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Look before You Leap: Stratify before You Standardize

Bernard C. K. Choi," Nicole A. de Guia,? and Peter Walsh'

This paper presents a mathematical model to show the conditions in which age standardization can be used
to summarize age-specific rates for comparison purposes over calendar time. It shows that the conditions for
valid comparison depend on the type of measure used for comparison, that is, difference, ratio, or percent
change. If the measure for comparison is a difference of the standardized rates at two time points, then the age-
specific rates need to maintain a constant rate difference over time for the comparison to be valid. If the measure
for comparison is a ratio or percent change of the standardized rates at two time points, then the age-specific
rates need to maintain a constant rate ratio over time for the comparison to be valid. Since in reality, as shown
by our Canadian empirical data, age-specific rates do not always maintain a consistent pattern over time, it is
recommended that one should always stratify the data to look at patterns of age-specific rates before applying
age standardization. Am J Epidemiol 1999;149:1087-96.
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Age standardization is a method that is used exten-
sively in epidemiology, because the individual age-
specific rates “provide too much detailed information”
(1, p. 2). Decision makers quickly lose interest when
there is a large table of numbers. The method dates back
to 1844, when Neison suggested comparing the mortal-
ity of two communities by having the population of one
community “actually transferred” to the other commu-
nity and subjecting it to “exactly the same rate of mor-
tality as that prevailed” in the other community (2, p. 4).
This could overcome the differences in age structure in
the two communities. In modern day terminology, the
first community is the standard population, and
Neison’s method is a direct standardization method.

While age standardization might remove the con-
founding effect of age, previous studies have shown
problems with using standardized rates, even for com-
parison purposes. The choice of a standard can make a
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substantial difference in the standardized rates and
therefore affect setting priorities. Spiegelman and
Marks (3) compared mortality using the populations of
1940, 1950, and 1960 as standards and found a major
change in the age-standardized rates for stroke and
moderate change for diabetes. A study by the
Metropolitan Life Insurance Company of mortality in
the 50 American states in 1968 showed that 21 states
were ranked differently, depending on whether the stan-
dard used was the 1940 or 1970 population (4).
Feinleib (5) found that age-standardized cancer mortal-
ity rates show different degrees of increase from 1940
to 1968 when using five different standard populations,
from 10 percent using the US 1940 population to 15
percent using the 2020 population. Kleinman (6) found
that from 1980 to 1988, age-standardized cancer mor-
tality rates changed by —0.1 percent (using the US 1940
population), +1.5 percent (US 1980 population), and
+2.5 percent (US 2050 population). Rothenberg and
Hahn (7) compared the effects of eight standard popu-
lations and found that the annual percent change in age-
standardized rates for chronic obstructive pulmonary
disease ranges from -0.1 percent (US 1940 population)
to 0.4 percent (US 1980 population) and 0.7 percent (a
uniform standard). Stoto (8) found that, using the US
1990 standard, the cancer death rate increased by 6.2
percent from 1970 to 1980 but that, using the 1940
standard, it increased by only 2.3 percent.

Because of the potential problems with the choice of
standard populations, there has been renewed interest in
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studying the appropriateness of the age-standardized rate
as a summary measure and the validity of comparisons
between age-standardized rates (1). This paper examines
the conditions when age-standardized rates can be used
for secular trend analysis. A mathematical model is pro-
vided. Empirical data are given to illustrate the model.

MATHEMATICAL MODEL

The crude rate (r) in a group is the number of events
(d), such as death or disease, in a year divided by the
midyear population () (table 1),

r=dj/n. (1)

The crude rate is also the weighted average of the age-
specific rates by the current midyear population,

r=(Zr; - n)/(En) = Zr; * p; (2)

where r; is the rate at age i (or d;/n;), and p; is the pro-
portion of persons at age i in the total population in that
year (or n;/n) (table 1). Equation 2 is of interest because
it emphasizes the composite nature of the crude rate. It
also shows that the value of the crude rate depends on
the age-specific rates r, and on the age-specific distribu-
tion of the population p,. Because of this, the crude rate
is not recommended for comparison of rates between
populations, such as populations in different geographic
areas, or of rates within the same population at different
times, because of differing population distributions.
The directly age-standardized rate (') is a weighted
average of the age-specific rates, where the weights
(N)) of the corresponding age-specific rates are derived
from the age distribution of the standard population.
Division by ZN; converts any set of weights N, into a
set of proportions P; (or N;/2N,) that add to unity.
Once the population proportion weights are selected,
they are multiplied by the age-specific rates, and the
results are summed to get a weighted average (9).

TABLE 1. Notations for age-specific distributions of events,
population, and rates in a group and in the standard
population

Group Standard population
Age stratum
Event Population Rate Event Population Rate
1 d1 n, n D1 N‘ Fi1
i d. n r. D. N, R
! ' 1 ! ) '
Total d n r D N R

r=(SrN)@EN) =2r P (3)

Comparison of two age-standardized rates, rl’ and rz',
can be achieved using the following:

1. the rate difference, r,” - r,” (10),
2. the rate ratio, r,’/r," (11), or
3. the percent change, (r,) - r,)/r,” (11).

For comparison of rates over time, consider two
time points, A and B. Consider further three scenarios
with respect to the change of age-specific rates from
time A to time B:

1. constant stratum-specific rates in time A and time
B, that is, = Teo

2. constant stratum-specific rate difference, that is,
r, — I, = K, where K is a constant, or

3. constant stratum-specific rate ratio, thatis, r_ /r, =

K, where K is a constant.

The crude rate at time A is ry = (Zry; * ny;)/(Eny;).
As shown above, the crude rate at time A is also the
directly standardized rate at time A using the popula-
tion at time A as the standard, ArA’. The directly stan-
dardized rate at time A using time B as the standard
population is gry" = (Zry; « ng)/(Eng,).

The crude rate at time B is rz = (Zry * ng)/
(Eng;) = prg’. The directly standardized rate at time B
using time A as the standard population is ,rp’ =
(Zrgi * na)/(Ena).

The comparison of standardized rates at time A and
time B (table 2) may yield different results using vari-
ous measures for comparison under various scenarios
as shown below.

Scenario 1: constant stratum-specific rates, that
is, 1, =1y

The rate difference.
ats’ = ara’ = (g » 1)/ (Eng) — (Srai - nai)/ (Engy)

=0 = (Zry * ng)/(Zng) — (Zrai * ng)/(Zng)

— r ’
= B'n Bla -

The rate ratio.
_ (2" Bi * ”Ai)/ (ZnAi)

arg'fara’ = =

(Zrai * na)/(Zny)

(Zrgi * ngi)/(Eng) = o' /a1’
(2rai » ng)/(Zng;) reiEa

Am J Epidemiol Vol. 149, No. 12, 1999

610z 1snBNy ¢ uo Jasn enbonuy ap PepIsISAIUN AG G022 L/801/ZL/6Y L AOISAe-ajonIe/ale/Woo dnoo|Wapese)/:Sd)Y WOl pepeojumod



Stratify before You Standardize 1089

TABLE 2. Comparison of standardized rates at time A and time B, using the population at time A or

time B as the standard population

Measure for comparison

Standardized
rate . .
Rate difference Rate ratio % change
Using A as standard
Time A A ’ ’ ’ ’ ’ ’ ’ ’
-0 r,olr (ry — )
. ’ AA A'B A A A8 AA A A
Time B s
Using B as standard
Time A s ’ ’ ’ ’ ’ ’ ’ ’
X B4, ez "6l as [ 6a (ere AR
Time B &'a

The percent change.

(ArB’ - ArA’)/ArAI

_ (B ny)/(Cna) — (Zra; - ny)/(Eny)
(Zryi * 1)/ (Znai)

(Zry; * ng)/(Zng) — (Zry; * ng)/(Zng)

=0= (Zry; - ng)/(Zng)

= (BrB’ - BrA’)/BrA’

Therefore, when stratum-specific rates are constant
from time A to time B, comparison of standardized
rates at time A and time B using A or B as the standard
population will yield identical results regardless of
which of the three measures of comparison is used.

Scenario 2: constant stratum-specific rate differ-
ence, thatis,r_ -r = K

The rate difference.

ars’ = ara' = Crg s na)/(Eng) = Crai - )/ (Zng)
= (2K + rai) i)/ (Engg) = (Zrg » na)/(Eng) = K
= (XK + rai) * ng)/(Zng;) = (Zrai - ngi)/(Eng)

=(Zrg- nBi)/(ani) — (Zrai* ng)/ (EnBi) = prs’ — gl
The rate ratio.

AT ara| = (Zrg; » na)/(Ena)
(Zrai * na)/(Engs)

Am J Epidemiol Vol. 149, No. 12, 1999

— (Z(K + ra) - n)/ (Zny)
(Zry * n)/ (EnAi)

(K + ry) * ng
=( ( rAl) nAt) #:BrB,/BrA,.

(ErAi : nAi)

The percent change.

(ars’ — ArA’)/ArAI

_ (Zrgi * na)/(Eny) — (Sry; - np)/(Zngy)
(Zrai * na))/(Zny)

_ (CK + ra) » n4)/(Engg) — Crai » nai)/(Enai)
(Zrai * nai)/(Zny)

_ K
(Zrai * na)/(Eny;)

# (BrB' - BrA,)/BrA,'

Therefore, when differences of stratum-specific rates
are constant from time A to time B, comparison of
standardized rates at time A and time B using A or B as
the standard population will yield identical results only
when using the rate difference as a measure of com-
parison.

Scenario 3: constant stratum-specific rate ratio,
thatis, r, /r, =K

The rate difference.

ars’ = ama’ = (Zrgi* na)/(Zng) — (Sra; c na)/(Eny;)
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= (2K - rai * 1))/ (Enag) — (Zrai - na)/(Eng)

= (2(K — 1) < raic na)/(Zng) #F prs’ — pra’

The rate ratio.

rg'ara = (Zrgi + na)/(Eng)
PR (Sra e )/ (Sna)

_ (ZK 1y * ng)/(Eny;) _
(2 + na)/(Zngy)

= g7’ /pra"-

The percent change.
(ars" = ara" ) ara’

_ (Zrg » nai)/(Eng) — (Zry; = na))/(Eny;)
(Brai * na)/(Engy)

_ (ZK = 1y my(Eng) — Cra e na(Eng)
(Zra; + na)/(Zng)

=K-1

= (gr3" — 8%')/ 874"

Therefore, when ratios of stratum-specific rates are
constant from time A to time B, comparison of stan-
dardized rates at time A and time B using A or B as the
standard population will yield identical results only
when using the rate ratio or percent change as mea-
sures of comparison.

The above mathematical model demonstrates that,
since comparison of the summary measures would be
a comparison of the entire set of age-specific rates for
the two population groups, the difference, ratio, or per-
cent change in rates for the two groups should reflect
exactly the same difference, ratio, or percent change
for every age group. When the difference, ratio, or per-
cent change for age-specific rates is not consistent over
time, age standardization is not valid. It also demon-
strates that, even if the age-specific rates have a con-
stant rate difference, they should not be summarized
by age standardization if a ratio of the two standard-
ized rates would be used for comparison. Moreover, it
demonstrates that, if the age-specific rates have a con-

stant rate ratio, age standardization would be wrong if
the difference of the two standardized rates is used for
comparison.

EMPIRICAL EXAMPLES

We reviewed Canadian hospital separation data from
1971 to 1991 and found several empirical examples
demonstrating the validity of age-standardized rates
for secular trend analysis.

First, when age-specific rates are consistent over
time, age-standardized rates can be used to show the
secular trend.

Figure 1 shows that the age-specific hospital sepa-
ration rates from 1971 to 1991 for cerebrovascular
disease (International Classification of Diseases,
Ninth Revision, codes 430-438) in Canada are basi-
cally constant over time. In other words, there is no
age and calendar year interaction. In this case, the
age-standardized rates are valid. As shown in figure 2,
age-standardized rates using the 197! or 1991
Canadian population as the standard show a very sim-
ilar time trend. The crude rate, on the other hand, pre-
sents a very different time trend pattern from the stan-
dardized rates and is deceptive. Note that the crude
rate curve crosses over the 1971 standardized rate
curve in 1971 and crosses over the 1991 standardized
rate curve in 1991 (figure 2).

Second, when age-specific rates are not consistent
over time, age-standardized rates cannot be used to
show the secular trend.

Figure 3 shows the age-specific hospital separation
rates from 1971 to 1991 for asthma (International
Classification of Diseases, Ninth Revision, code 493)
in Canada. The hospital separation rates for the 0- to 1-
and for the 1- to 4-year age groups increased by about
fourfold over the 20-year period. In this case, since the
hospital separation rates increased over the years for
some age groups but stayed the same for others, a sum-
mary statistic, such as an age-standardized rate, will
conceal rather than reveal the true underlying trends
and is not valid. This is readily shown in figure 4; the
age-standardized rates for asthma using the 1971
Canadian standard population and the 1991 Canadian
standard population show distinctly different patterns.
The choice of standard population may therefore affect
priority ranking and other public health decisions.

Third, when age-standardized rates using different
standard populations show similar secular trends over
time, it does not always mean that age standardization
is valid.

The standardized hospital separation rates for chronic
respiratory disease (International Classification of
Diseases, Ninth Revision, codes 490-508 and 515-517)

Am J Epidemiol Vol. 149, No. 12, 1999
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FIGURE 1. Age-specific hospital separation rates for cerebrovascular disease (/nternational Classification of Diseases, Ninth Revision, codes
430-438), Canada, 1971-1991. Only selected age-specific curves are shown.
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FIGURE 2. Crude and age-standardized hospital separation rates for cerebrovascular disease (/nternational Classification of Diseases, Ninth
Revision, codes 430—438), Canada, 1971-1991.
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FIGURE 3. Age-specific hospital separation rates for asthma (/nternational Classification of Diseases, Ninth Revision, code 493), Canada,
1971-1991. Only selected age-specific curves are shown.
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Am J Epidemiol Vol. 149, No. 12, 1899

6102 1SnBny . Uo Jesn enbonuy ap pepisisaun Aq S0%2Z1//801/21/6¥ L AYEASqe-ajoNe/sle/Wwoo dno"olWepEDE//:Sd]Y WOy POPEOjUMOQ



Stratify before You Standardize 1093

in Canada using 1971 or 1991 standard populations
show very similar time trends from 1971 to 1991 (fig-
ure 5). This observation would have led many
researchers to believe that age standardization is valid.
However, this is not true. The age-specific rates in fact
show very different patterns across age groups over
time, with even cross-overs (figure 6). Hospital separa-
tion rates for the 0- to 1-year age group decreased over
the 20-year period, while those rates for the 80- to 84-
and 85+-year age groups increased. Cross-overs of the
rates occurred in the early 1980s. In this case, the age-
specific rates should have been reported. Any reports
based on the age-standardized rates or the crude rates
would be invalid.

DISCUSSION

This paper has provided both theoretical and empir-
ical evidence relating to concepts from the literature
regarding the validity of age standardization and of
age-standardized rates. First, it has been pointed out
that, when all the age-specific rates have “a consistent
relationship” (1, p. 3) or move in the same direction at
the same “relative magnitude” (6, p. 23), the age-
standardized rate is a valid summary measure for com-
parison. This paper, through a mathematical model,
demonstrates that the definition of a consistent relation
changes with the measure chosen for the comparison
(i.e., rate difference, rate ratio, or percent change). For
example, the age-standardized rate is a valid summary

500

measure for comparison of the absolute difference of
direct standardized rates only when all the age-specific
rates move in the same direction at the same absolute
magnitude. The algebraic consequences of age adjust-
ment under three scenarios provide theoretical evi-
dence that summary comparisons appropriate at the
rate ratio level may not be appropriate at the rate dif-
ference level. Although it is not in our data set, we
believe that a real-world scenario can be found that
satisfies the constant rate ratio criteria between age
groups and time but provides a misleading inference at
the rate difference level.

Second, it has been suggested that, “in order to com-
pare two age-adjusted rates, the same standard popula-
tion must have been used” (1, p. 3). This paper shows
that this is true only when the age-specific rates for the
two population groups being compared have a consis-
tent relation. When age is an effect modifier, compari-
son of two age-standardized rates would be invalid
even if the same standard population is used. In fact,
when age is an effect modifier, any age standardization
would be invalid. Again, by using a mathematical
model, this paper further shows the meaning of a con-
sistent relation, which depends on whether a differ-
ence, ratio, or percent change is used for comparison.

Third, it has been suggested by Curtin that, “if it is
appropriate to use age adjustment, then the resuits
should not be affected by the selection of a standard
population; but if the results can be affected by the
choice of a standard population, then it is not appropri-
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FIGURE 5. Age-standardized hospital separation rates for chronic respiratory disease (/nternational Classification of Diseases, Ninth Revision,

codes 490508 and 515-517), Canada, 1971-1991.
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FIGURE 6. Age-specific hospital separation rates for chronic respiratory disease (International Classification of Diseases, Ninth Revision,
codes 490-508 and 515-517), Canada, 1971-1991. Only selected age-specific curves are shown.

ate to use standardization at all” (12, p. 15). This paper
shows that the Curtin test to decide whether age stan-
dardization is appropriate or not may not always be
true. In some cases, such as our example of chronic res-
piratory disease, the comparison is not affected by the
choice of the 1971 or 1991 Canadian population, but
the age-specific rates show distinctly different trends
over the years, indicating that age standardization is not
valid. Curtin and Klein specified correctly a condition
in which the test becomes invalid: “The general con-
sensus of the scientific literature is that, if it is appro-
priate to standardize, then the selection of the standard
population should not affect relative comparisons.
However, standardization is not appropriate when age-
specific death rates in the populations being compared
do not have a consistent relationship” (1, p. 3).

It is evident, then, that the use of different standard
populations may lead to different perceived trends.
Therefore, the question arises as to how to choose the
correct standard population. Unfortunately, there is no
“standard” way to do this. When direct standardized
death rates were first published in reports of the
Registrar General of England and Wales in 1883, the
standard population was based on the most current cen-
sus population available, namely, the 1881 census pop-
ulation (12). The initial practice was to change the stan-
dard population every 10 years using each new census

population. However, this was problematic because of
the need to recompute historical rates to assess current
trends. At the beginning of the 20th century, England
and Wales decided to adopt the 1901 population, again
the most current census population, as “the” standard
population and to use this standard even after a new
decennial census. In the early 20th century, methods for
vital statistics analysis in the United States often fol-
lowed the lead of England and Wales. Age-standardized
rates in the first US mortality reports were based on the
standard populations of England and Wales in 1901 (13)
to provide comparability between the mortality mea-
sures produced by the two countries. In the 1940s, it
was decided that the US population was different
enough from those populations of England and Wales in
1901 that a new standard should be used. At the time,
the 1940 US population was the latest census popula-
tion available and was thus used as the standard. Since
that time, all age-standardized rates published in the US
Vital and Health Statistics series have used the 1940
population as the standard. From time to time, there
have been challenges to the use of the 1940 population
as the standard, especially when a new census becomes
available (5). In 1992, the US National Center for
Health Statistics reviewed the considerations and prac-
tical implications for implementing new standards and
adopted the recommendation that the 1940 population

Am J Epidemiol Vol. 149, No. 12, 1999

6102 1snBny 7| uo Jesn einbonuy op pepisisAlun Aq GO¥ZZL/L80L/ZL/6Y L AdRASqe-8joNe/ale/w oo dnoolwspede//:sdiy woly papeojumo(q



Stratify before You Standardize 1095

would continue to be used as the basis for calculating
age-standardized rates (14). In Canada, no official stan-
dard population has been adopted. Most standardized
rates have been using either the 1971 or 1991 Canadian
populations as standards.

Previous researchers have suggested several consid-
erations, both statistical and nonstatistical, when
choosing the standard population. There are two statis-
tical considerations. First, in the comparison among
several different populations, a “pooled” standard is
recommended for statistical reasons since it minimizes
the variance of the direct-standardized rates (15).
Second, in the comparison of trends over time, the
base-year population is recommended as a standard
(5), because statistically the difference between the
crude rates for the base-year and a subsequent year can
be decomposed into a difference of the age-specific
rates weighted by the base-year population (thus, a dif-
ference in two standardized rates with the base-year
population as a standard), a difference between the
populations in the 2 years, and a rate-population inter-
action term (10).

Three nonstatistical considerations have been pro-
posed. First, the standard population chosen should not
be considered abnormal or unnatural relative to the
populations under study (12). For example, a public
health program whose focus is youth should use a stan-
dard that gives greater emphasis to the younger popu-
lation than a program whose target is the elderly pop-
ulation (11). Second, when a decision is made to
change standards, the most current census population
should be used (5). Third, standards should not be
changed frequently, because of the possibility of enor-
mous resources needed to recompute historical figures
and the confusion caused by the publication of a set of
data that may no longer be comparable to previously
published data (16). A change in standard may make a
difference in the perception of disease burden, the
ranking of public health problems, and economic
efforts and costs (7). Because a change in the standard
can lead to a different perceived trend, this reiterates
the need for stratification before standardization. After
all, age-specific analysis is the only way to establish
whether age standardization was appropriate in the
first place.

The basic characteristics of the age standardization
rate remind us of its many limitations. The age-
standardized rate is an index number, and its magni-
tude changes with the standard population. Therefore,
the numerical value of the rate itself has no meaning.
In other words, a standardized rate is “artificial” (10)
and should be used only for comparison purposes,
such as between geographic areas, or over time (1, 17).
Furthermore, the age-standardized rate is a summary

Am J Epidemiol Vol. 149, No. 12, 1999

measure. Thus, situations can arise where such sum-
mary measures are inappropriate. For example, accord-
ing to Inskip et al. (18), if there are large variations in
the ratios of the age-specific rates between the popula-
tions, then any summary measure can give misleading
results. Therefore, researchers must be particularly
wary in time trend analysis for, if the age-specific rate
trends vary across age groups, an age and calendar time
interaction may exist, and thus summary statistics such
as the age-standardized rate may actually conceal more
than they reveal (16).
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