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Record linkage is an established method 
of discovering and quantifying disease 
trends, associations and health service 

utilisation.1-3 In particular, record linkage 
between disease registries and administrative 
population-based health databases is an 
efficient and powerful research tool to 
investigate the medium- and long-term risks 
of cancer and death in a population.4-7 

Most countries do not have a unique, lifetime 
person-level identifier available to facilitate 
deterministic, anonymous record linkage 
between databases. Probabilistic linkage 
algorithms based on personal identifiers such 
as name, sex, and date of birth are therefore 
necessary, and give the relative likelihood 
that two records on different databases relate 
to the same individual. Probabilistic record 
linkage between good quality databases can 
achieve high linkage accuracy, for example 
false-positive and false-negative match rates 
of 1/1000 records.8 Due to privacy concerns 
and in some instances legislative constraints, 
some disease registries (particularly those for 
which there may be concerns over stigma 
related to being identified with such a 
condition, such as HIV or sexually transmitted 
infections) record only an individual’s ‘name 
code’, for example, the first two letters of 
the registrant’s first name and surname.2,9,10 
However, this method may compromise the 
utility of record linkage with these registries.

Linkage using records containing truncated, 
absent, or ambiguous name information has 
been shown to have high sensitivity (82% to 
96%) and specificity (92% to 100%).11-16 These 
studies investigated factors contributing to 
linkage accuracy by modifying the linkage 
algorithm, and generally concluded that 
probabilistic matching of such records was 
appropriate and effective, and that resultant 

measures of disease incidence or association 
were reliable. However, none of these studies 
directly compared name code linkage to full 
name linkage.

We conducted a validation study of name 
code (first two letters of first and surname) 
compared to full name record linkage 
between population-based administrative 
databases. Linkage sensitivity and specificity 
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Abstract

Objective: To examine the validity and impact of record linkage using name code compared to 
full name records.

Methods: A registry of 45,419 opioid substitution clients (1985–2007) was linked with national 
population-based death and cancer registries using registrant’s name, date of birth, sex, state, 
postcode and date of death. Records were linked using full name and then using the first two 
letters of the given and surname (2x2 name code). Sensitivity and specificity were computed 
and regression analysis used to identify factors related to linkage accuracy. Standardised 
mortality ratios (SMR) and standardised cancer incidence ratios (SIR) were estimated.

Results: The sensitivity and specificity of name code compared to full name linkage were 
65.31% and 99.91% for death records and 76.81% and 99.89% for cancer records. Registrants’ 
age and sex and accuracy of the registries were associated with risk of false linkages. Death and 
cancer risks (SMR 6.98, 95%CI 6.77–7.19; SIR 1.16, 95%CI 1.08–1.24) were significantly under-
estimated using name code linkage (SMR 4.39, 95%CI 4.23–4.56; SIR 0.92, 95%CI 0.85–0.99).

Conclusion: Record linkage using 2x2 name code has low sensitivity but high specificity, 
resulting in conservative estimates of death and cancer risk. This may translate to meaningful 
differences in outcomes. 

Key words: record linkage, name code, accuracy, validity, sensitivity, specificity, mortality, 
cancer, risk
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were estimated, the relationship between 
cohort characteristics and linkage accuracy 
examined, and the mortality and cancer risk 
estimates obtained via linkage using name 
code and full name compared.

Methods

Study population and databases
The study population included all adults 
(≥16 years) registered for opioid substitution 
therapy (OST) in New South Wales (NSW), 
Australia, in 1985–2007 (n=45,482). The 
Pharmaceutical Drugs of Addiction System 
(PHDAS) is a fully-identified administrative 
database of individuals receiving methadone 
or buprenorphine under the OST program in 
NSW. Prior to starting therapy, an individual 
must show proof of identity including 
name and date of birth to the authorised 
prescribing doctor.17 Some registrants (14%) 
had multiple names recorded in the database, 
such as an alias, a maiden or married 
surname, or the use of a middle name as a 
first name. Registrants were excluded from 
analysis where essential variables for record 
linkage were missing (e.g. date of birth; n=12, 
0.03%), or where dates were inconsistent 
(e.g. OST end date preceded OST start date; 
n=51, 0.11%), resulting in a cohort of 45,419 
registrants. The median age of the OST 
registrants was 27 years at first entry into OST 
(interquartile range 23–32).

The National Death Index (NDI) is a database 
containing full names of all individuals who 
have died in Australia from 1980. Prior to 
1997, the database contained only the year 
of birth for deaths registered in some of 
the jurisdictions (referred to herein as ‘early 
NDI’) but from 1997 the full date of birth was 
recorded nationally (referred to herein as ‘later 
NDI’). The Australian Cancer Database (ACD) 
is a fully identified database of all invasive 
primary cancers (except squamous and 
basal cell carcinoma of the skin) notified by 
mandate to the jurisdictional cancer registries 
since 1982.

Record linkage: full name
The following variables were used for the 
full name record linkage: first name, middle 
name, and surname for the primary name 
and any other recorded name, date of birth, 
gender, date of last contact (i.e. the last OST 
program start date on the PHDAS), state 
of residence, postcode of residence and 
date of death. This linkage used all name 

information recorded on the PHDAS, and 
death and cancer records. Probabilistic record 
linkage was used to identify matching record 
pairs, first with the death records and then 
with the cancer records. The date of death 
determined by linkage with the NDI was 
used in addition to the PHDAS date of death 
for linkage with the ACD. For each potential 
matching record pair, the Australian Institute 
of Health and Welfare (AIHW) REMA data 
linkage program automatically computed 
a weight that reflected the likelihood of the 
record pair being a true match. For names, 
the linkage weight was based on both the 
similarity of the recorded names between 
records and the frequency of those names in 
the database. The weights were used to rank 
the matched pairs, resulting in three groups: 
accepted matches, non-matches and possible 
matches. This was followed by a clerical 
review of the possible matches, which were 
manually examined and a decision made as 
to their status as accepted matches. The full 
name record linkage was considered the gold 
standard in this study.

Record linkage: name code
For the name code linkage, the primary name 
of each registrant in the cohort, death and 
cancer records was truncated to the first two 
letters of the first name and surname, a “2x2 
name code”. No other name information was 
used for linkage; all other linkage variables 
were identical to those used in the full name 
linkage.

Rules-based deterministic record linkage 
using SAS® software v9·2 (SAS Institute Inc., 
Cary, NC, USA) was used to identify matching 
record pairs, first with the death records 
and then with the cancer records. An exact 
match was defined as a match on name code, 
date of birth, gender and state of residence. 
Non-exact matches were also accepted if they 
met pre-defined criteria (see Supplementary 
Tables 1 and 2, available in the online version 
of this article). These criteria were based on 
the most common mismatches between 
records seen during clerical review of full 
name linkages, along with a requirement 
for matching date of death or registrant’s 
postcode between datasets. The criteria for 
exact and non-exact matches constituted 
the linkage algorithm that was coded for 
automatic application. The clerical review 
process for this linkage was thus automated 
due to the limited information provided by 
the name code.

Statistical analyses
Record linkages using the name code and 
full name cohort records were independently 
performed and the sensitivity, specificity, 
and positive (PPV) and negative predictive 
value (NPV) of the name code linkage 
as compared with the full name linkage 
(gold standard) were calculated with 95% 
confidence intervals (CIs). Sensitivity and 
specificity were also computed for cohort 
strata, including gender (male vs female), 
age at PHDAS registration (<median age 
vs ≥median age of 27 years), era of PHDAS 
registration (early NDI [pre-1997] vs later NDI 
[1997 onward]), whether the registrant had 
multiple names listed on the PHDAS (yes vs 
no), and whether there was a death recorded 
on the PHDAS (yes vs no). Sensitivity was 
defined as the percentage of true deaths or 
cancers identified by the name code linkage. 
Specificity was defined as the percentage 
of those truly alive or without cancer that 
did not link with a death or cancer on the 
respective name code linkages.

Logistic regression analyses were performed 
to examine which person-level and registry 
characteristics were associated with false-
negative or false-positive linkages. The cohort 
characteristics examined were gender, age 
(tertiles) and whether the registrant had 
multiple names recorded on the PHDAS. 
When examining factors associated with 
missed death linkages, the year of death 
was also considered. Year of registration on 
the PHDAS was examined for false deaths 
and cancers and the results of the death 
record linkage were examined to see if they 
predicted the cancer linkage results. Odds 
ratios (ORs) and Fisher’s exact 95% CIs were 
computed; if one or more strata had zero 
observations then Cornfield 95% CIs were 
estimated for those strata. Multivariable 
logistic regression was performed if more than 
one variable reached statistical significance 
(p<0.05) and no strata had zero observations.

Risk of death and of incident cancer for 
the OST cohort relative to the general 
population was estimated and compared 
for the full name and name code record 
linkage methods. Risk was estimated by the 
standardised mortality ratio (SMR) and the 
standardised incidence ratio (SIR), the ratios 
of the observed and the expected numbers 
of deaths and cancers respectively. The 
expected numbers of deaths and incident 
cancers were calculated by multiplying 
person-years at risk by Australian five-year 
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age-, sex-, state-, and calendar year-specific 
population mortality and cancer incidence 
rates respectively. For SMRs, person-years of 
follow-up accumulated from the date of first 
registration for OST and terminated at the 
date of death, age 80, or 31 December 2007 
– whichever occurred first. For SIRs, person-
years of follow-up accumulated from the date 
of first registration for OST and terminated 
at the date of first cancer diagnosis, death, 
age 80, or 31 December 2007 – whichever 
occurred first. The numbers of deaths and 
incident cancers were assumed to conform 
to a Poisson distribution. Overall and cause-
specific mortality, and overall and site-specific 
cancer risk, were calculated for each record 
linkage method for the entire cohort. An 
approximation to the Poisson distribution 
was used to calculate 95% CIs for deaths/
cancers with more than ten expected cases 
while exact CIs were used for deaths/cancers 
with fewer than ten expected cases.

Analyses were performed using SAS v9·2 (SAS 
Institute Inc., Cary, NC, USA). Person-years 
were calculated using the %stratify macro.18

The study was reviewed and approved by 
all relevant ethics committees (n=6) and 
the requirement for informed consent was 
waived because of the impracticality of 
obtaining consent from such a large number 
of participants. All linkages were performed 
by the AIHW and the researchers received 
only de-identified data.

Results

Record linkage accuracy
In the cohort of 45,419 OST registrants, 
4,286 deaths and 979 first- or higher-order 
primary cancers were identified by full name 
record linkage. The name code linkage 
identified 2,799 of these deaths, resulting in 
a sensitivity of 65.31% (95%CI 63.88–66.73%; 
Supplementary Table 3). There were 39 falsely 
linked deaths, giving a specificity of 99.91% 
(95%CI 99.87–99.93%). The PPV and NPV were 
98.63% (95%CI 98.13–99.02%) and 96.51% 
(95%CI 96.33–96.68%) respectively.

The sensitivity of the name code cancer 
record linkage was 76.81% (95%CI 
74.04–79.42%), with 227 cancers missed 
(Supplementary Table 4). Specificity was 
99.89% (95%CI 99.86–99.92%) with 48 falsely 
linked cancers. The PPV and NPV were 94.00% 
(95%CI 92.12–95.54%) and 99.49% (95%CI 
99.42–99.56%), respectively.

The sensitivity and specificity of the death 
linkage was significantly lower for individuals 
registered with the PHDAS during the early 
NDI era (<1997) compared to the later NDI 
era (≥1997; 62.98%, 95%CI 61.28–64.65% vs 
72.38%, 95%CI 69.59–75.06% and 99.85%, 
95%CI 99.79–99.90% vs 99.95%, 95%CI 
99.91–99.98% respectively; Figure 1). 
Similarly for the cancer linkage, specificity 
was significantly lower for those registered 
with the PHDAS during the early NDI era 

than during the later NDI era (99.84%, 95%CI 
99.77–99.89% vs 99.94%, 95%CI 99.90–
99.97% respectively); there was no difference 
in sensitivity (76.32%, 95%CI 73.04–79.39% vs 
78.16%, 95%CI 72.65–83.02%; Figure 2).

Missed death record linkages
In bivariable models, false negative linkages 
or missed links were more common in 
females compared to males (OR 1.31, 95%CI 
1.13–1.50) and in those with no date of 
death on the cohort registry (OR 1.79, 95%CI 
1.48–2.17; Table 1). False negatives were less 
common during the later NDI era than the 
early NDI era (OR 0.53, 95%CI 0.46–0.60). 
These associations remained significant in a 
multivariable model.

False death record linkages
NDI era was the only characteristic associated 
with falsely linked deaths; such links were less 
common in cohort members registered with 
the PHDAS during the later NDI era compared 
to the early era (OR 0.34, 95%CI 0.17–0.68).

Missed cancer record linkages
Missed cancers were more common 
in females than males (OR 1.45, 95%CI 
1.07–1.97) and for individuals with a missed 
death link (OR 6.81, 95%CI 4.35–10.7). Cohort 
members with a linked death record were less 
likely to have a missed cancer compared to 

NDI, National Death Index
Early NDI era: <1997
Later NDI era: ≥1997

Figure 1: Accuracy of death record linkage using name code compared to full 
name records.

NDI, National Death Index
Early NDI era: <1997
Later NDI era: ≥1997

Figure 2: Accuracy of cancer record linkage using name code compared to full name 
records.
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Table 1: Associations between cohort and registry characteristics and the accuracy of record linkage.

Characteristic Missed death  
(false-negative)

False death  
(false-positive)

Missed cancer  
(false-negative)

False cancer  
(false-positive)

OR (95% CI) P-value* OR (95% CI) P-value* OR (95% CI) P-value* OR (95% CI) P-value*

Sex

 Male

 Female

1.00

1.31 (1.13–1.50)

<0.01 1.00

1.91 (0.63–2.27)

0.60 1.00

1.45 (1.07–1.97)

0.02 1.00

0.81 (0.44–1.52)

0.52

Agea

 Lower tertile

 Middle tertile

 Upper tertile

1.00

0.89 (0.76–1.03)

0.83 (0.70–0.99)

0.11 1.00

1.53 (0.61–3.86)

2.29 (0.89–5.91)

0.20 1.00

1.08 (0.74–1.58)

1.08 (0.70–1.65)

0.92 1.00

2.21 (0.84–5.82)

3.78 (1.43–10.0)

0.02

Number of names on cohort registry

 More than one

 One

1.00

0.92 (0.75–1.12)

0.39 1.00

1.19 (0.47–3.05)

0.72 1.00

1.21 (0.75–1.94)

0.44 1.00

1.00 (0.45–2.23)

1.00

Death record on cohort registry

 Yes

 No

1.00

1.79 (1.48–2.17)

<0.01

Year of registration on cohort registry

 <1997

 ≥1997

1.00

0.34 (0.17–0.68)

<0.01 1.00

0.90 (0.64–1.27)

0.55 1.00

0.35 (0.19–0.66)

<0.01

Year of registration on death registry

 <1997

 ≥1997

1.00

0.53 (0.46–0.60)

<0.01

Alive after deaths linkage

 No

 Yes

1.00

1.21 (0.90–1.65)

0.21 1.00

1.40 (0.44–4.52)

0.57

Comparison of full name vs name code death record linkage

 True alive

 Missed death

 True death

 False death

1.00

6.81 (4.35–10.7)

0.01 (0.00–0.06)

0.00 (0.00–3.93)

<0.01 1.00

2.12 (0.42–6.66)

0.00 (0.00–1.47)

56.7 (6.39–234)

<0.01

OR, odds ratio; CI, confidence interval.
*P-value for heterogeneity
a: Different age definitions were required for each outcome. Namely, missed deaths = age at death; false deaths = age at cohort registration; missed cancers = age at cancer diagnosis; false cancers = age at cohort registration.

those who were correctly identified as alive 
(OR 0.01, 95%CI 0.00–0.06). A zero cell in one 
stratum precluded multivariable analysis.

False cancer record linkages
A false death ascribed after the death linkage 
was positively associated with a false cancer 
linkage (OR 56.7, 95%CI 6.39–234), as was 
registrant’s age in the oldest tertile relative 
to the youngest tertile (≥32 vs <23 years; OR 
3.78, 95%CI 1.43–10.0). False cancer linkages 
were less likely for those registered with the 
PHDAS during the later NDI era compared 
to the early era (OR 0.35, 95%CI 0.19–0.66). 
A zero cell in one stratum precluded 
multivariable analysis.

Impact of name code linkage on risk 
of death
OST registrants were at an increased risk of 
death relative to their age and sex peers in 

the population regardless of whether full 
name or name code linkage was used. For 
every cause of death examined, the SMR 
was significantly lower using name code 
linkage than full name linkage (Figure 2, 
Supplementary Table 5). For example, the 
excess risk of drug-related death increased 
30-fold among OST registrants using full 
name linkage and dropped to 20-fold using 
name code linkage.

Impact of name code linkage on risk 
of cancer
Linkage using full name records found an 
overall excess risk of cancer (SIR 1.16, 95%CI 
1.08–1.24) whereas name code linkage found 
an overall reduced cancer risk (SIR 0.92, 95%CI 
0.85–0.99; Figure 3, Supplementary Table 
6). The increased risk of cancers of the tonsil 
and vulva and non-Hodgkin lymphoma was 
statistically significant using full name linkage 

but not statistically significant using name 
code linkage. Conversely, for mouth cancer 
the increased risk was statistically significant 
for name code linkage but not for full name 
linkage. Risk of cancers of the liver, pancreas, 
unknown primary site, larynx, lung, and 
cervix and Kaposi sarcoma were statistically 
significantly increased using both full and 
name code linkages, but the magnitude of 
the risk using name code linkage was smaller. 
Similarly, there was a significantly reduced risk 
of cancers of the colorectum, breast, brain, 
thyroid, and prostate and melanoma using 
both full and name code linkage, with lower 
risk estimates when the name code linkage 
was used. These findings are driven by a net 
missing number of cancers and deaths, the 
latter of which increases the person-years of 
observation and thus leads to an increase in 
the expected numbers of events and lower 
standardised incidence ratios.

Swart et al. Article
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Discussion

Our study assessed the effect of 2x2 name 
code compared to full name linkage on two 
common and important outcome measures, 
the risk of death and the risk of cancer 
relative to the age-, sex- and year-matched 
general population. The risks of death and 
of cancer were significantly underestimated 
when name code linkage was used. The 
estimated risks for most individual cancer 
sites were lower using name code compared 
to full name linkage. These results suggest 
that missed links, or false-negatives, play 
an important role in the validity of name 
code record linkage studies and may 
lead investigators to underestimate true 
associations. As our results show, the linkage 
sensitivity may be so low as to invert the 
measures of association. The consequences 
of such confidentialisation of health records 
should therefore be weighed against their 
future research potential.

In our large cohort of predominantly young 
adult Australians, record linkage with 
national death and cancer records using a 
2x2 name code had low sensitivity but very 
high specificity and PPV when compared 
to full name record linkage. Several factors 
were associated with name code record 
linkage accuracy, including the sex and age 
of the cohort members, and the extent and 

accuracy of the information available for 
linkage, such as the completeness of date of 
birth, and the availability of date of death for 
cancer linkage.

Prior studies have investigated the use of 
restricted name or other person-level data 
for record linkage with mortality records, 
using manual review or knowledge of vital 
status to determine linkage accuracy. None 
of these studies compared the performance 
of these linkage strategies to full name 
linkage, preventing direct comparison with 
our findings. Similarly, the relative accuracy 
of simple deterministic record linkage using 
a statistical linkage key, such as the SLK-581, 
which incorporates five letters of the name 
(three letters of the family name and two 
letters of the given name), the eight digit date 
of birth, and sex of the registrant, is uncertain. 
However, the use of an SLK in addition to 
person-level data items such as area of 
usual residence and date of health care 
episode has been shown, using a stepwise 
deterministic matching algorithm, to achieve 
0.5% false positive links between aged care 
and residential/community care databases.19 
This approach also achieved a PPV of 97% 
and a sensitivity of 95% for linkage between 
hospitalisation and residential aged care 
records.20

A previous study found that the use of 
alias names may affect the quality of name 
data held on the various registers for these 
individuals.21 Kariminia et al. (2005) also 
highlighted such data quality issues as 
an obstacle to optimal linkage accuracy 
when linking a prisoner population to the 
NDI.16 However, as we found no association 
between the presence of multiple names on 
the PHDAS and linkage accuracy, this does 
not explain the high false-negative rate we 
observed. We performed sequential record 
linkage, with the results of the death linkage 
carried forward to the cancer linkage. We 
observed a higher sensitivity for the linkage 
with cancer records compared to linkage with 
death records. We hypothesise that this was 
due to greater accuracy and completeness of 
the cancer registry records due to the receipt 
of multiple notifications about an individual, 
compared to a single notification for a death 
register. Furthermore, date of death data is 
incomplete on the PHDAS and postcode data 
incomplete on the NDI.

Our multivariable analysis provided evidence 
of cohort and administrative health data 
characteristics that may significantly influence 
the rates of false-positive and false-negative 
linkages. Firstly, we observed increased odds 

Figure 3: Cause-specific risk of death among NSW opioid substitution therapy 
registrants (1985–2007) by record linkage method.

Figure 4: Site-specific risk of cancer among NSW opioid substitution therapy registrants 
(1985–2007) by record linkage method.

Cancer Validity and impact of name code record linkage
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of missed death and cancer linked records for 
females compared to males, possibly because 
of the use of maiden and married surnames 
on different registries. Secondly, missed links 
were more common when there were less 
data with which to identify links. For example, 
missed death links were more likely when 
there was no date of death on the PHDAS and 
for deaths occurring during the early NDI era, 
where only the year of birth was recorded by 
the NDI (i.e. not specific dates).

As was the case in prior studies, we observed 
a low rate of false-positive links. Registration 
on the PHDAS cohort from 1997, a surrogate 
marker for the later NDI era, was associated 
with less false death and less false cancer 
links. A false death on the NDI linkage 
strongly predicted a false cancer link, likely 
due to the carriage of erroneous death data 
into the subsequent linkage. Lastly, older age 
was predictive of false cancer links, possibly 
due to a larger pool of potential cancer 
linkages in this age group, although this 
relationship was not observed for false death 
linkages.

The results of this study provide robust 
evidence for investigators performing record 
linkage with name coded registries and 
the databases utilised in this study. Record 
linkage is recognised as an efficient approach 
in observational cohort studies and its use 
is increasing. In Australia, privacy concerns 
have resulted in name codes being used for 
some national health registries, for example 
HIV/AIDS, bone marrow transplantation 
and cystic fibrosis. Our study provides 
insight into the accuracy of linkage based 
on records confidentialised by use of a 
2x2 name code. It is likely that some of 
the registry characteristics explored here, 
such as registrant’s age, gender, and data 
completeness, are externally valid.

Limitations
This study has several limitations. Firstly, 
although registrant’s full name was used 
as the gold standard for ascertaining 
cancers and deaths, there remains scope 
for missed and false links to occur with 
this level of information and the estimates 
of sensitivity and specificity should be 
interpreted accordingly. A more accurate 
approach, linkage using a unique personal 
identification number only,22-24 directly 
addresses privacy concerns as no personally 
identifying information is required, however 

this is not available in Australia. Secondly, 
one of the administrative datasets (the NDI) 
included an era when date of birth data was 
incomplete; this unique characteristic may 
limit the generalisability of our results for 
that period of the study. Also, in geographic 
terms, the OST registrants are a relatively 
transient population. This may have reduced 
the likelihood of a record match on the basis 
of postcode. Furthermore, the PHDAS did 
not actively seek to ascertain vital status 
and cohorts with more complete date 
of death information may have superior 
linkage sensitivity. Thirdly, the PHDAS is an 
administrative register that was not designed 
for epidemiological purposes. Nevertheless, it 
is a ‘live’ register that tracks registrants as they 
enter and exit the OST program, enabling 
doctors to identify and correct any data entry 
error and incompleteness. 

The generalisability of our findings may also 
be affected by our use of the date of death 
and postcode in identifying imperfectly 
matched name code pairs – a method 
that goes some way towards objectively 
replicating the manual clerical review step 
that is possible with full names. Therefore, we 
cannot directly infer the linkage sensitivity 
and specificity of 2x2 name code linkage that 
does not incorporate such rules.

Finally, the stringency of linkage criteria may 
be adjusted in order to leverage sensitivity at 
the risk of reducing specificity, and vice versa. 
Our name code linkage used a conservative 
algorithm to optimise specificity, thereby 
minimising the likelihood of overestimating 
cancer incidence in this population. 
Researchers should consider the effect of the 
linkage algorithm on linkage sensitivity and 
specificity when working with name code 
records.

Conclusions

There is an increasing move towards the 
confidentialisation of records prior to linkage 
in Australia and internationally. This study 
demonstrates that linkage using name code 
records is likely to achieve conservative 
estimates of death and cancer risk compared 
to full name record linkage. Importantly, the 
strength of associations with outcomes such 
as death and cancer may be significantly 
underestimated, threatening scientific 
validity.
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