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This article presents prediction equations for several cardiovascular disease endpoints, which are 
based on measurements of several known risk factors. Subjects (n = 5573) were original and 
offspring subjects in the Framingham Heart Study, aged 30 to 74 years, and initially free of 
cardiovascular disease. Equations to predict risk for the following were developed: myocardial 
infarction, coronary heart disease (CHD), death from CHD, stroke, cardiovascular disease, and 
death from cardiovascular disease. The equations demonstrated the potential importance of 
controlling multiple risk factors (blood pressure, total cholesterol, high-density lipoprotein 
cholesterol, smoking, glucose intolerance, and left ventricular hypertrophy) as opposed to 
focusing on one single risk factor. The parametric model used was seen to have several 
advantages over existing standard regression models. Unlike logistic regression, it can provide 
predictions for different lengths of time, and probabilities can be expressed in a more 
straightforward way than the Cox proportional hazards model. (AM HEART J 1990;121:293-8.) 

The Framingham Heart Study has been operational 
for more than 40 years and has identified a number 
of risk factors that interact in a deleterious manner 
to have a cumulative impact on cardiovascular dis- 
ease (CVD). Experience has shown that amultifactor- 
ial approach, one that takes into consideration all the 
risk factors, is probably the best strategy for the pre- 
vention of coronary heart disease (CHD). 

This article presents prediction equations for sev- 
eral CVD endpoints based on measurements of sev- 
eral known risk factors. They may be used for 
estimating outcome probabilities over a range of 4 to 
12 years for persons aged 30 to 74 years. These equa- 
tions are then compared with a recently developed 
equation for predicting CHD’ to see if that single 
profile predicts the related endpoints equally well. 
Separate profiles with diastolic (DBP) and systolic 
blood pressure (SBP) are included for all outcomes. 
A method for developing confidence intervals for 
predicted probabilities, hazard ratios, and excess risk 
estimates* is also presented. Examples illustrate how 
to use the equations and calculate the confidence 
intervals. 

METHODS 

The population studied consisted of 5573 members of the 
Framingham Heart Study and Framingham Offspring 
Study cohorts, who ranged in age from 30 to 74 years. 
Baseline characteristics were measured from 1968 through 
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1975, and 12 years of follow-up were included. Only persons 
free of CVD and cancer (other than basal cell carcinomas) 
were included in the study. (For further details, see 
Anderson et al.,’ who detail the development of the equa- 
tion for CHD that is presented here.) 

Equations were developed for the following outcomes: 
myocardial infarction (MI, including silent and unrecog- 
nized MI); death from CHD (sudden or nonsudden); CHD 
(consisting of MI and CHD death plus angina pectoris and 
coronary insufficiency); stroke, including transient is- 
chemia; CVD (including all the above plus congestive heart 
failure and peripheral vascular disease); and death from 
CVD (CVD death). 

A parametric statistical model2 was used to provide pre- 
dicted probabilities for each of the outcomes. This model- 
ing is based on risk factor levels and (possibly censored) 
times until events. Let T denote the time until the event of 
interest. Assume xi, x2. . . ?& represents the risk factor 
measurements for an individual. For example, ~1 might be 
age in years, xz systolic blood pressure, and so forth. The 
coefficients PO, & . . . ok, as well as 00 and 81, will represent 
the parameters that we will estimate. The value 
fi = DO + &xi + . . . + && is assumed to be a linear func- 
tion of the risk factors and log (r = 0 + Bip is considered to 
be a linear function of p. 

To compute the probability that time until event is less 
than some arbitrary time t for given values of p and 0, let 

u = log(t) -fi 
CJ (Equation 1). 

Assume 

P(T>t) =p(log(;‘-F>u} 

= 1 - exp(-exp(u)) (Equation 2). 

Equation 2 is the predicted probability of an event by 
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Table I. SBP prediction equation coefficients for all outcomes studied 

Coeficients CHD MI 
C’HD 

death 
(‘VL) 

Stroke CVD dt%ih 

$0 

01 
00 

female 
log(ageJ 
(logbge)J2 
log(age) X female 
(log(age))2 X female 
log(SBPJ 
cigarettes (Y/N) 
log(total-C + HDL-CJ 
diabetes 
diabetes X female 
ECG-LVH 
ECG-LVH X male 

0.9145 3.4064 2.9851 -0.4312 0.6536 Ii.8207 

-0.2784 -0.8584 -0.9142 -0.2402 -0.4346 
15.5305 11.4712 11.2889 26.5116 18.8144 -3.0385 
28.4441 10.5109 0.2332 0.2019 -1.2146 0.2"4'3 I 1 

-1.4792 -0.7965 -0.9440 -2.3741 - 1.8443 8.‘,170 -I 
-1.2109 

-14.4588 -5.4216 0.3668 

1.8515 0.7101 
-0.9119 -0.6623 -0.5880 -2.4643 -1.4032 -0.8383 
-0.2767 -0.2675 -0.1367 -0.3914 -0.3899 -0.1618 
-0.7181 -0.4277 -0.3448 -0.0229 -0.5390 -0.3493 

-0.1759 -0.1534 -0.0474 -0.3087 -0.3036 -0.0833 
-0.1999 -0.1165 -0.2233 -0.2627 -0.1697 -0.2067 
-0.5865 -0.1237 -0.2355 -0.3362 -0.2946 

-0.1588 

Table II. DBP prediction equation coefficients for all outcomes studied 

Coefficients CHD MI 
CHD 

death Stroke CVD 
Cl’D 

deuth 

00 0.9341 3.4587 2.1249 -0.4212 0.6761 0.9076 
fll -0.2825 -0.8647 -0.6860 -0.2421 -0.4528 

BO 15.5222 11.0436 12.0963 25.1067 17.5392 -9.0211 
female 32.4811 5.1559 0.2619 0.1558 -0.8019 0.2102 
log(age) -1.6346 -0.9302 -1.3025 -3.0997 -2.1231 9.5223 
(log(ageH2 -1.3999 

log(age) X female -16.4933 -2.6310 0.2584 
(log(age)J2 X female 2.1059 0.3472 
log(DBP) -0.8670 -0.5132 -0.4762 -1.7556 -1.0117 4.6073 
cigarettes (Y/N) -0.2789 -0.2721 -0.1553 -0.3975 -0.3900 -0.1548 
log(total-C + HDL-CJ -0.7142 -0.4228 -0.4056 0.0297 -0.5365 -0.4423 
diabetes -0.2082 -0.1764 -0.0860 -0.4047 -0.3575 -0.1178 

diabetes x female -0.1973 -0.1184 -0.2539 -0.2506 -0.1661 -0.1982 
ECG-LVH -0.7195 -0.1591 -0.2801 -0.3847 -0.3181 
ECG-LVH x male -0.1702 

time t. This implies T follows a Weibull d.istribution. In 
general, a negative @ coefficient for a variable means 
that a high value of that variable is associated with high 
risk.2 

(ECG-LVH) only for men, because for woman its coefh 
cient is positive and nonsignificant. 

Each model was estimated in two steps. First, covariates 
were chosen separately for each sex that appeared to model 
age well. For different models this may involve a quadratic 
age term or interactions between the age covariates and sex. 
Then covariates representing additional risk factors were 
added. Separate equations were developed with the use of 
SBP and DBP; except for the blood pressure covariate, the 
models are identical. The maximum likelihood method was 
used to estimate parameters. 

A hazard ratio is similar to a risk or odds ratio. Again, 
using a Weibull distribution as in equation 2, assume two 
persons have predicted probabilities pi and pz, respec- 
tively. Then the hazard ratio of individual one relative to 
individual two at time t is 

1% (1 - PI) 
log (1 - P2) 

The excess risk of individual one relative to individual two 
after time t is the difference in the predicted probabilities 
of disease for the two individuals (~1 -  ~2). 

In addition to differences in age covariates, there are two The delta method described by Anderson2 may be used 
deviations from the general model: (1) The model for stroke to provide confidence intervals, predicted probabilities, 
does not contain a 81 parameter, because its inclusion hazard ratios, and excess risk. Examples of confidence in- 
results in little improvement in the log likelihood. (2) The tervals are shown in the following sections. Details of the 
model for MI includes ECG-left ventricular hypertrophy calculations may be found in the Appendix. 
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Table III. The lo-year CHD risk prediction for 65-year-old nonsmoking, nondiabetic men without ECG-LVH (except 
where noted); excess risks and hazard ratios relate to SBP 120 mm Hg, total cholesterol 180 mg/dl (4.66 mmol/L), 
and HDL cholesterol 45 mg/dl (1.17 mmol/L) 

SBP (mm Hg) 

Total HDL 
cholesterol cholesterol 

mgldl mgldl 
(mmol/L) (mmollL) 

1 O-yr 
predicted 

risk 
Hazard 

ratio Excess risk 

160 240 (6.22) 38 (0.98) 

140 250 (6.48) 35 (0.91) 

140 220 (5.70) 42 (1.09) 

120 240 (6.22) 38 (0.98) 

110 

160 
(ECG-LVH yes) 

250 (6.48) 35 (0.91) 

240 (6.22) 38 (0.98) 

*The 95’, confidence intervals are shown in parentheses. 

The quantity u, computed in equation 1, provides a 
useful unit for comparison of risks for different persons. 
Although it is a simple function of the predicted probabil- 
ity of disease, it is more normally distributed since it is not 
restricted to the interval (0,l). To compare models for dif- 
ferent end points, u values were computed for each model 
for each of the 5573 persons in the population. All models 
are heavily dependent on age, certainly an unmodifiable 
risk factor. To clarify relationships among models based on 
the remaining risk factors, u values were corrected for age 
effects for each model. (This was done by taking residuals 
from a linear regression with u as the dependent variable 
and log(age) and [log(age)12 as the independent variables.) 
Correlations of these age-corrected residuals of u values 
were then obtained to measure the strengths of association 
between the different models. 

RESULTS 

Tables I and II present coefficients for the esti- 
mated equations. The risk factors are denoted as fol- 
lows: age-age in years; female-l if female, 0 if male 
(female sex is a protective risk factor); male-0 if 
male, 1 if female; SBP-average of two office mea- 
surements of SBP (mm Hg); DBP-average of two 
office measurements of DBP (mm Hg); total choles- 
terol-total serum cholesterol (mg/dl) as measured 
by the Abell-Kendall method3; high-density lipopro- 
tein (HDL) cholesterol (mg/dl) determined after 
heparin manganese precipitation; cigarettes-l if 
cigarette smoker (or quit within last year), 0 other- 
wise; diabetes-l if diabetes, 0 otherwise (diabetes is 
defined as under treatment with insulin or oral agents 
or a fasting glucose of 140 mg/dl or above4); and 
ECG-LVH-1 if definite ECG-LVH, 0 otherwise. 
SBP is used in Table I; DBP is used in Table II. Time 
intervals of 4 to 12 years are recommended. 

- 

27.4r;s 2.5 15.?5’( 
(23.Bro, 31.5”~) )* (2.1, 3.1) (12.1 r( , l&8”,,) 

26.4’<# 2.4 14.4’ ( 
(22.8”,,) 30.4’,* ) (2.0. 2.9) (11.5’; . 17.3”, ) 

19.9Y 1.7 7.9’, 
(17.1”; ) 23.0C,*) (1.5, 2.0) 16.4’, 9.5’,,) 

19.7?< 1.7 7.8’, 
(16.5’~ , 23.4’~‘) (1.5, 1.9) (5.9”, . 9.6’,s) 

20.0rr 1.7 8.0 p; 
(16.3?;#, 24.4”~) (1.5, 2.0) l5.4”, ( 10.6”, ) 

47.1rr 5.0 35.1’< 
(33.1”;, 63.5?, ) (3.0, 8.2) (19.6”(. , 50.6’;o) 

Table IV. Estimated percentiles of 6-year CHD predicted 
probabilities for each age group in the population studied 

Men Women 
fyr) 10% 50% 90 “; fyi-) IO@; 50 (‘L 90 5 

30-34 0.3 “1 1.0% 2.9 (‘c 30-34 
35-39 0.6”<1 2.0$1 5.1”, 35-39 
40-44 1.3 C’c 3.4P,J 7.5$ 40-44 
45-49 1.9”o 5.25 ll.O”c 45-49 
50-54 3.3?; 7.0r, 14.2”, 50-54 
55-59 4.3’0 9.1? 17.5”C 55-59 
60-64 6.0”<# 11.7rC 20.8”;, 60-64 
65-69 8.5’<’ 14.7’-0 25.6% 65-69 
70-74 9.2”c 15.1’; 26.5’rs 70-74 

<o. 1 I’< 
<o. 1 “( 

0.2 p; 
0.6 (‘< 
l.O”( 
1.9r; 
2.3”; 
3.0”; 
3.3”, 

<O.l’< 0.3 “iI 
0.2 % 1.5”;) 
0.7’,# 2.3 “0 
1.6Y 4.7 5 
2.9”,, 8.2r;, 
4.6”; 11.8’;s 
5.5c; 12.4? 
6.2 ‘E 13.4’; 
7.4”~ 14.6c< 

Predicted probability: An example. As an example of 
how to compute a predicted probability, consider the 
CHD equation for a 55-year-old woman with diabe- 
tes who smokes, has an SBP of 135 mm Hg, total 
cholesterol of 230 mg/dl(5.96 mmol/L), HDL choles- 
terol of 48 mg/dl, and no ECG-LVH,Using Table I, 
begin by computing c = 00 + pi x female + & 
X log(age) + P3 X log(age) X female + P4 X [log 
(age)]2 x female +& x log (SBP) +Ps x cigarettes +& 
x log(total& cholesterol + HDL cholesterol) +fis x 
diabetes + Pg X diabetes X female = 15.5305 + 28.4441 
- (1.479 + 14.4588) X log(55) + 1.8515 x [log(55)12 
- 0.9119 X log(135) - 0.2767 - 0.7181 x log(230/48) 
- 0.1759 - 0.1999 = 3.588. 

Next compute: log(G) = 80 + 81; = 0.9145 - 
0.2784 x h = -0.08430, so 6 = e-o.o843 = 0.9192. If 
t = 10 years, we have 

fi= hzw - b = -1 3g8 
G 

. . 
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Table V. Parameters, covariate means, and parameter covariance matrix needed to compute delta method estimates 
of standard errors 

Model coefficients 
00 ij0 $1 

female 

-0.31546 4.41815 -5.85489 

Localion 8) 
0.53526 

Parameter covariance matrix (COLT or (‘1 

HII ij’o female 

0.00341 
0.00684 

-0.03807 
-0.00956 

0.01483 
-0.00499 
-0.00158 
-0.00476 
-0.00111 
-0.00108 
-0.00362 

0.00464 

0.01629 
-0.09178 
-0.02289 

0.41039 
-0.01170 
-0.00394 
-0.01153 
-0.00255 
-0.00237 
-0.00816 

0.01082 

1.00413 
0.25204 

-0.30124 
0.05898 
0.03119 
0.08615 
0.00931 
0.02574 
0.05805 

-0.09000 

/J’2 
male X 
logcage) 
-1.47921 

1.78404 

male X 
log (age) 

0.06351 
-0.07325 

0.01510 
0.00776 
0.02137 
0.00198 
0.00728 
0.01440 

-0.02253 

1h 
female X 
logcage t 74)” 
I A5148 

ih d5 Id, 
log(SBP) cigarettes log(total-C + HDL-(‘1 

-0.91192 -0.27667 -0.71811 

0.13875 4.85349 0.39727 1.44776 

female X 
log(age + 74j2 

log(SBP) cigarettes log (total-C f HDL-(I) 

0.18982 
-0.02402 
-0.01326 
-0.03395 
-0.00894 
-0.00316 
-0.02800 

0.03900 

0.04211 
0.00421 
0.01017 
0.00102 
0.00205 
0.00286 

-0.01139 

0.00349 
0.00328 
0.00096 
0.00048 
0.00274 

-0.00374 

0.01609 
0.00202 
0.00189 
0.00829 

-0.01136 

Thus the lo-year predicted probability for CHD is 
1 - exp(-exp(-1.398)) = 0.22. 

Multiple risks: An example. Table III presents an ex- 
ample of predicted risk as a function of both SBP and 
lipoprotein values. It is meant to suggest that con- 
trolling multiple risk factors rather than just blood 
pressure should be considered as a risk reduction 
strategy. All examples in the table assume a 65year- 
old, nonsmoking, nondiabetic male without ECG- 
LVH. To begin, we assume that SBP is 160 mm Hg, 
total cholesterol 240 mg/dl (6.22 mmol/L), and HDL 
cholesterol 38 mg/dl (0.98 mmol/L). In the second 
line, we consider lowering SBP to 140 mm Hg, but 
worsening both lipoprotein values by approximately 
lo%, which results in about the same predicted risk 
as the original profile. In the third line, we again con- 
sider SBP to be 140 mm Hg and improve the two 
lipoprotein values by about 10%) which results in a 
greater than 20% reduction in predicted CHD risk. 
In the fourth and fifth examples of the table, we show 
that with lipoprotein values unchanged or slightly 
worsened, larger changes in SBP are required to ob- 
tain a lowering of predicted risk of an amount com- 
parable with the third line of the table. Note that this 
example is not meant to imply that changing risk 
factors in persons by these amounts would result in 
the stated changes in CHD risk. These figures repre- 

sent the differences between persons in an epidemi- 
ologic study. Smaller differences would probably be 
expected from risk factor improvement because of 
residual effects of previously higher levels. 

Note that most of the 95 % confidence intervals in 
this table are relatively small. Risk associated with 
the less frequent covariates of ECG-LVH and diabe- 
tes is much less reliably estimated. The last line of the 
table is comparable with the first except that ECG- 
LVH is added. This results in a large increase in the 
estimated risk, but a much larger increase in the es- 
timated confidence intervals. Thus although we know 
this person is at elevated risk, it is difficult to know 
to what extent. 

Typical risk levels. To help clarify the meaning of 
the equations, predicted probabilities of CHD within 
6 years were obtained for each person in the popula- 
tion from which the equations were estimated. This 
was done for each &year age group, separately for 
men and women. The tenth and ninetieth percentiles 
of these distributions are offered as guidelines for 
high and low risks within each group and are shown 
in Table IV. This is suggested as more realistic than 
the arbitrary risk factor levels that were previously 
used to illustrate high and low risk.5 In that publica- 
tion estimates of high risk assumed the presence of 
both diabetes and ECG-LVH. These conditions are 
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ik 
Diabetes 

-I).17591 

Diahetes 

0.014”6 
-0.01110 

0.00191 
-0.00”62 

lb 
female X 
diabetes 
-0.19987 

0.0276:33 

female X 
diabetes 

l&l f4 

ECG-LVH 

-0.58653 -0.27843 

0.007716 

ECG-LVH h 

O.OP613 
0.00156 0.05525 

-0.0023z -0.00898 0.01285 

relatively rare, especially in combination. Thus the 
assumption resulted in unrealistically elevated high- 
risk estimates, which could lead to unwarranted 
complacency in those with somewhat lower calcu- 
lated risks. For example, in that article 35year-old 
men had a high 6-year risk of 16.9 % , which is much 
higher than scores for the vast majority of such men. 
The present equation gives a ninetieth percentile risk 
of 5.1%. Thus those persons whose risks are near 
5% are, in fact, at relatively high risk compared 
with other men of their age. With no improvement 
in covariate values, this risk will become much higher 
as they become older. It would also appear more 
alarming if the projection was for a longer time 
period. 

Although the CHD equation has been used in each 
of the preceding examples, any of the other equations 
might have been used instead if different endpoints 
were of interest. The procedure is the same in each 
case; only the values of the coefficients vary. 

Any of the equations that use DBP may also be 
used. For most outcomes (CHD, MI, CHD death in 
particular) differences in predictive probabilities are 
slight. Because the log likelihoods are slightly higher 
when SBP is used, we recommend this be done if 
convenient. The differences in outcome are not sta- 
tistically significant when SBP as opposed to DBP is 
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used. The situation changes for stroke and to a lesser 
extent CVD (which includes stroke). Here the differ- 
ences are substantial, with SBP producing consider- 
ably higher log likelihoods. 

Correlations of the age-corrected u residuals for 
CHD with those for other endpoints were above 0.95 
with all endpoints except stroke. These high correla- 
tions might be expected, because the endpoints have 
many events in common. Because these correlations 
are high except for stroke, there appears to be little 
practical difference between the weighting of risk 
factors in the different equations. However, risk fac- 
tor weightings are statistically significant for differ- 
ent equations. 

At a glance, Tables I and II show that with regard 
to risk factors, stroke is substantially different from 
the “heart” diseases in two ways. First, blood pres- 
sure is even more strongly associated with stroke 
than with the other endpoints; second, total choles- 
terol and HDL cholesterol are of little statistical sig- 
nificance. Because of these differences, it might be 
expected that an equation developed to predict CHD 
would not be particularly effective in estimating the 
risk of stroke. To some extent, this proves to be the 
case. However, even for stroke, the CHD equation is 
a fairly good predictor (for the two u residuals, 
r = 0.64 with SBP; r = 0.58 with DBP). 

DISCUSSION 
Evaluation of the CHD equation. A major aim of this 

article has been to evaluate further the CHD 
equation1 and, if possible, to extend its use to other 
endpoints. The confidence intervals that have been 
developed indicate that most estimates of predicted 
probabilities are fairly accurate. For ECG-LVH, this 
is not the case because the low prevalence of this 
condition in the population studied does not provide 
much information on the degree of its association 
with CHD. To a lesser extent, the same is true for 
diabetes. 

Comparisons of the various equations suggest that 
the CHD equation does reasonably well at discrimi- 
nating between relatively high- and low-risk persons 
for all the endpoints studied. This is not surprising 
since, except for stroke, the various endpoints have 
much in common with CHD. The association be- 
tween the CHD and stroke equations is weaker than 
that for CHD with other outcomes. Because of the 
differences in origin, a separate equation for predict- 
ing stroke may be desirable. (For such an equation 
incorporating the additional risk factors, see Wolf et 
a1.6) 
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Advantages of methodology. The parametric model 
used in this article has several advantages over other 
standard regression models. Unlike logistic regres- 
sion, it can provide predictions for different lengths 
of time. The predictive probabilities can be expressed 
in a way that is more straightforward than for the Cox 
proportional hazards model. The latter, which has a 
nonparametric component, is less simply summa- 
rized. The assumptions of proportional hazards (con- 
stant a) is not required for this model, as it is for both 
the Cox and standard Weibull. Except for the stroke 
model, allowing u to vary (i.e., not requiring that 
& = 0) permits a better fit. 
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APPENDIX 

In this section we give details of the computation of the 
confidence intervals presented in Table III. Because the 
numbers in Table V are rounded, recalculating the compu- 
tations in Table III produces some differences of 1 in the 
last decimal place shown. Again we refer to the CHD equa- 
tion with SBP. First, a reparameterization of the problem 
is presented. The average of each covariate in the popula- 
tion is subtracted from the individual values before the 
equation is estimated. The reparameterization results in 
different values for 00, PO, and the coefficient for female. The 
first two sections of Table V give the coefficients and 
means, respectively. The estimated covariance matrix for 
the parameter estimates is presented in the bottom part of 

the table. We will use 6 to denote the vector of coefficients 
(BO? 81 . , . ps) in Table V. Similarly, 8 will represent (00,&). 
In the following, t will denote some fixed length of time, 
such as 10 years. The vector X will correspond to a vector 
with 1, followed by the covariate values for an individual 
denoted underneath the symbols /31 to 13s in Table V. 
Finally, x and c are as denoted in Table V. 

The first value for which a confidence interval is com- 
puted is 

4P,@ = 
log(t) - P’(X - ?f) 

exp(80 + 0,/3’[X - Xl)’ 

We let sd(&) denote the delta method standard deviation 
estimate of k = ;(a, 0). A 95% confidence interval for u is 
computed as iL + 1.96sd(iL), labeled (uL,, U(T). The 95%) 
confidence interval for the predicted probability of an 
event by time t given the covariate vector X is then (F(q), 
F(uu)), where F(u) = 1 -exp(-exp u). To compute sd(ilj 
we need first the vector of partial derivatives. 

D, = (a~laeo,a~lapo,a~lap, . . . dUh%?K, au/as,). Theval- 
ues in D, may be computed as follows: au/a&, = --(I; 
adap, = --lb; au/@& = -Xi(l/U + Bru), i = 1, 2,. . . , h; 
adae, = u(plxl + . . . + @kXk). We substituted p^,tis, and tj 1 
for the true values & 00, and 0i in the above equations to 
provide estimates. 

Once D, is computed, let C be the covariance matrix in 
Table V and let sd(k) = (D’,CDJ1’“. The confidence inter- 
val for the hazard ratio is computed as described above. Let 
UI = u1 - us, where u1 and uz correspond to the two profiles 
for which you are computing a hazard ratio. Compute D,l 
and Du2 as above and then let D, = D,l - D,z. Next com- 
pute sd(&) = (D’WCD,)1/2, WL = li, - 1.96sd(&), and 
wu = & + 1.96sd(k). Finally, the hazard ratio estimate is 
a = e”, and its 95% confidence interval is from 
RL = exp(wL) to RU = exp(wu). 

To compute a confidence interval for the absolute 
difference in two estimated probabilities, let ui and uz be 
as above. Then let D = exp(ui - exp(ur))D,i + exp(uz - 
exp(uz))D,z. Next compute A = ui -us and sd(A) = 
(D’CD)1/2. Finally, the estimate of the difference in the 
predicted probabilities is A = exp(-exp(us)) - exp 
(-exp(ui)), the-lower limit of the 95% confidence interval 
is A - 1.96sd(A), and the upper confidence limit is 
A + 1.96sd(A). 


