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Standardization is one of the oldest statistical techniques for
the analysis of epidemiological data. It is largely used to
fairly compare populations while accounting for the con-
founding effect of e.g., different age structures [1, 2]. Most
textbooks describe two principal approaches to standard-
izing rates: the so-called direct and the so-called indirect
method. During the 1980’s, however, Miettinen [3] and
Rothman [4] argued that there is actually any distinction
between the two methods, and in 2002, Rothman explic-
itly defined the term “indirect standardization” a misnomer
because the two approaches are mathematically equivalent
[5]-

Both the direct and the indirect approaches are math-
ematically identical in that each method computes a
weighted sum of age-specific rates; the only difference lies
in the source of the weights: direct standardization uses a set
of standard population weights (person-years) [6], whereas
indirect standardization applies as weights the person-years
observed in the exposed population (see supplementary
material for the algebra).

As standard population you might choose:

a) an external population, for example the Segi-World
population [7] or the Old European standard popula-
tion; [8]

b) one of the populations you are comparing or their
combination.
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When the distribution of person years of an exposed popula-
tion is assumed as the standard, the ratio of the standardized
rates is called standardized incidence ratio (SIR) [6] and this
way of standardizing is traditionally called the “indirect”
standardization [9-11].

In practice, epidemiological text books [12], and major
statistical packages — such as SAS® — continue to employ
this terminology: direct standardization for the calculation
of directly standardized rates and indirect standardization
for the calculation of the standardized incidence ratio (SIR).

The aim of this research letter is to emphasize again the
misleading terms “direct” and “indirect” and show with an
example how to use SAS® to obtain SIRs while applying the
method of the direct standardization in place of the tradi-
tional indirect formulation producing identical results.

Methods

We used data on stomach cancer in Cali (Columbia) and
North Rhine-Westphalia (NRW, Germany) together with the
corresponding population figures for the period 20132017
obtained by the International Agency for Research on Can-
cer [13].

Analyses were performed in SAS® as described below.

a) We first calculated age-standardized incidence rate
ratios for Cali and NRW (Reference), using the Old
European Population as the standard [8].

b) Next, we calculated the SIR for Cali with NRW serving
as the reference population, i.e. the conventional indi-
rect method.

c) Finally, we derived the identical SIR by the direct option
of SAS®, employing the age-specific person-years from
Cali (conceptually the “exposed” group) as the weight-
ing set.
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Table 1 Number of stomach cancer cases among males, person years and crude incidence rates in Cali (Columbia) and North Rhine-Westphalia

(Germany), 2013-2017

Age group Cali North Rhine-Westphalia

(years) Number of stomach Person-years Crude rates Number of stomach Person-years Crude rates
cancer cases per 100.000 cancer cases per 100.000

person-years person-years

0-19 0 1,879,110 0.0 2 8,630,574 0.0

20-39 74 1,886,884 39 133 10,853,391 1.2

40-59 351 1,305,887 26.9 1,972 13,425,892 14.7

60-79 585 523,822 111.7 5,505 8,725,513 63.1

>80 206 68,998 298.6 2,343 1,808,240 129.6

Total 1,216 5,664,701 21.5 9,955 43,443,610 22.9

Results wording clarifies the analytical choice without relying on

In the period 2013-2017 crude incidence rates of 21.5
and 22.9 per 100,000 PY were observed in Cali and NRW
respectively (Table 1). The crude rate ratio was 0.94 (95%
confidence interval: 0.89-0.99). This result is counterintui-
tive, as one might expect higher incidence rates in a region
of the Global South compared to those of the Global North,
given the higher prevalence of risk factors for stomach can-
cer in the former. However, this pattern is due to the differ-
ent age structures characterizing the two populations, with
prevailing higher percentages of younger in Cali than NRW.

a. After age standardization using the Old European popu-
lation as the standard, the rate ratio increased to 1.90
(95% CI: 1.79-2.02) (Supplementary material, step a).

b. The SIR obtained using the “indirect” option equaled
1.91 (95% CI: 1.81-2.02) (Supplementary material,
step b).

c. Applying the “direct” option (i.e. using the Cali age-spe-
cific person-years as the weighting set) produced an
identical SIR of 1.91 (95%CI: 1.80-2.03) (Supplemen-
tary material, step c).

Discussion

In the present contribution we illustrated that in statistical
software like in SAS® “direct” and “indirect” options can
be used interchangeably to obtain standardized mortality
or incidence ratios. Indeed, students of epidemiology are
taught that the direct and the indirect method are mathe-
matically equivalent as long as an internal standard is used.
Yet, some statistical software packages used by epidemiolo-
gists have perpetuated this misnomer in their terminology.
The time is now ripe, for us teachers of epidemiology and
for developers of statistical software packages, to revise
this terminology. We propose that, instead of using the
labels “direct” and “indirect”, authors simply describe the
source of the weights employed in the standardization. This
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ambiguous terms.
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