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ABSTRACT

Key words

Objectives. This study evaluates the quality (completeness and accuracy) of cause-of-death
(COD) statements in infant death certificates as entered into a vital records system and as-
sesses its impact on infant mortality statistics in Hermosillo, Sonora, Mexico.

Methods. COD statements in a systematic random sample of 200 infant death certificates
were compared to their corresponding medical charts. The underlying CODs (UCODs) orig-
inally recorded in each death certificate were contrasted with those assigned by an expert re-
viewer. Coding for the original and “new” UCODs was based on the three-digit category of
the International Classification of Diseases, 10th Revision. Measurements of agreement be-
tween the two sets of UCODs were calculated and logistic regression was performed to deter-
mine factors associated with agreement.

Results. Overall agreement between the original and new UCODs was 52%. Agreement
was excellent for the group of deaths due to congenital malformations, deformations, and chro-
mosomal abnormalities (kappa = 0.77); substantial for conditions originating in the perinatal
period (kappa = 0.74); and poor for certain infectious and parasitic diseases, and respiratory
diseases (kappa = 0.35). Overestimation (false-positive reporting) was highest (13%) for peri-
natal conditions, while underestimation (false-negative reporting) was highest (71%) for cer-
tain infectious and parasitic diseases, and respiratory diseases. Agreement was associated with
type of UCOD (endogenous versus exogenous) and time of death.

Conclusion. More than half (53%) of COD statements in infant death certificates in Her-
mosillo were inaccurately completed, which may lead to inaccurate interpretation of causes of
infant mortality. Systematic assessments of the quality of COD statements may improve the
quality of mortality statistics.
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In most countries, death certificates
constitute the largest disease-related
source of information at the national,
state, and local levels and thus have a
significant effect on public health re-
search and policy-making (1-3). Many
middle-income countries, including
Mexico, have established vital registra-
tion systems to compile their mortality

statistics. However, the utility and qual-
ity of the data generated from these sys-
tems has seldom been evaluated. Studies
on the quality of death registration sys-
tems usually compare information on
death certificates with data from other
sources, such as autopsies, medical
charts, or evaluation by expert reviewer
panels, to determine the completeness
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and accuracy of the death-certificate data
(4-8). To date, few such studies have
been undertaken in Mexico (9-11).

In Sonora, a state in northwestern
Mexico, cause-of-death (COD) state-
ments reported in a standard format
following World Health Organization
(WHO) guidelines (12) are systemati-
cally entered into a digital database
known as the Epidemiologic and Statisti-
cal Mortality System (SEED) (13). This
article reviews the completeness and ac-
curacy of COD statements recorded in
a systematic random sample of infant
death certificates and assesses the impact
of inaccurate COD statements on mortal-
ity statistics in Hermosillo, the capital
city of Sonora, Mexico.

MATERIALS AND METHODS

A medical record review was carried
out in 2005 to investigate the complete-
ness and accuracy of COD statements in
death certificates from the period 2002-
2003 entered into the SEED database of
the city of Hermosillo in Sonora, Mexico.
Hermosillo comprises an urban area,
with an estimated population of 666 959
for the year 2003, plus a surrounding
sparsely populated rural area. During
the period 2002-2003, 23 858 births and
365 deaths of infants aged less than 1
year were registered in Hermosillo hos-
pital facilities. Of the 365 corresponding
death certificates, 314 met the study in-
clusion criteria (i.e., they listed a perma-
nent address within the urban area of
Hermosillo and their COD statements
had been entered into the SEED database
during 2002-2003). Of these 314 eligible
death certificates, 200 were selected for
study through systematic random sam-
pling. All 200 death certificates included
in the study sample were recorded at
three public hospitals in the urban area
of Hermosillo.

The 200 selected death certificates
were reviewed for completeness and ac-
curacy. On an accurately completed
death certificate, both the UCODs (the
conditions that triggered the diseases, in-
juries, or complications leading to death)
and the ICODs (the immediate or final
complication resulting from the UCODs)
are recorded in Part I (the “COD” por-
tion) of the medical section of the death
certificate (14, 15), while “other signifi-
cant conditions” (those contributing to
death but not resulting in its underlying
causes) are recorded in Parts II and III

(16). For this study, a death certificate
was considered to be inaccurately com-
pleted when any of the following oc-
curred: (a) CODs were ill-defined or
recorded as “unknown” in Part I; (b) an
erroneous COD sequence was recorded
in Part I (i.e., anything other than ICODs
recorded on line “a” and UCODs re-
corded on lines “b,” “c,” and “d”); (c) a
UCOD or ICOD was recorded in Part II;
(d) abbreviations were used in Part I; (e)
“other significant conditions” related to
the death were recorded in Part I; (f) in-
cidental findings (i.e., miscellaneous
notes about the death) were recorded in
Parts I or II; and/or (g) missing data in
any part of the death certificate (12, 17).

The first step of the review included
abstraction of the 200 original COD
statements (those extracted from the sys-
tematic random sample of 200 death cer-
tificates). The codes for the original
UCODs were based on the three-digit
category of the International Classifica-
tion of Diseases, 10th Revision (ICD-10).
Next, two physicians, blinded to the
original COD statements, abstracted rel-
evant COD information for each dece-
dent from the corresponding medical
chart of the hospital where the death oc-
curred. Abstraction was done using a
standardized form, and the physicians
were trained in the WHO selection rules
(guidelines) for completing Part I (the
“COD” portion) of the medical section of
the death certificate. Subsequently, ex-
pert reviewers examined the physician-
assigned COD statements and the origi-
nal COD statements and determined the
correct UCODs (henceforth known as
the “new” UCODs), resolving any dis-
crepancies between the two sets of COD
statements by checking the correspond-
ing medical charts. The new UCODs
were then coded by the Sonora Health
Department based on the three-digit cat-
egory of the ICD-10.

Both the original and new UCODs
were classified into two categories: en-
dogenous causes (including neoplasms;
blood diseases; endocrine, nutritional,
and metabolic diseases; certain condi-
tions originating in the perinatal period;
and congenital malformations, deforma-
tions, and chromosomal abnormalities),
and exogenous causes (including respi-
ratory infections, infectious and parasitic
diseases, and accidents and other exter-
nal CODs) (18).

The original UCODs (those from the
2002-2003 death certificates) were then

Rev Panam Salud Publica/Pan Am | Public Health 25(2), 2009

Original research

compared to the new UCODs (those de-
termined by the expert reviewers) to
measure concordance between the two
sets of data, with the new UCODs used
as the “gold standard” for all subsequent
analyses. To measure concordance be-
tween the original and new UCODs, the
rate of overall agreement, percent posi-
tive agreement (number of occurrences
for which both data sets report a positive
result), false-positive reporting, and
false-negative reporting, and the kappa
coefficient (the rate of agreement ad-
justed for agreement that may have
occurred by chance) were estimated
(19-22). Kappa values greater than 0.75
were considered excellent agreement be-
yond chance, whereas values from 0.61
to 0.74 were considered substantial
agreement; those from 0.41 to 0.60 were
considered moderate agreement; and
those below 0.40 were considered poor
agreement (20, 22). False-positive and
false-negative rates higher than 10% and
40%, respectively, were considered un-
acceptably high based on previous re-
ports (1, 19, 23). Agreement between the
original and new UCODs was deter-
mined based on the ICD-10 definitions.

To evaluate the effect of inaccurately
completed COD statements on infant
mortality statistics, age-adjusted mortal-
ity rates were estimated using the new
UCODs and compared with the original
estimated age-adjusted rates (those based
on the original UCODs). To illustrate
the net effect of false-positive and false-
negative reporting of UCODs on infant
mortality statistics, mortality rate ratios
(MRRs) (the ratios of rates determined
according to the original UCODs versus
those determined according to the new
UCODs) were estimated for infants aged
less than 28 days (perinatal period) and
infants aged more than 28 days (post-
neonatal period) (19).

Descriptive statistics were used to an-
alyze additional information gathered
from the death certificates, including
type of personnel who certified the death
(attending physician versus “other” phy-
sician); medical insurance enrollment
(“yes” versus “no”); type of hospital
(facility for uninsured versus facility for
insured); type of UCOD (exogenous ver-
sus endogenous); and time of death
(morning, evening, or night, based on
standard time frames of 7 am to 2:30 pm,
2:31 pm to 9:30 pm, and 9:31 pm to
6:59 am, respectively, adjusted according
to any differences in specific hospital
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shifts). The association between these
variables and the probability of agree-
ment between the original and new
UCODs was then analyzed using logistic
regression. Backward stepwise regres-
sion was used to determine the statisti-
cally significant factors to be included in
the final model. All statistical procedures
were performed using the statistical soft-
ware SAS (version 8.2, SAS Institute,
Inc., Cary, North Carolina, USA). For all
statistics, an alpha level of 0.05 and 95%
ClIs were used.

RESULTS

Of the 200 infant deaths reviewed,
82% occurred in the perinatal period,
and 92% were attributable to endoge-
nous causes. Most of the deaths (76%)
were certified by a physician other than
the attending physician, 52% of the de-
ceased did not have any medical insur-
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ance, and 58% of the deaths occurred in
Pediatric Hospital at Sonora State, a pub-
lic hospital for the uninsured.

Based on the study criteria, 53%
(n = 106) of the death certificates were
inaccurately completed: 40% had an
erroneous COD sequence (i.e., reversal
of “underlying” versus “immediate”
causes) in Part I of the medical section;
8% had UCODs recorded in Part II
(versus Part I) of the medical section;
3% had missing information; and 2%
had abbreviations in Part I. The overall
rate of agreement between the original
and newly assigned UCODs was 52%
(n = 104). The rate of agreement across
categories of selected variables is illus-
trated in Table 1. Time of death (evening
or night versus morning hospital em-
ployment shift) and type of UCOD (en-
dogenous versus exogenous) both in-
creased the likelihood of agreement.
There was no significant difference in

the distribution of the rate of agreement
by sex of the deceased, type of personnel
certifying the death (attending physician
versus “other” physician), medical in-
surance enrollment (“no” versus “yes”),
type of hospital where the death took
place (facility for uninsured versus facil-
ity for insured), completeness of death
certificate (“yes” versus “no”), or age at
time of death (“less than 28 days” versus
“28-180 days” or “more than 180 days”).

As shown in Table 2, the extent of
agreement, as measured by the kappa
coefficient, was excellent for the group of
deaths due to congenital malformations,
deformations, and chromosomal abnor-
malities (kappa = 0.77); substantial for
conditions originating in the perinatal
period, and for neoplasms, blood dis-
eases, and endocrine and metabolic dis-
eases (kappa = 0.74 and 0.53, respec-
tively); and poor for certain infectious
and parasitic diseases, and respiratory

TABLE 1. Rate of agreement between original (2002-2003) and expert-reviewer (2005) cause-of-death (COD) statements for in-
fant death certificates from Hermosillo, Sonora, Mexico,? by selected characteristics

Number of COD statements
in agreement (original
and expert-reviewer)

Characteristic Deaths based on ICD-10P definitions % of agreement P-value®
Overall agreement 200 104 52.0
Sex of deceased
Male 116 63 54.3 0.44
Female 84 41 48.8
Death certifier
Attending physician 49 24 49.0 0.65
Other physician 151 80 53.0
Medical insurance enroliment
No 104 57 54.8 0.41
Yes 96 47 49.0
Hospital where death occurred
Facility for uninsured 116 66 56.9 0.10
Facility for insured 84 38 452
Type of cause of death
Endogenous? 183 100 54.6 0.01
Exogenous® 17 4 235
Completeness' of death certificate
Yes 94 52 55.3 0.55
No 106 51 48.1
Age of deceased
< 28 days 163 88 54.0 0.48
28-180 days 27 12 44.4
> 180 days 10 4 40.0
Time of death
7:00 am-2:30 pm 63 25 39.7 0.03
2:31 pm-9:30 pm 60 38 63.3
9:31 pm-6:59 am 73 39 53.4

@ All 200 death certificates included in the study sample were recorded at three public hospitals in the urban area of Hermosillo, Sonora, Mexico (2002-2003).
b International Classification of Diseases, 10th Revision (ICD-10) (World Health Organization 1993).

¢ Calculated using the chi-squared test for equal proportions across categories according to agreement (p < 0.05).

4 Includes neoplasms, blood diseases, endocrine and metabolic diseases; certain conditions originating in the perinatal period; and congenital malformations, defor-

mations, and chromosomal abnormalities.

¢ Includes infectious and parasitic diseases, and respiratory diseases.
f For this study, “accurately completed” death certificates are defined as those in which Parts |, II, and Il of the medical section are fully and appropriately filled out

according to the guidelines of the ICD-10.
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TABLE 2. Rate of agreement between original (2002-2003) and expert-reviewer (2005) cause-of-death (COD) statements for infant death certificates
from Hermosillo, Sonora, Mexico,? by main COD categories®

Deaths due to each

UCOD category
According to  According to  Number of COD
original expert- statements
(2002-2003) reviewer in agreement Rate of False- False- Kappa
Underlying COD COD (2005) COD (original and positive positive negative Kappa coefficient
based on ICD-10° definitions statement statement expert-reviewer)  agreement rate (%) rate (%) coefficient 95% ClI¢
Certain infectious and
parasitic diseases, and
respiratory diseases
(A00-B99, J00-J99) 9 17 5 23.8 22 70.6 0.35 (0.22, 0.48)
Neoplasms, blood diseases,
endocrine and metabolic
diseases (C00-D48, D50-D89,
E00-E90, G00-G99, KO0-K93) 14 11 7 38.9 3.7 36.4 0.53 (0.39, 0.67
Certain conditions originating
in the perinatal period
(PO0-P96) 135 137 127 87.6 12.7 7.3 0.74 (0.65, 0.93)
Disorders related to short
gestation and low birth weight,
not elsewhere classified (P0) 9 9 3 20.0 66.7 0.30 (0.16, 0.44)
Birth asphyxia (P21) 4 10 2 16.7 80.0 0.27 (0.14, 0.39)
Respiratory distress syndrome
of newborn (P22) 56 59 42 57.5 9.9 28.8 0.62 (0.48, 0.76)
Congenital pneumonia (P23) 10 19 8 38.1 1.1 57.9 0.52 (0.39, 0.65)
Bacterial sepsis of newborn (P36) 27 19 10 27.8 9.4 47.4 0.36 (0.23, 0.50)
Necrotizing enterocolitis of fetus
and newborn (P77) 3 8 2 22.2 0.5 75.0 0.35 (0.23, 0.47)
Congenital malformations,
deformations, and chromosomal
abnormalities (Q00-Q99) 42 34 31 68.9 6.6 8.8 0.77 (0.64, 0.91)
Other congenital malformations
of heart (Q24) 12 8 6 42.9 3.1 25.0 0.58 (0.44,0.72)

@ All 200 death certificates included in the study sample were recorded at three public hospitals in the urban area of Hermosillo, Sonora, Mexico (2002-2003).
b International Classification of Diseases, 10th Revision (ICD-10) (World Health Organization 1993).

¢ Cl = confidence interval.

diseases (kappa = 0.35). Overestimation
(false-positive reporting) was highest
(13%) for perinatal conditions, whereas
underestimation (false-negative report-
ing) was highest (71%) for certain infec-
tious and parasitic diseases, and respira-
tory diseases. When examining specific
subgroups of CODs, the false-negative
rate was high for birth asphyxia (80%),
necrotizing enterocolitis (75%), disorders
related to short gestation and low birth
weight (67%) and congenital pneumonia
(58%).

When analyzing agreement, both type
of UCOD (endogenous versus exoge-
nous) and time of death (morning [7 am
to 2:30 pm] and evening [2:31 pm to 9:30
pm] versus night hospital employment
shifts) decreased the likelihood of agree-
ment between the original and new
UCODs, as displayed in Table 3.

The age-adjusted mortality rates,
based on the original UCODs (those as-
signed by the original death certifier)
and the new UCODs, and the resulting

MRRs (the ratios of the original age-ad-
justed mortality rates to those based on
the new UCODs) for the main groups of
causes of perinatal and post-neonatal
deaths are displayed in Table 4. For peri-
natal deaths, the MRR was significantly
elevated (2.0) for the group of causes in-
cluding neoplasms, blood diseases, and
endocrine and metabolic diseases. When
the MRR was estimated for specific cate-
gories of perinatal deaths, significant
differences were observed for birth as-
phyxia (MRR = 0.4), congenital pneumo-
nia (MRR = 0.5), and necrotizing entero-
colitis (MRR = 0.4), as illustrated in Table
5. No significant differences were found
between the two sets of age-adjusted
rates for deaths due to disorders related
to short gestation and low birth weight;
respiratory distress syndrome of new-
born; bacterial sepsis of newborn; or con-
genital malformations, deformations,
and chromosomal abnormalities. For
post-neonatal deaths, the original UCODs
underestimated the incidence of infec-
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tious and parasitic diseases, and respi-
ratory diseases (MRR = 0.6) and over-
estimated the incidence of certain condi-
tions originating in the perinatal period
(MRR = 2.0) (Table 4).

DISCUSSION

The SEED database, the most impor-
tant source of data on mortality statistics
for the Sonora Health Department, is
based on COD statements from death
certificates. To date, however, no assess-
ments have been conducted to establish
the quality of its data. This study identi-
fied problems in the completeness and
accuracy of COD statements in infant
death certificates from Hermosillo. Be-
cause these COD statements are entered
into the SEED database, and Sonora in-
fant mortality statistics are derived from
the SEED data, the results of this study
suggest systematic inaccuracies may be
causing underestimation of infectious
and parasitic diseases and overestima-
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TABLE 3. Variables for final multivariate regression model? used to assess agreement between original (2002-2003) and expert-
reviewer (2005) cause-of-death (COD) statements for infant death certificates from Hermosillo, Sonora, Mexico®

Variable Regression coefficient (B) OR® 95% Cld P-value®
Type of underlying COD (1 = exogenous cause) NA' 1.0 NA NA
Type of underlying COD (endogenous cause) 1.64 5.2 (1.4,9.1) 0.01
Time of death (1 = night shift) NA 1.0 NA NA
Time of death (morning shift) 1.04 2.8 (1.3,6.3) 0.01
Time of death (evening shift) 0.77 2.2 (1.02, 4.6) 0.05

@ Backward stepwise regression was used to determine the statistically significant variables to be entered into the final model.

b All 200 death certificates included in the study sample were recorded at three public hospitals in the urban area of Hermosillo, Sonora, Mexico (2002-2003).

¢ Odds ratio adjusted by type of hospital where death occurred (facility for uninsured versus facility for insured); type of personnel certifying death (attending physician
versus other physician); age at death (less than 28 days, 28—180 days, or more than 180 days); sex of deceased; enroliment in medical insurance (“yes” versus “no”);
and completeness of death certificate (“yes” or “no,” with “completeness” defined as Parts I, I, and IIl of the medical section fully and appropriately filled out accord-
ing to the guidelines of the World Health Organization’s International Classification of Diseases, 10th Revision [ICD-10]).

d Cl = confidence interval.

¢ Calculated using the chi-squared test for equal proportions across categories according to agreement (p < 0.05).

f NA = not applicable.

TABLE 4. Comparison of estimated infant mortality rates based on original (2002-2003) and expert-reviewer (2005) cause-of-death (COD) statements
for infant death certificates from Hermosillo, Sonora, Mexico,? by main COD categories®

Number of deaths

Number of deaths

due to each Estimated due to each Estimated
UCOD category mortality rates® UCOD category mortality rates®
according to based on according to based on
original (2002— original (2002— expert-reviewer expert-reviewer Mortality rate
Underlying COD 2003) COD 2003) COD (2005) COD (2005) COD ratios
(based on ICD-10° definitions) statements statements statements statements (MRRs)¢ 95% Cle
Perinatal deaths

Certain infectious and parasitic diseases,

and respiratory diseases

(A00-B99, J00-J99) 0 0.00 1 0.42
Neoplasms, blood diseases, endocrine

and metabolic diseases

(C00-D48, D50-D89, E00-E90,

G00-G99, K00-K93) 6 25 3 1.3 2.0 (1.4, 2.6)
Certain conditions originating in the

perinatal period (P00—-P96) 130 57.2 135 58.1 1.0 (0.6, 1.4)
Congenital malformations, deformations

and chromosomal abnormalities

(Q00-Q99) 27 114 24 10.2 1.1 (0.5,1.3)

Post-neonatal deaths

Certain infectious and parasitic diseases,

and respiratory diseases

(A00-B99, J00-J99) 9 3.8 16 6.78 0.6 (0.3,0.9)
Neoplasms, blood diseases, endocrine

and metabolic diseases

(C00-D48, D50-D89, 00-E90,

G00-G99, K00-K93) 9 3.8 8 3.39 1.1 (0.7, 1.6)
Certain conditions originating in the

perinatal period (P00-P96) 4 1.7 2 0.85 2.0 (1.4, 2.6)
Congenital malformations, deformations

and chromosomal abnormalities

(Q00-Q99) 15 6.4 10 4.24 15 (1.0, 2.0)

2 All 200 death certificates included in the study sample were recorded at three public hospitals in the urban area of Hermosillo, Sonora, Mexico (2002—-2003). The denominator is the total num-
ber of births (23 951) registered during the period under study (2002—-2003).
b International Classification of Diseases, 10th Revision (ICD-10) (World Health Organization 1993).

¢ Infant mortality rate per 10 000 live births.

d Ratios of the estimated mortality rates based on the original (2002-2003) COD statements to the estimated mortality rates based on the expert-reviewer (2005) COD statements.

¢ Cl = confidence interval.

tion of conditions originating in the peri-
natal period, neoplasms, blood diseases,
and endocrine and metabolic diseases as
UCODs among infants.

In this study, it was observed that in
the 200 death certificates selected through

124

systematic random sampling, 53% of
death certificates were inaccurately com-
pleted, which may have a negative effect
on the reliability of the state mortal-
ity statistics. A number of studies (15,
23-26) have reported that most problems

with reliability of death certificates arise
from failure to complete them properly.
This failure is generally related to lim-
ited formal training of personnel in
death-certification or disease-coding
procedures (5, 15, 27). Death certificates
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TABLE 5. Comparison of estimated perinatal mortality rates based on original (2002-2003) and expert-reviewer (2005) cause-of-death (COD) state-
ments for infant death certificates from Hermosillo, Sonora, Mexico?

Number of deaths  Estimated mortality ~Number of deaths ~ Estimated mortality

according rates® according according to rates® according to
to original to original expert-reviewer expert-reviewer Mortality
Underlying COD (2002-2003) (2002-2003) (2005) COD (2005) COD rate ratios
(based on ICD-10P definitions) COD statements COD statements statements statements (MRRs)4 95% Cl®
Certain infectious and parasitic diseases,
and respiratory diseases
(A00-B99, J00-J99) 0 0.00 1 0.42
Neoplasms, blood diseases, endocrine and
metabolic diseases (C00-D48, D50-D89,
E00-E90, G00-G99, KO0-K93) 6 25 3 1.3 2.0 (1.4, 2.6)
Certain conditions originating in the
perinatal period (PO0-P96) 135 57.2 137 58.1 1.0 (0.6, 1.4)
Disorders related to short gestation
and low birth weight, not otherwise
specified (P07) 9 3.8 9 3.8 1.0 (0.6, 1.4)
Birth asphyxia (P21) 4 1.7 10 42 0.4 (0.1,0.7
Respiratory distress syndrome
of newborn (P22) 56 23.7 59 25.0 0.9 (0.6, 1.3)
Congenital pneumonia (P23) 10 4.2 19 8.1 0.5 (0.2, 0.8)
Bacterial sepsis of newborn (P36) 27 1.4 19 8.1 1.4 (0.9, 1.9)
Necrotizing enterocolitis of fetus
and newborn (P77) 3 1.3 8 3.4 0.4 (0.1,0.7)
Congenital malformations, deformations
and chromosomal abnormalities (Q00-Q99) 27 11.4 24 10.2 1.1 (0.7, 1.6)
Other congenital malformations of heart (Q24) 7 3.0 7 3.0 1.0 (0.6, 1.4)

2 All 200 death certificates included in the study sample were recorded at three public hospitals in the urban area of Hermosillo, Sonora, Mexico (2002—2003). The denominator is the total num-
ber of births (23 951) registered during the period under study (2002-2003).
b International Classification of Diseases, 10th Revision (ICD-10) (World Health Organization 1993).

¢ Perinatal mortality rate per 10 000 live births.

d Ratios of the estimated mortality rates based on the original (2002-2003) COD statements to the estimated mortality rates based on the expert-reviewer (2005) COD statements.

¢ Cl = confidence interval.

in Hermosillo public hospitals (where
95% of 2002-2003 infant deaths oc-
curred) are often filled out by medical
students and residents with little experi-
ence or training in completing death cer-
tificates (5). This study’s findings sug-
gest a need for improvement in the
training of death certifiers, particularly
medical students. As shown by Myers
(15), specific training offered to first-year
postgraduate students can lead to dra-
matic improvements in the accuracy and
correct completion of death certificate.
Analysis of the accuracy of the COD
statements indicated discordance be-
tween almost 50% of the original UCODs
and those assigned by the expert re-
viewer. This frequency of discordance is
higher than that reported in other stud-
ies investigating accuracy of COD state-
ments for children (28, 29). However,
meaningful comparison between this
study and previous studies is difficult
due to the difference in the age groups
studied (with the majority of previous
studies limited to analysis of death cer-
tificates of adolescents). The process of
death certification for infants is unique
and merits further investigation to deter-

mine the effect of various constraints
specific to death certification for this age
group that may affect the accuracy of the
corresponding COD statements, includ-
ing the tendency to misclassify (in the
study setting) certain clinical conditions
occurring among infants (e.g., respira-
tory distress syndrome and metabolic
diseases); the frequent multiplicity of dis-
eases or conditions related to the ulti-
mate cause of infant deaths; and the very
low rate of infant autopsies (30-32).
Agreement between the original and
new UCOD codes was high for endoge-
nous causes, which constitute 92% of all
infant deaths in Hermosillo. However,
there was substantial underestimation
(false-negative reporting) of exogenous
CODs, particularly of infectious diseases
such as pneumonias and diarrheas,
which may have significant implications
for public health policy and program-
ming. The study findings also suggest
specific causes of perinatal mortality
may be underestimated, including birth
asphyxia, disorders related to short ges-
tation and low birth weight, and necro-
tizing enterocolitis of fetus and newborn.
Given that in Hermosillo, 3 out of 4 in-
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fant deaths occur during the perinatal
period, it is essential for public health in-
terventions to accurately determine the
CODs in this category. This is a growing
challenge, exacerbated by the fact that
(1) most vital statistics systems in Mex-
ico have failed to establish assurance/
quality control programs linking death
certificate information with birth data,
such as mother’s obstetric history and
last pregnancy, and (2) the current death
certificate is not designed to capture
clinical or epidemiological peculiarities
occurring in the perinatal period, includ-
ing short gestational age and low birth
weight, as recommended in the ICD-10
(11, 33). Equally important is the need
to assess problems in the process of as-
signing CODs of perinatal deaths, with
particular focus on the use of codes
P20, P21, and P07 (corresponding to in-
trauterine hypoxia, birth asphyxia, and
disorders related to short gestation and
low birth weight, respectively). Future
studies in Hermosillo should focus on
determining the actual incidence of peri-
natal conditions and investigate other
potential factors associated with the risk
of death, such as deficiencies in prenatal
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care and structural flaws in neonatal
units.

Despite the fact that the false-positive
and false-negative rates in this study
were higher than reported in previous
studies (19, 23), the net effect of dis-
agreement between UCOD codes on re-
ported mortality rates for endogenous
and exogenous UCODs was not signifi-
cant. A possible explanation for this is
the compensatory effect of errors (17), in
which diseases are over-coded in some
individuals and under-coded in others
due to erroneous or missing information
on the death certificate. The second fac-
tor that could have obscured the net ef-
fect of UCOD discordance on mortality
rates as detected in this study is the
small sample size. Due to this limitation
(the potential under-representation of
the population in the study sample), no
attempt is made to interpret the results
beyond the study setting. However, the
poor agreement rates and high false-neg-
ative and false-positive rates observed
for some UCODs clearly suggest flaws in
infant death certification in Hermosillo
and therefore a high inaccuracy and low
reliability in the corresponding infant
mortality statistics.

Of all the variables analyzed for associ-
ation with inaccurate UCODs, time of
death proved to be a significant factor
(i.e., it was significantly associated with a
decreased likelihood of agreement be-
tween the original and newly assigned
UCODs), specifically the morning and
evening hospital employment shifts. This
may be due to a high proportion of less
experienced physicians and/or students

1. D’Amico M, Agozzino E, Biagino A, Simon-
etti A, Marinelli P. Ill-defined and multiple
causes on death certificates—a study of mis-
classification in mortality statistics. Eur ] Epi-
demiol. 1999;15(2):141-8.

2. Rosenberg HM. Improving cause-of-death
statistics. Am ] Public Health. 1989;79(5):
563-4.

3. Kircher T, Anderson RE. Cause of death:
proper completion of the death certificate.
JAMA. 1987;258(3):349-52.

4. Mathers CD, Fat DM, Inoue M, Rao C, Lopez
AD. Counting the dead and what they died
from: an assessment of the global status of
cause of death data. Bull World Health Organ.
2005;83(3):171-7.

5. Morton L, Omar R, Carroll S, Beirne M, Halli-
day D, Taylor KM. Incomplete and inaccurate
death certification—the impact on research. J
Public Health Med. 2000;22(2):133-7.
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filling out death certificates during those
time periods. It should be noted that type
of hospital (facility for uninsured versus
facility for insured) and type of personnel
certifying the death (attending physician
versus “other” physician) have been as-
sociated with poor agreement of UCODs
in other studies (23, 34).

Achieving accurate mortality statistics
requires accuracy in both the completion
of death certificate COD statements and
the process of assigning UCODs. There-
fore, efforts to improve mortality sta-
tistics in Hermosillo should include
analysis of the reliability of the UCOD
codification process. The SEED database
currently has limited manpower and
does not use an automated coding
process, which may have a negative im-
pact on the reliability of the resulting
mortality statistics. To improve the accu-
racy of the information from this data-
base, the SEED database could be linked
to automated software such as the Auto-
mated Classification of Medical Entities
(ACME) system developed by the U.S.
National Center for Health Statistics,
which standardizes the coding process,
reduces the need for trained manpower
(35), and serves as a helpful tool for
monitoring and evaluating the quality of
mortality statistics (36, 37).

In summary, this study found that in-
accuracies in the completion of infant
death certificates in Hermosillo are com-
mon (occurring in 53% of the study sam-
ple) and result in the registration of inac-
curate UCODs, which in turn can affect
the accuracy and reliability of local in-
fant mortality statistics. These study re-
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RESUMEN

Calidad de la consignacion
de la causa de muerte y su
impacto en las estadisticas
de mortalidad infantil en
Hermosillo, México

Palabras clave

Objetivos. Evaluar la calidad (grado de complecién y exactitud) de la consignacion
de la causa de muerte (CM) en los certificados de defuncién de nifios menores de
1 afio, segtn los sistemas de registros demogréficos, y determinar su impacto en las
estadisticas de mortalidad de menores de 1 afio en Hermosillo, Sonora, México.
Meétodos. Se comparé la consignacién de la CM en una muestra sistematica aleato-
ria de 200 certificados de defuncién de nifios menores de 1 afio con sus correspon-
dientes historias clinicas. Se contrastaron las CM subyacentes originales registradas
en cada certificado de defuncién con las CM subyacentes asignadas por un revisor ex-
perto. La codificaciéon de las CM subyacentes, tanto las originales como las asignadas,
se basé en las categorias de tres digitos de la Clasificacién Internacional de Enferme-
dades, 10.? revision. Se calcularon las medidas de concordancia entre los dos conjun-
tos de CM subyacentes y se determinaron los factores asociados con esa concordancia
mediante regresién logistica.

Resultados. La concordancia general entre las CM subyacentes originales y las asig-
nadas fue de 52%. La concordancia fue excelente en el grupo de muertes por malfor-
maciones, deformaciones y alteraciones cromosémicas congénitas (kappa = 0,77); fue
notable en los trastornos originados en el periodo perinatal (kappa = 0,74); y baja en al-
gunas enfermedades infecciosas, parasitarias y respiratorias (kappa = 0,35). La sobre-
estimacién (informes falsos positivos) fue mayor (13%) en las afecciones perinatales,
mientras que la subestimacién (informes falsos negativos) fue mayor (71%) en algunas
enfermedades infecciosas, parasitarias y respiratorias. La concordancia se asocié con el
tipo de CM subyacente (enddgena vs. exégena) y el momento de la muerte.
Conclusiones. Mas de la mitad (53%) de las consignaciones de CM en los certifica-
dos de defuncién de nifios menores de 1 afio en Hermosillo presentaban imprecisio-
nes, lo que puede llevar a interpretaciones inexactas de las causas de la mortalidad en
ese grupo de edad. La evaluacién sistemética de la calidad de las declaraciones de CM
puede ayudar a mejorar la calidad de las estadisticas de mortalidad.

Causas de muerte, mortalidad infantil, andlisis de datos, registros de mortalidad,
Meéxico.
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