values are appropriate only within each column: for a given age range and disease, larger values indicate better predictive ability.

BP index (measured once only at baseline) Age (years) at risk (and numbers of stroke deaths)

40-49 50-59 60-69 70-79 80-89 Sum: 40-89

(414) (1372) (2939) (4327) (2636) (11688)
Systolic (SBP) 172 (86%) 585 (85%) 758 (91%) 579 (91%) 76 (84%) 2170 (89%)
Diastolic (DBP) 173 (86%) 651 (94%) 664 (80%) 474 (75%) 76 (84%) 2038 (83%)
Pulse pressure 6 (23%) 184 (27%) 358 (43%) 287 (45%) 9 (32%) 905 (37%)
Mean arterial pressure 201 (101%) 711 (103%) 826 (99%) 624 (98%) 3 (102%) 2455 (100%)
Mid blood pressure 200 (100%) 692 (100%) 833 (100%) 633 (100%) 91 (100%) 2451 (100%)

Mid blood pressure=1/2SBP+1/2DBP, mean arterial pressure=2/3DBP+1/3SBP, and pulse pressure=SBP-DBP.
Table D1: Stroke: x> values relating age-specific mortality rates to a single measurement of the blood pressure index (and

percentage of age-specific x>, for mid blood pressure)

BP index (measured once only at baseline) Age (years) at risk (and numbers of IHD deaths)

40-49 50-59 60-69 70-79 80-89 Sum: 40-89
(1322) (5594) (10 450) (10852) (5649) (33 867)
Systolic (SBP) 266 (85%) 943 (91%) 1303 (96%) 673 (95%) 142 (92%) 3327 (93%)
Diastolic (DBP) 263 (84%) 810 (78%) 958 (70%) 479 (68%) 106 (69%) 2615 (73%)
Pulse pressure 1 (19%) 362 (35%) 673 (49%) 364 (51%) 2 (47%) 1532 (43%)
Mean arterial pressure 316 (100%) 1020 (98%) 1312 (96%) 680 (96%) 150 (97%) 3478 (97%)
Mid blood pressure 315 (100%) 1038 (100%) 1363 (100%) 707 (100%) 154 (100%) 3577 (100%)

Conventions as for table D1.

Table D2: Ischaemic heart disease (IHD): x?, values relating age-specific mortality rates to a single measurement of the blood
pressure index (and percentage of age-specific x>, for mid blood pressure)
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