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A

DJUSTED SURVIVAL CURVES ARE

often included in published research articles to present the
anticipated survival of 2 or
more comparison groups in the circumstance of balanced covariate risk factors
between groups. The most widely used
method for generating adjusted survival curves from Cox proportional hazards models is referred to as the mean of
covariates method.1 This method is
simple to implement but has been considered by some1,2 to be both mathematically and conceptually problematic. Critics point to the availability of a better
method for calculating such curves called
the corrected group prognosis method.1-4
A search of the literature reveals several examples of studies that present adjusted survival curves5-9 or estimates of
risk-adjusted survival.10,11 Some of these
studies5-7 explicitly mention that the
suboptimal mean of covariates method
was used, while others8,9 fail to de1494

Context Adjusted survival curves are often presented in medical research articles.
The most commonly used method for calculating such curves is the mean of covariates method, in which average values of covariates are entered into a proportional
hazards regression equation. Use of this method is widespread despite published concerns regarding the validity of resulting curves.
Objective To compare the mean of covariates method to the less widely used corrected group prognosis method in an analysis evaluating survival in patients with and
without diabetes. In the latter method, a survival curve is calculated for each level of
covariates, after which an average survival curve is calculated as a weighted average
of the survival curves for each level of covariates.
Design, Setting, and Patients Analysis of cohort study data from 11468 Alberta
residents undergoing cardiac catheterization between January 1, 1995, and December 31, 1996.
Main Outcome Measures Crude and risk-adjusted survival for up to 3 years after
cardiac catheterization in patients with vs without diabetes, analyzed by the mean of
covariates method vs the corrected group prognosis method.
Results According to the mean of covariates method, adjusted survival at 1044 days
was 94.1% and 94.9% for patients with and without diabetes, respectively, with misleading adjusted survival curves that fell above the unadjusted curves. With the corrected group prognosis method, the corresponding survival values were 91.3% and
92.4%, with curves that fell more appropriately between the unadjusted curves.
Conclusions Misleading adjusted survival curves resulted from using the mean of
covariates method of analysis for our data. We recommend using the corrected group
prognosis method for calculating risk-adjusted curves.
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scribe the method used to derive adjusted survival curves.
In this statistical report, we provide
brief descriptions of the mean of covariates and corrected group prognosis methods and then apply the 2 methods to calculate risk-adjusted survival

curves for patients with and without
diabetes undergoing cardiac catheterization.12 We discuss the discrepant results from these analyses and provide
access to programs for the implementation of the corrected group prognosis method in 3 statistical packages.
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METHODS
Mean of Covariates Method

In the widely used mean of covariates
method, mean values for covariates
are inserted into the survival function
of the proportional hazards model.
For continuous variables like age, the
mean value among study patients is
used. For dichotomous covariates, a
value between 0 and 1 is used to
reflect the proportion of patients in
the database with the condition (eg,
0.17, if 17% have the condition).

vival up to 3 years after cardiac catheterization by diabetes status while
controlling for the other clinical variables that were significant predictors of
survival (Pⱕ.05). The proportional hazards assumption was evaluated graphically and found to be appropriate. Riskadjusted survival curves were then
plotted from the proportional hazards
model using first the mean of covari-

Statistical Case Report

We recently published an article that
presents adjusted survival curves after
cardiac catheterization for individuals
with and without diabetes undergoing
cardiac catheterization between January 1, 1995, and December 31, 1996.12
The purpose of this analysis was to provide information on the adjusted survival experience of individuals with diabetes, while controlling for age, sex, and
comorbidities. Details of that study’s
methods are provided elsewhere.12,14
In our analysis, we used a proportional hazards analysis to compare sur-

RESULTS
TABLE 1 presents the clinical characteristics of the 11468 patients studied
along with hazard ratios for all variables that were statistically significant
in the proportional hazards model. Patients with diabetes generally had a

Table. Prevalence and Prognostic Importance of the Clinical Variables Considered for
Inclusion in the Cox Proportional Hazards Model Developed for Risk Adjustment*
No. (%)

Corrected Group
Prognosis Method

In the corrected group prognosis
method, survival curves are first calculated for each of the unique combinations of covariates in a database, based
on the coefficients from a single proportional hazards model developed on
the entire database. A weighted average of these individual curves is then calculated, with weights proportional to the
number of individuals at each level of
covariates. For models that contain a
large number of covariates, there may
be many covariate combinations for
which individual curves must be calculated. For the statistical case report that
we present 2419 survival curves had to
be calculated and averaged to yield the
final adjusted curves that are presented
in the “Results” section. We have developed programs that readers can
download from the Internet13 for implementing the corrected group prognosis
method in SAS, STATA, and S-Plus.

ates method then the corrected group
prognosis method.

Clinical Variable
Men
Age ⱖ 65 y
Hypertension
Prior myocardial infarction
Hyperlipidemia
Congestive heart failure
Prior PTCA
Prior thrombolytic therapy
Chronic lung disease
Prior CABG
Peripheral vascular disease
Cerebrovascular disease
GI or liver disease
Neoplastic disease
Creatinine ⱖ2.3 mg/dL‡
Dialysis dependent
Coronary anatomy
Normal
1 to 2 VD
2 VD+pLAD
3 VD
3 VD+pLAD
Left main
Missing
LV ejection fraction, %
⬎50
30-50
⬍30
Not measured
Missing
Indication for catheterization
Stable angina
Myocardial infarction
Unstable angina
Other

Prevalence
in Diabetic
Patients
(n = 1959)
1314 (67.1)
995 (50.8)
1289 (65.8)
1096 (56.0)
768 (39.2)
467 (23.8)
257 (13.1)
184 (9.4)
193 (9.9)
186 (9.5)
237 (12.1)
152 (7.8)
55 (2.8)
61 (3.1)
118 (6.0)
49 (2.5)

Prevalence
in Nondiabetic
Patients
(n = 9509)
6820 (71.7)
4277 (45.0)
4626 (48.7)
4603 (48.4)
3584 (37.7)
1082 (11.4)
1089 (11.5)
1065 (11.2)
676 (7.1)
662 (7.0)
493 (5.2)
415 (4.4)
272 (2.9)
241 (2.5)
139 (1.5)
69 (0.7)

107 (5.5)
844 (43.1)
62 (3.2)
447 (22.8)
270 (13.8)
175 (8.9)
54 (2.8)

1137 (12.0)
4718 (49.6)
304 (3.2)
1451 (15.3)
962 (10.1)
622 (6.5)
315 (3.3)

1.0
1.8 (1.2-2.8)
2.5 (1.4-4.3)
2.8 (1.8-4.4)
3.5 (2.3-5.5)
4.1 (2.6-6.4)
3.1 (1.8-5.3)

875 (44.7)
495 (25.3)
124 (6.3)
75 (3.8)

5159 (54.3)
1787 (18.8)
382 (4.0)
307 (3.2)

1.0
1.6 (1.3-2.0)
3.5 (2.7-4.5)
3.4 (2.5-4.5)

390 (19.9)

1874 (19.7)

1.7 (1.4-2.1)

334 (17.1)
348 (17.8)
418 (21.3)
859 (43.9)

1647 (17.3)
1646 (17.3)
1776 (18.7)
4440 (46.7)

...
...
...
...

Hazard Ratio in
Survival Model,
(95% CI)†
0.8 (0.7-0.9)
1.6 (1.4-1.9)
1.2 (1.0-1.4)
...
0.8 (0.7-0.9)
2.2 (1.9-2.6)
...
...
1.5 (1.2-1.8)
1.2 (1.0-1.5)
1.3 (1.1-1.6)
1.7 (1.3-2.1)
...
...
2.6 (2.0-3.3)
...

*CI indicates confidence interval; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass graft surgery; GI, gastrointestinal; VD, vessel disease; pLAD, proximal left anterior descending artery involvement; and LV, left ventricle.
†Ellipses indicate that the variable was not statistically significant at Pⱕ.05 in the multivariable survival analysis.
‡To convert to µmol/L, multiply by 88.4.
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Figure 1. Adjusted Survival Curves Using the Mean of Covariates Method
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Figure 2. Adjusted Survival Curves Using the Corrected Group Prognosis Method
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Reproduced with permission from Ghali et al.12

higher prevalence of various clinical risk
variables.
The unadjusted survival estimates to
1044 days of follow-up (the last day on
which a death occurred) were 86.8%
and 93.2% for patients with and without diabetes, respectively (P⬍.001). The
unadjusted hazard ratio for diabetes was
2.0 (95% confidence interval [CI],1.72.3), and with adjustment, the hazard
ratio decreased to 1.2 (95% CI, 1.0-1.4).
To graphically represent this decrease, we first applied the mean of covariates method and found that the adjusted curves fell above the unadjusted
curves for patients with and without
diabetes (F IGURE 1). Adjusted survival to 1044 days was 94.1% and
94.9%, respectively, according to the
mean of covariates method.
1496

FIGURE 2 presents the results of the
corrected group prognosis analysis. In
this instance, the adjusted survival
curves are more appropriately positioned between the unadjusted curves,
with survival at 1044 days of 91.3% and
92.4%, respectively.
COMMENT
The marked discrepancy between the results of these 2 statistical analyses undoubtedly relates to the previously described limitations of the mean of
covariates method.1,2 These include the
assignment of mean covariate values between 0 and 1 for dichotomous variables (eg, 0.07) that are meaningless at
the individual level and the recognition that the method calculates the
hazard for a hypothetical average
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individual rather than a populationaveraged value.
A simple explanation for the discrepant results is that the averaging of covariate values occurs at different parts
of the proportional hazards survival
function. In the mean of covariates
method, the averaging occurs within the
function’s exponent, whereas it is actual survival curves that are averaged
in the corrected group prognosis
method. We present an analogous example for clarification: the mean of the
numbers 1, 1, and 4 is equal to 2. If we
then put this mean value in the exponent of the base number 10 (ie, 102),
the result is 100. In contrast, if we calculate the mean of 101, 101, and 104, the
result is 3340. The first calculation represents averaging within an exponent—
analogous to the mean of covariates
method. The second example corresponds to the type of averaging that occurs in the corrected group prognosis
method (ie, averaging of expressions
that include exponents).
To further explore the circumstances under which distortion of curves
is likely to be greatest, we conducted sensitivity analyses for which we controlled for only 1 covariate at a time. This
allowed us to determine that the distortion of the mean of covariates method
is greatest when the covariate(s) being
controlled for is prevalent in the database and when the hazard ratio(s) associated with the covariates is large.
This statistical report provides an important message to researchers, readers, and journal editors. Researchers
should consider abandoning the mean
of covariates method despite its relative simplicity and the availability of
macros for its implementation in some
statistical packages. The limitations of
the method are described,1,2 and this
case report demonstrates how misleading curves can arise.
Readers of the medical literature need
to recognize that caution is necessary
when interpreting adjusted survival
curves that are presented without corresponding unadjusted curves. Caution is also required when articles fail
to mention the method used to calcu-
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late adjusted curves or when authors explicitly state that the mean of covariates method was used. Journal editors
and reviewers should also take note of
this issue when reviewing papers that
present adjusted survival curves.
Although the corrected group prognosis method is more complex, we provide an Internet site13 from which programs can be downloaded for use in
SAS, STATA, or S-Plus. The programs
are easy to use and can be applied either to a sample database provided on
the Web site or to other databases. We
hope that these programs and our report will heighten awareness regarding this important statistical issue.
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