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Abstract

Background: There is analytical potential for multiple cause of death data collected from death
certificates. This study examines relationships of multiple causes of death as a function of factors
available on the death certificate (demographics of decedent, place of death, type of certifier,
disposal method, whether an autopsy was performed, and year of death).

Methods: Data from 326,332 Minnesota death certificates from [990—1998 are examined.
Underlying and non-underlying causes of death are examined (based on record axis codes) as well
as demographic and death-related covariates. Associations between covariates and prevalence of
multiple causes of death and conditional probability of underlying compared to non-underlying
causes of death are examined. The occurrence of ischemic heart disease or diabetes as underlying
causes are specifically examined.

Results: Both the probability of multiple causes of death and the proportion of underlying cause
compared to non-underlying cause of death are associated with demographic characteristics of the
deceased and other non-medical conditions related to filing death certificate such as place of death.

Conclusions: Multiple cause of death data provide a potentially useful way of looking for
inaccuracies in reporting of causes of death. Differences across demographics in the proportion of
time a cause is selected as underlying compared to non-underlying exist and can potentially provide
useful information about the overall impact of causes of death in different populations.

Background

In their 1986 paper Israel, Rosenberg, and Curtin [1] gave
a sort of rallying call for researchers to consider the analyt-
ical potential for multiple cause of death data collected by
the United States National Center for Health Statistics
(NCHS). Beginning with the implementation of the
Eighth revision of the ICD in 1968, the NCHS developed
and employed several computer systems to automatically
select the underlying cause for each death certificate and
to produce multiple cause of death data [2]. The resulting

multiple cause of death datasets by year are made publi-
cally available through the NCHS website.

Acknowledgment of the potential for multiple cause of
death data analysis is increasing in other countries as well
[3,4]. For example, the Australian Bureau of statistics
point out that using multiple cause of death data allows
researchers to: more comprehensively understanding and
track death due to chronic disease which do not often
appear as the underlying cause of death (e.g. Alzheimer's,
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diabetes, pneumonia), to provide better documentation
on multi-morbid associations and the strength of associa-
tions between conditions which led to death (for example
by examining the frequency of associations between dis-
eases such as diabetes and ischaemic heart disease), and to
assist in identifying problems with the process of record-
ing and coding cause of death information [4].

Multiple cause of death data has been used to look at
trends in certain diseases, e.g. HIV [5,6] and lung disease
[7], but despite its availability, surprisingly few studies
have looked at it broadly. Indeed there is no annual stand-
ard summary tabulation report of the multiple cause of
death data put out by NCHS. This may be due in part to
the overwhelming amount of information that arises
when combinations of causes of death are considered.
There are an enormous number of complex combinations
which could be summarized and perhaps it is not clear
what tables may be of general interest.

The purpose of this article is to examine some straightfor-
ward relationships of multiple causes of death as a func-
tion of factors available on the death certificate
(demographics of decedent, place of death, type of certi-
fier, disposal method, whether an autopsy was performed,
and year of death). Using all death certificates issued by
the state of Minnesota between 1990 and 1998 (326,332
deaths), the current study documents the relationship
between these factors and the associated frequency of
reporting of multiple causes of death as well as the associ-
ated frequency that a cause is considered underlying (after
data processing) given that it is mentioned on the death
certificate. The implication being that differences found
are either due to actual differences in causes of death in
these groups or due to systematic biases in the reporting
of causes of death, or a combination of both. The study
will not be able to discern which is the cause but hopes to
contribute at the very least by providing an example of the
potential relationships which can be examined with the
rich multiple cause of death data.

Methods

Data source

The data used are from the Minnesota Department of
Health Mortality Database and include entries from
326,332 individual death certificates, which represent all
deaths occurring in Minnesota during the period of 1990-
1998. Record axis codes (those codes which have been
completely data processed) are used for all analyses in this
paper rather than entity axis codes.

A brief description of the entity and record axis coding is
given here. The translation of causes of death listed on the
death certificate (see Figures 1 and 2 for the actual certifi-
cate) to the codes used for statistical analysis goes through
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many steps. As seen in Figures 1 and 2, the medical infor-
mation which focuses on the sequence of medical condi-
tions that resulted in death is provided in a two-part
format. Part I is for the conditions which directly lead to
death, and Part II is for other conditions which contribute
to death but are not directly related to the immediate
cause of death [1]. The underlying cause of death is
defined as the "(a) the disease or injury which initiated
the train of events leading directly to death, or (b) the cir-
cumstances of the accident or violence which produced
the fatal injury" [8]. The entity axis codes represent what
is actually written on the death certificate by the certifier
expressed in terms of ICD codes including an indicator of
which line the code came from and which position on the
line it came from (if more than one code was listed per
line). While the conditions listed in Part I should form a
causal sequence initiated by the underlying cause listed on
the lowest line, errors in properly completing the form
occur regularly and a reselection of the underlying cause
of death is done nationally 30-40% of the time. The deci-
sion to reselect an underlying cause other than that listed
on the lowest used line in Part I is governed by a set of
rules developed by WHO as part of the periodic revision
of the International Classification of Disease [9] and is
incorporated, along with a complex set of decision tables,
into the Automated Classification of Medical Entities
(ACME) software. The record axis codes represent a fur-
ther processing of the entity axis codes to be consistent
with the underlying cause data and more amenable to sta-
tistical tabulation and analysis. The record axis codes dis-
tinguish the ICD code selected as the underlying cause of
death and lists all additional causes of death mentioned
but does not distinguish them in terms of their ordering
or original location on the death certificate. For more
detail on entity and record access codes, see [10].

Using the record axis codes, we have for each death record:
one underlying cause of death and up to 14 non-underly-
ing causes of death (with no distinction of importance
given amongst the non-underlying). When we refer to a
cause of death and do not want to distinguish if it is
underlying or non-underlying we will refer to it as a "men-
tioned" cause of death.

In addition to listing one underlying and up to 14 non-
underlying causes of death, each death certificate also con-
tains information about the demographics of the
deceased, including age, gender, race, marital status, and
educational attainment. Also, other conditions related to
the death are recorded - place and time of death, who
completed the death certificate, if autopsy has been per-
formed and type of body disposal. Minnesota Laws and
guidelines govern the process for who and how a death is
certified under different circumstances in Minnesota. For
example when an unattended death occurs (e.g. at a
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BE COMPLETED BY 24. TIME OF DEATH 25. DATE PRONOUNCED DEAD (Month,Day, Year) 26. WAS CASE REFERRED TO MEDICAL EXAMINER/CORONER?
PERSON WHO ==l P

TYPEPRINT U.S. STANDARD
IN LOCAL FILE NUMBER CERTIFICATE OF DEATH STATE FILE NUMBER
T
BLACK INK (1, DECEDENT'S NAME /First, Middle, L ast] 2. SEX | 3. DATE OF DEATH (Month,Day., Year)
FOR
INSTRUCTIONS
| SEE OTHER SIDE | 4. SOCIAL SECURITY NUMBLR |Sa. AGE=~Last Birthday| 5b- UNDER 1 YEAR Sc. UNDER 1 DAY 6. DATE OF BIRTH (Month, | 7. BIRTHPLACE (City and State or
AND HANDBOOK Years) Months | Days Hours | Minutes Day, Year) Foreign Countryl
1 1
8. WAS DECFNFNT FVFR IN U S 9a PIACF OF DFATH (Check anly one. see instructions on other side]
EDE ARMED FORCES? HOSPITAL: OTHER:
(Yes or noj — [ npatient [ erioutpatient [[100A | = [ Nursing Home [ Residence (] Other (Specifys
9b. FACILITY NAME //f nat institation, give street and imiber) 9¢. CITY. TOWN, OR LOCATION OF DEATH 9d. COUNTY OF DEATH
10. MARITAL STATUS - Married,| 11, SURVIVING SPOUSE 12a. DECEDENT'S USUAL OCCUPATION 12b, KIND OF BUSINESS/INDUSTRY
“* Never Married. Widowed. (if wife, give maiden name) (Give kind of werk dene during most of working lifc.
4 Divorced (Specify) Do not use retired.)
§ Suw -
£ EB
2 Sa
E & £ =>-| 13a. ALSIDENCE-STATE |13b. COUNTY 13c. CITY, TOWN, OR LOCATION 13d. STREET AND NUMBER
" wI
L5 £5
ﬁ 5 EZ 13e. INSIDE CITY|13f. ZIP CODE 14. WAS DECEDENT OF HISPANIC ORIGIN? 15. RACE—American Indian, 16. DECEDENT'S EDUCATION
gg wo LIMITS? {Specify No or Yos If yes, specify Cuban, Black, White, etc. (Specify only highest grade completed)
§ g (ves or nol h::mmn Puerta Rican, etc ) T No Yes (Specify) Elementary/Secondary (0-121[College (1-4 or 5+
\ Specity.
&3
oe W‘I 7. FATHER'S NAME {First, Middle, Last) 18. MOTHER'S NAME (First, Midole, Maiden Surname)
£
B
13a. INFORMANT'S NAME (Type/Print) 19b. MAILING ADDRESS (Street and Number or Rural Route Number, City or Town, State, Zip Code]
H
] 200. METHOD OF DISPOSITION 20b. PLACE OF DISPOSITION (Nume of cemnetery, crematory, or | 20¢. LOCATION—City or Town, State
; other place)
2 [ uriat [ Cremation [ Removal from State
E
b ] oonation Otlwr (Specify)
| DISPOSITION . x
@ 21a. SIGNATURE OF FUNERAL SERVICE LICENSEE OR 21b. LICENSE NUMBER 22 NAME AND ADDRESS OF FACILITY
B PERSON ACTING AS SUCH fof Licenseel
~  SEE DEFINITION
£ ON OTHER SIDE >
z
z Complete items 23a<c only | 238- To the best of my knowledge, death occurred at the time, date, and place stated. | 23b. LICENSE NUMBER 23c. DATE SIGNED
Y PROND when certifying physician is Month, Day, Year)
L P 0 not available at time of death
2 to certify cause of death Signature and Title .
% ITEMS 24-26 MUST
z
5
g
z
2
T
z

(Yes or no)
PRONOUNCES DEATH L]
27. PART I. Enter the diseases, injuries, of complications that caused the death. Do not enter the mode of dying, such as cardiac or respiratory IApplnlimate
arrest, shock, or neart failure. List only one cause ¢n each line. Interval Between
Onset and Death
e IMMEDIATE CAUSE (Final |
2 )
: mse?se or cnnm:on —_— 5 !
H resulting/in deathi DUE TO (OR AS A CONSEQUENCE OF):
= SEE INSTRUCTIONS h
3 ON OTHER SIDE list b L
¢ Honrry bamilrmo Bnmisciacy DUE TO (OR AS A CONSEQUENCE OF) T
2 cause. Enter UNDERLYING |
H CAUSE (Disease or injury . N
that initiated events DUE TO [OR AS A CONSEQUENCE OF) !
I resulting in death) LAST !
2 s I
; CAUSE OF PART Il Other significant conditiens contributing to death but not resulting in the underlying cause given in Part I. 28a. WAS AN AUTOPSY |28Bb. WERE AUTOPSY FINDINGS
z DEATH PERFORMED 7 AVAILABLE PRIOR TO
H HYesTano) COMPLETION OF CAUSE
2 OF DEATH? (Yes or nol
2
H
r
; 29. MANNER OF DEATH 30a. DATE OF INJURY | 30b. TIME OF |30c. INJURY AT WORK? | 30d. DESCRIBE HOW INJURY OCCURRED
(Month, Day. Year) INJURY Ve !
E E Natural D Pending on ey Yoar e
3
2 1. accieni Investigation M
§ I:] Suicige ] couia not be |30e. PLACE OF INJURY —At home, farm, street, factory, oftice |30f. LOCATION (Street and Number or Rural Route Number, City or Town, State)
T building, etc. (Specify)
;‘ D Homicide Oereimied
5 ¢ 31a. CERTIFIER
a - 5
SEE DEFINITION (Chock onty ) GERTIFYING PHYSICIAN (Physician certitying cause of death when another has death and c od Itom 23)
ON OTHER SIDE ons) To the best of my knowledge, death occurred due to the cause(s) and manner as stated.
| ] PRONOUNCING AND CERTIEYING PHYSICIAN (Physician both pranouncing death and certifying to cause of death)
To the best of my knowledge, death occurred at the time, date, and place, and due to the causels) and manner as stated.
|| MEDICAL EXAMINER/CORONER
On the basis of examination and/or investigation, in my opinion, death occurred at the time. date. and place. and due to the causa(s) and manner as statad
31b. SIGNATURE AND TITLE OF CERTIFIER 31c. LICENSE NUMBER 31d. DATE SIGNED (Month, Day, Year)
32. NAME AND ADDRESS OF PEHSON WHO COMPLETED CAUSE OF DEATH (ITEM 27) (Type/Print)
33. REGISTRAR'S SIGNATURE 34. DATE FILED (Monrh,Day. Year/
PHS-T-003

Figure |
US standard certificate of death. Line 27 Part | and Part Il are where the causes of death are listed.
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INSTRUCTIONS FOR SELECTED ITEMS

item 9.— Place of Death
If the death was pronounced In 2 hospital, check the box indicating the decedent's status at the institution finpatient, emergency room/outpatient, or dead on arrival (DOA! death was pronounced

elsewhere, check the box indicating whether pronouncement occurred at a nursing home, residence, or other location. If other is checked, spacity where death was legally pronounced, such as
a physiciar’s office, the place whee the sccident occurred, or dt work,

lteme 13-af. - Residonce of Decedont

Residence of the decedent is the place where he or she actually resided. This is not necessarilly the same as ‘home State,” or “legal residence.”” Never enter a temporary residence such as one
used during a wisit, business trip, or a vacation Place of residence during a tour of military duty or Juring attendance at college is not considered as temperary and should be considered as the
place of residence.

If a decedent had been living in a facility where an individual usually resides for a long period of time, such as a group home. mental institution. nursing home. penitentiary. ar hospital foz the chronical
Iy ill, report the location of that facility in items 13a through 131,

If the decedent was an infant who never resided at home, the place of residence is that of the parentis) o legal guardian. Do not use an acute care hospital’s location as the place of residence for any infant.

Items 23 and 31 — Medical Certification

The PRONQUNCING PHYSICIAN is the person who determines that the decedent is legally dead but who was not in charge of the patient’s care for the illness or condition which resulted in death.
ftems 23a rough 23c are to be completed only when the physician responsible for completing the medical certification of cause of death (item 271 is not available at time of death to certify
cause of death. The pronouncing physician is respansibie for completing only items 23 through 26.

The CERTIFYING PHYSICIAN is the person who determines the cause of death (item 27). This box should be checked only in those cases when the person who is ing the medical cer
of cause of death is not the person who pronounced death {ltem 23). The certifying physician is respunsible for completing iterms 27 through 32.

The PRONOUNCING AND CERTIFYING PHYSICIAN box should be checked when the same person is responsible for completing Items 24 through 32, that is, when the same physician has both
pranounced death and certified the cause of daath. If this box is checked, items 23a through 23c should be left blank

The MEDICAL EXAMINER/CORONER box should be checked when investigation is recuired by the Pnst Martem Fxamination Act and the cause of death is completed by 2 medi
coroner. The Medical Examiner/Coraner is responsible for completing items 24 through 32.

~al examiner or

Item 27. — Cause of Death
The cause of death means the disease, abnormality, injury, or poisoning that caused the death, not the mode of dying, such as cardiac or respiratory arrest, shack, or heart failure.

In Part |, the immediate cause of death is reported on line {a). Antecedent conditions, if any, which gave rise 1o the cause are reported on lines (b}, ic), and id}. The underlying cause, should be
roported on the last line used in Part |. No entry is necessary on lines (b, (c}, and [d) if the immediate cause of death on line (a) describes completely the train of events. ONLY ONE CAUSE SHOULD
BE ENTERED ON A LINE. Additional lines may be added If necessary. Provide the best estimate of the interval between the onset of sach condition and death. Do not leave the interval blank;
it unknown, so0 specify

In Part i, enter other important diseases or conditions that may have contributed to death but cid not result in the underlying cause of death given in Part |

See examples below.

" z7. PART I 1 fhe disguses, ijuries, ur complications thet caused the death Do nol enter the mode ot dying. SUCh as Carciac or respiratory II Approximete Interval
arrest, shock. or heart failure. List only one cause on each line Bétwaen Onset and
IMMEDIATE CAUSE (Final I e
diansa ce condition s Rupture of myocardium Mir
resultng in geatn) o p y | 8.
DUE TO (OR AS A CONSEQUENCE OF) i
SEE INSTRUCTIONS SRl 2 i s
pecliedlgends b et s » __Acute myocardial infarction . 6 days
# any. lsading 10 immediote DUE TO (OR AS A CONSEQUENCE OF - !
cause. Enter UNDERLYING L, : : 'O
CAUSE (Dimoase or inry .. _Chronic ischemic heart discase _L S ycars
tha! iated evonts DUE TO (OR AS A CONSEQUENCE OF) |
tesulting in death} LAST
" |
— ~ ]
PART Il Other significant conditions contributing ta death but nat resulting in The Underlying cause given in Part | 28a. WAS AN AUTOPSY | 28b. WERE AUTOPSY FINDINGS
- PERFORMED? AVAILABLE PRIOR TO
. . . . . o ol COMPLETION OF CAUSE
Diabetes, Chronic obstructive pulmonary disease, smoking R OF DEATH? /Yes or ol
Yes Yes
2@. MANNER OF DEATH 30a. DATE OF INJURY 308. TIME OF 30c. INJURY AT WORK? | 304. DESCRIBE HOW INJURY OCCURRED
{Month, DayYear| INJURY Yes or o)
K3 newrel [ Pending
| Fsesisai Investigation M
[ suicide [} Could not bo | 30s. PLACE OF IRJURY —At home, farm, stveat, factory. aff co | 30f. LOGATION (Stret and Number o Rural Route Nurber. Gy of Town, State)
1] Homicise Deininied building, ctc. (Specity)
(" 27, PART I Enter the diiossut m}u" : of complications that caused the death. Do not enter the mode of eying. such 35 cardiac or respiratory “ Approximate Intervel
srrest, shack, or hesrt feilure. List only one cause on esch line. Betwoen Onset and
IMMEDIATE CAUSE (Final 1I Death
thelaporodiion. g Cerebral laceration 110 mins.
resulting in death) .
DUE TO (OR AS A CONSEQUENCE OFI: i
SEE INSTRUCTIONS: 0 o 1 3
en skull fractur 10 mins.
ON OTHER SIDE Sequentially list canditions. L P fure t
W any, leading 1o immediats DUE TO (OR AS A CONSEQUENCE OF); :
cause Entar LNDERI YING £ 1 .
CAUSE (Disease or injury i, Automobile accident 10 mins.
that nitiated events DUE TO (OR AS A CONSEQUENCE OF i
resulting in death) LAST E
4 !
PART Il Qrhar significant conditions <ontributing te death but nal resulting n the underlying sause given in Part | 2Rs. WAS AN AUTOPSY | 286, WERE AUTOPSY FINDINGS
== = PERFORMED? AVAILABLE PRIOR TO
I¥es orno)l COMPLETION UF CAUSE
OF DEATH? (Yes o no)
No No
28. MANNER OF DEATH 30s. DATE OF INJURY [ 30b. TIME OF |30c. INJURY AT WORK? | 30d. DESCRIBE HOW INJURY OCCURRED
(Month.Day, Year) INoURY Yes o )
[ Natust [ Pending
B Accidone  "estowtion | 11/15/85 Ip. m No 2-cur collision—driver
O suiicide O Could ot he | 30 :UI\CE OF INJ;RY—M home. farm, sueet. factary, office | 306, LOCATION iSweet snd Number or Rural Route Number. City or Town. State)
ilding. etc. fSpecify! . "
\  [] Homiciaa  Dotermimed Street Route 4, Raleigh, North Carolina

Figure 2
This figure displays the backside of the certificate of death. Details are given for filling out specific lines.
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Table I: Percent of all deaths (n = 326,332) by each covariate. Probability of reporting multiple causes of death given covariate,
marginal percent by category, and adjusted odds ratios of reporting multiple causes of death given covariates.

% of death by

% with multiple COD Odds Ratio (95% CI) !

categories by categories
DEMOGRAPHIC
Age 0-24 3.0 61.7 |
25-44 4.6 69.0 1.38(1.31-1.45)
45-64 133 62.1 1.01(0.97,1.06)
65-84 47.8 69.4 1.41(1.35,1.47)
85+ 313 71.8 1.58(1.51,1.65)
Sex Female 50.3 68.6 |
Male 49.7 69.3 1.11(1.09,1.13)
Race White 96.4 68.9 |
Black 1.7 67.5 1.15(1.078,1.22)
Native American 0.9 745 1.54(1.41,1.69)
Asian 0.5 65.0 1.04(0.94,1.16)
Hispanic 0.5 66.6 1.13(1.01,1.26)
Education? High school 324 68.1 |
Below High School 443 71.3 1.03(1.01,1.05)
Above High School 233 66.6 0.94(0.92,0.96)
Marital Status Married 41.0 67.4 |
Single 12.7 68.0 1.08(1.05,1.11)
Widowed 385 71.1 1.09(1.07,1.11)
Divorced 7.8 68.2 1.12(1.08,1.15)
DEATH RELATED
Autopsy No 77.8 69.0 |
Yes 9.4 74.4 1.57(1.52,1.62)
Unspecified 12.8 64.7 0.85(0.83,0.87)
Certifier Physician 82.0 69.2 |
Coroner 12.6 70.2 1.23(1.19,1.26)
Osteopath 1.4 753 1.27(1.183,1.37)
Other/Unknown 4.1 57.8 0.61(0.59,0.63)
Disposal method Burial 76.3 70.1 |
Donation 0.3 69.7 1.02(0.89,1.17)
Removal 1.5 47.1 0.35(0.33,0.37)
Cremation 20.5 66.8 0.94(0.93,0.96)
Unknown 1.4
Death place Hospital Inpatient 35.2 734 |
Residential 19.1 58.7 0.48(0.47,0.49)
Nursing home 355 70.6 0.77(0.76,0.79)
ER 5.5 65.5 0.64(0.61,0.66)
Unknown 4.7

I Odds ratios are odds of having multiple causes of death given particular category as compared to odds in reference category. Odds ratios are
obtained from logistic regression and are mutually adjusted for all other variables.

2Education is listed only for population where age>25.

persons residence) a medical examiner's investigator must
arrive at the scene. The medical examiner will contact the
last attending physician asking about past medical history
of the decedent and most likely cause of death. When an
attending physician has seen the decedent within 90 days
and the death is natural, jurisdiction is usually given to the
physician to certify the death. Sudden or unexpected
deaths due in part to any factor other than natural disease
must be referred to the medical examiner's office. Autop-
sies are performed at the discretion of the medical exam-

iner but can also be performed for any death at the request
of the immediate family.

The underlying and non-underlying causes of death
derived from the death certificate, in this study, are coded
according to the 9t revision of International Classifica-
tion of Disease (ICD). The specific ICD9 codes are
grouped into standard reporting of cause of death catego-
ries resulting in a total of 107 different causes of death. In
this study, individuals are dichotomized as having multi-
ple causes of death (i.e. at least one non-underlying cause)

Page 5 of 13

(page number not for citation purposes)



BMC Medical Research Methodology 2005, 5:4

http://www.biomedcentral.com/1471-2288/5/4

0.76

0.74

0.72

0.7

—e— physician

0.68

—&— coroner

_*

0.66

0.64

0.62

0.6 T T T T T T
1990 1991 1992 1993 1994

Year

Figure 3
Interaction between certifier and year.

1995

1996 1997 1998

or not having multiple causes of death (i.e. only having an
underlying). In addition, because heart disease is the lead-
ing cause of death and diabetes is a good example of a dis-
ease which often shows up as a non-underlying cause of
death, this research investigates two sub -populations: 1)
Individuals that have ischemic heart disease (ICD-9: 410
- 414) mentioned as a cause of death (n = 79,833), and
2) Individuals that have diabetes mellitus (ICD-9: 250)
mentioned as a cause of death (n=27,181). For both sub-
populations, a dichotomous variable is created to indicate
whether the mentioned disease is coded as the underlying
cause of death or not.

Data analysis

Descriptive statistics including total numbers and propor-
tion of all deaths (n = 326,332) in each of the covariate
categories are reported as well as proportions of people
within each covariate category who have multiple causes
of death. In order to examine the association between
each covariate and the dichotomous outcome of multiple

causes of death, logistic regression is used to mutually
adjust each factor for the others. 95% confidence intervals
of odds ratios are reported. Trends in multiple cause of
death reporting across time are investigated graphically.

Similarly, descriptive statistics including total numbers
and proportions will be presented for the two sub-popu-
lations with ischemic heart disease (n = 79,833) or diabe-
tes mellitus (n = 27,181) mentioned either as underlying
or non-underlying cause of death. Logistic regression is
used and 95% confidence intervals are reported to exam-
ine factors that are associated with each of these diseases
being reported as underlying cause of death rather than
non-underlying.

Results

Overall, 68.9% of the 326,332 deaths from 1990-1998
had at least one non-underlying cause of death in addi-
tion to the underlying cause (i.e. have multiple causes).
There was a noticeable decreasing trend of reporting mul-
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Table 2: Based on Minnesota death records (n = 326,332) from 1990-1998. Top 25 causes of death ranked by underlying and any
mention cause of death. Top 25 causes of death for only those deaths where only one cause was listed (i.e. n = 101,423 deaths).

ranked by underlying number of % all  rankeded by any number of  %all  ranked by cause number of % of deaths
cause deaths with  deaths mention deaths with  deaths when only one deaths with  with only
underlying cause cause cause as  one cause
cause mentioned mentioned only one  mentioned
cause
I Ischemic Heart 61540 0.1886 Other diseases of 88502 0.2712 Ischemic Heart 13753 0.1356
Disease the Heart Disease
2 Cerebrovascular 26413 0.0809 Ischemic Heart 79833 0.2446 Other diseases 8862 0.0874
Disease Disease of the Heart
3 Other diseases of the 22566 0.0692 Cerebrovascular 43885 0.1345 MN of Trachea, 8157 0.0804
Heart Disease Bronchus &
Lung
4 MN of Trachea, 18476 0.0566 Symptoms & ill- 42196 0.1293 Cerebrovascular 7602 0.0750
Bronchus & Lung defined conditions Disease
5  Pneumonia — except 12465 0.0382 Other mental 38565 0.1182 Symptoms &iill- 6459 0.0637
newborn disorders defined
conditions
6  Other COPD 11114 0.034] Pneumonia — 31312 0.0960 Other mental 3494 0.0345
except newborn disorders
7  Other mental 10120 0.0310 Diabetes mellitus 27181 0.0833 MN of Breast 3360 0.0331
disorders
8  Diabetes mellitus 7959 0.0244 Hypertension 26036 0.0798 MN of Intestine, 3218 0.0317
without heart not rectum
disease
9  MN of Intestine, not 7388 0.0226 Other COPD 25872 0.0793 Pneumonia — 3131 0.0309
rectum except newborn
10 Diseases of the 7181 0.0220 MN of Trachea, 19896 0.0610 MN of Other & 3042 0.0300
arteries, veins & Bronchus & Lung unspecified sites
pulmonary circulation
Il MN of Breast 6646 0.0204 MN of Other & 19386 0.0594 MN of Prostate 2380 0.0235
unspecified sites
12 Symptoms &ill-defined 6488 0.0199 Diseases of the 19180 0.0588 Other COPD 2332 0.0230
conditions arteries, veins &
pulmonary
circulation
13 Transportation 5809 0.0178 Other diseases of 17943 0.0550 MN of Pancreas 2313 0.0228
accidents — Motor the digestive
Vehicle system
14 Other diseases of the 5777 0.0177 Pneumoconiosis & 17728 0.0543 Diseases of 1758 0.0173
digestive system other resp. arteries, veins &
Diseases pulmonary
circulation
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Table 2: Based on Minnesota death records (n = 326,332) from 1990-1998. Top 25 causes of death ranked by underlying and any
mention cause of death. Top 25 causes of death for only those deaths where only one cause was listed (i.e. n = 101,423 deaths).

15 Other disease of the 5714 0.0175 Other disease of 16799 0.0515 Other 1701 0.0168
Nervous System and the Nervous Neoplasms of
Sense Organs System & Sense lymphatic &
Organs Hematopoietic
tissue
16 MN of Prostate 5669 0.0174 Chronic and 16065 0.0492 Alzeimer 1536 0.0151
Unspec. Nephritis Disease
& renal failure &
renal sclerosis
17 MN of Other & 5504 0.0169 Arteriosclerosis 13879 0.0425 Other disease of 1477 0.0146
unspecified sites the Nervous
System & Sense
Organs
18  Suicide 4435 0.0136 Transportation 10367 0.0318 Residual, 1300 0.0128
accidents — Motor Undefined
Vehicle
19 MN of Pancreas 4136 0.0127 Medical 10299 0.0316 MN of Brain, 1292 0.0127
complications & other nervous
misadventures
20 Residual, Undefined 4135 0.0127 MN of Intestine, 9116 0.0279 Leukemia, & 1271 0.0125
not rectum Aleukemia
21 Pneumoconiosis & 4028 0.0123 Septicemia 8790 0.0269 Perinatal 1206 00119
other resp. Diseases conditions
22 Accidental falls 4010 0.0123 Suicide 8740 0.0268 MN of Ovary, 1124 0.0111
Fallopian tube,
Broad ligament
23 Alzeimer Disease 3757 0.0115 MN of Breast 8704 0.0267 Other diseases 1079 0.0106
of the digestive
system
24  Other Neoplasms of 3584 0.0110 Other genito- 8382 0.0257 Suicide 990 0.0098
lymphatic & urinary disease
Hematopoietic tissue
25 Leukemia, & 3440 0.0105 MN of Prostate 8369 0.0256 MN of Kidney 955 0.0094

Aleukemia

tiple causes of death over the 9 year period from 1990 to
1998 with 74.0% in 1990 consistently dropping down to
64.8% in 1996 and remaining around 66% until 1998.
Table 1 presents the marginal percentage of individuals in
each demographic and death related category as well as
the proportions and adjusted odds ratios of having multi-
ple causes of death by each of the covariates. The youngest
(<25) and oldest (85+) age groups had the lowest and
highest percent of multiple causes of death (61.7% and
71.8%, respectively). Interestingly, the age group from
45-64 did not have higher odds of having multiple causes
than the young (<25) group. The percentage of men with

multiple causes of death reported was slightly higher
(1%) than that of women. Individuals over 25 years old
with less education had a higher percentage of multiple
causes of death (71.3%) compared to those with higher
education (66.6%). The most pronounced difference with
respect to demographics was found in race categories,
with Native American having the highest percentage of
multiple cause of death (74.5%), compared to 68.9% of
white.

For places of death, hospital in-patient (73.4%) and nurs-
ing home (70.6%) had the highest probability of report-
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Table 3: Population with Ischemic Heart Disease mentioned on death certificate (N = 79833). Marginal percent by category,
conditional percent with ischemic heart disease as underlying given that it is mentioned by category and odds ratios of ischemic heart
disease being reported as underlying cause when it is mentioned given covariates.

% of deaths by category

DEMOGRAPHIC
Age 0-44

45-64

65-84

85+

Female

Male

White

Black

Native American
Asian

Hispanic

High school
Below High School
Above High School
Married

Single

Widowed
Divorced

Sex

Race

Education?

Marital

DEATH RELATED
Autopsy NO

Yes

Unspecified
Physician

Coroner

Osteopath
Other/Unknown
Burial

Donation

Removal

Cremation
Unknown

Hospital Inpatient
Residential

Nursing home

ER

Unknown

Certifier

Disposal method

Death place

1.7
12.4
53.0
328
45.2
54.9
97.9
0.8
0.7
0.3
0.3
29.1
49.1
21.8
44.9
82
40.0
6.9

778
10.5
1.7
79.5
152
1.5
3.8
78.9
0.3
1.6
18.0
1.2
36.1
20.1
27.9
1.4
4.5

% with heart disease as Odds Ratio (95% CI)'

underlying

80.0 |

81.8 1.2 (1.03,1.36)

76.1 0.84 (0.74,0.95)
76.8 0.87 (0.77,1.00)
76.3 |

77.8 0.95(0.91,0.99)
77.2 |

71.8 0.78(0.66,0.94)
69.7 0.55(0.45,0.66)
772 1.12(0.81,1.56)
722 0.79(0.59,1.06)
76.3 |

779 1.07(1.03,1.11)
76.5 1.02(0.97,1.07)
775 |

79.7 1.25(1.16,1.33)
75.9 1.04(0.99,1.09)
779 1.13(1.05,1.22)
76.9 |

78.0 0.91(0.86,0.97)
77.8 1.12(1.06,1.18)
755 |

84.3 1.34(1.25,1.42)
80.9 1.25(1.07,1.46)
81.0 1.23(1.13,1.35)
773 |

75.3 0.74(0.56,0.98)
85.3 1.74(1.48,2.05)
66.8 0.95(0.91,0.99)
729 |

90.5 1.83(1.74,1.93)
712 0.83(0.79,0.87)
83.2 1.67(1.39,1.97)

I Odds ratios are odds of having ischemic heart disease as underlying rather than contributing given particular category as compared to odds in
reference category. Odds ratios are obtained from logistic regression and are mutually adjusted for all other variables.

2Education is listed only for population where age>25.

ing multiple causes of death, and residence had the lowest
percentage (58.7%) (Table 1). Between different types of
body disposal methods, "removal", which refers to mov-
ing the body outside of the US, had the lowest percentage
(47.1%) of reporting multiple cause of death. For deaths
that had autopsy performed, there was an increased odds
of 1.57 that multiple causes of death would be reported.
In terms of different types of medical examiners, the dif-
ference was less than 1% (69.2% vs. 70.1%) marginally
between physician and coroners, the two most frequently
seen types of examiners, but examining this difference

across time (Figure 3) found an interesting interaction
effect in the trend. The physicians showed a decrease in
multiple cause of death reporting while the coroners
stayed constant or slightly increased over the decade.
Table 2 provides reference for the 25 leading underlying
causes of death and leading mentioned causes of death in
this dataset. It also lists the leading causes of death which
occur on death certificates only reporting an underlying
cause of death with no non-underlying. The top four
causes based on only one cause certificates are the same as
the overall top four causes. But it is interesting that the
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Table 4: Population with Diabetes mentioned on death certificate (N = 27181). Marginal percent by category, conditional percent with
diabetes as underlying given that it is mentioned and odds ratios of diabetes being reported as underlying cause when it is mentioned

given covariates.

% of deaths by category

% with diabetes as
underlying given that it
was mentioned

Odds Ratio (95% CI)!

DEMOGRAPHIC
Age 044 2.3
45-64 13.2
65-84 59.5
85+ 249
Sex Female 51.7
Male 48.3
Race White 954
Black 2.0
Native American 1.5
Asian 0.5
Hispanic 0.7
Education? High school 31.2
Below High School 47.8
Above High School 21.0
Marital Married 43.6
Single 8.5
Widowed 40.2
Divorced 7.7
DEATH RELATED
Autopsy No 83.3
Yes 5.5
Unspecified 1.3
Certifier Physician 85.0
Coroner 10.0
Osteopath 1.5
Other/Unknown 35
Disposal method Burial 79.2
Donation 0.3
Removal 1.1
Cremation 18.3
Unknown 1.1
Death place Hospital Inpatient 348
Residential 18.8
Nursing home 374
ER 6.4
Unknown 2.6

51.7 I
345 0.51(0.43,0.60)
27.7 0.37(0.32,0.43)
28.4 0.39(0.33,0.45)
30.2 I

283 0.92(0.86,0.97)
28.9 I

36.5 1.19(0.98, 1.43)
410 1.42(1.136,1.76)
27.2 0.88(0.59,1.30)
36.6 1.33(0.978,1.82)
30.1 I

28.0 0.99(0.93,1.06)
30.8 1.03(0.96,1.11)
27.8 I

343 1.25(1.13,1.38)
29.0 1.09(1.01,1.16)
335 1.11(0.99,1.23)
283 I

228 0.70(0.62,0.80)
39.4 1.49(1.37,1.62)
29.7 I

242 0.69(0.62,0.77)
30.4 1.03(0.81,1.29)
343 1.23(1.08,1.42)
28.6 I

25.0 0.84(0.51,1.39)
37.0 1.46(1.143,1.87)
314 1.06(0.99,1.14)
25.2 I

30.9 1.29(1.19,1.41)
327 1.57(1.47,1.68)
283 1.15(1.02,1.29)

I Odds ratios are odds of having diabetes as underlying rather than contributing given particular category as compared to odds in reference
category. Odds ratios are obtained from logistic regression and are mutually adjusted for all other variables.

2Education is listed only for population where age>25.

fifth leading cause in this category is "Symptoms and ill-
defined conditions" which typically are assigned as the
underlying cause only if the sole cause listed.

The results presented so far explored how covariates may
be correlated with multiple causes of death being
reported. The following results pertain to the conditional
probability that a particular cause of death (ischemic hear

disease or diabetes) is selected as underlying given that it
is mentioned. Results for the subpopulations with
ischemic heart disease or diabetes mentioned are shown
in Table 3 and Table 4, respectively.

Table 3 gives the odds ratio of ischemic heart disease
being selected as underlying cause of death when it was
mentioned as a cause, given the covariates main effect.
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Overall 77.1% of the time that heart disease was men-
tioned as a cause, it was selected as the underlying cause
of death. The 45-65 year age group had the highest prob-
ability of heart disease being codes as underlying when it
was mentioned (81.8%). Males had a slightly lower prob-
ability than females to have heart disease as underlying
cause of death when it was mentioned on the death certif-
icate. Furthermore, Blacks and Native Americans were less
likely to have heart disease coded as underlying cause of
death when it was present on the certificate as compared
to Whites. Individuals that had an autopsy performed
were less likely (0.91 odds ratio) to have ischemic heart
disease selected as underlying when it was mentioned. If a
physician is the death certifier, the probability of selecting
heart disease as underlying cause of death is relatively the
lowest when compared to coroner, osteopath and other
and unknown certifiers. Amongst body disposal methods,
the probability for heart disease to be reported as underly-
ing cause was the lowest if bodies were donated (OR = .7
with "burial" as baseline category), and highest if bodies
were removed (OR = 1.7). Finally, for those individuals
who had heart disease mentioned on their death certifi-
cate, patients who died at a residence (not a nursing
home) were most likely to have ischemic heart disease
selected as the underlying cause of death (90.5% or an
OR= 1.8 compare to hospital in-patient).

Unlike Ischemic heart disease, only 29.3% of deaths with
diabetes mentioned on the certificate had it selected as the
underlying cause of death. While only 2.3% of deaths
with diabetes mentioned occurred in the youngest age
group (0-44 years), (Table 4) this group has a much larger
probability of having diabetes be the underlying cause
compared to non-underlying (51.7% reported as underly-
ing). Men were less likely to have diabetes selected as
underlying when it is mentioned on the certificate than
women. Blacks and Native Americans both have signifi-
cantly higher odds (OR = 1.2 and 1.4, respectively) of dia-
betes being the underlying cause given that it was
mentioned as compared to Whites. The role of autopsy is
that it was less likely diabetes was reported as underlying
(OR = 0.7) when one was performed than if one was not.
Moreover, if a coroner was the death certifier, diabetes was
less likely to be reported as underlying. An increase in the
reporting of diabetes as underlying was found for deaths
that were removed. Finally, deaths occurring outside of
the hospital inpatient setting all show increased odds of
diabetes being selected as the underlying cause of death
when it has been mentioned.

We also examined what other leading causes of death
showed up as underlying when ischemic heart disease or
diabetes was mentioned on the certificate. As mentioned
above, 77.1% of the individual with ischemic heart dis-
ease mentioned on their death certificate had it reported

http://www.biomedcentral.com/1471-2288/5/4

as the underlying. The second most common underlying
cause of death when ischemic heart disease was men-
tioned was, in fact, diabetes (3.4% of the time underly-
ing), followed by cerebrovascular disease (2.7% of the
time underlying), then pneumonia (1.5% of the time
underlying). When we focus on the population that has
diabetes mentioned on the death certificate, as mentioned
above 29.3% of the time diabetes is selected as the under-
lying, and the second most common underlying cause
selected is ischemic hear disease at 25.4%, followed by
cerebrovascular disease at 7.75% then followed by Other
diseases of the heart 2.9%.

Discussion

Distinct differences in the frequency of multiple causes of
death were found across time, age, race, disposal method
and place of death. Definitive explanations for the differ-
ences cannot be given based on this study, but it is of
interest to consider plausible explanations which may
motivate further investigation. The increased reporting of
non-underlying causes of death as the age of the decedent
increases is likely due to actual increases in co-morbidity
with age, hence would be explained by actual differences
in the causes of death.

The differences found in reporting of multiple causes of
death for the other factors may be partly due to systematic
reporting biases. According to the NCHS All Mortality
Altas [[11], p. 3], the quality of cause of death determina-
tion in the US is affected by the accuracy and complete-
ness of information - from medical diagnosis to final
coding and processing of underlying cause of death.
Although since 1968 the automated selection of the
underlying cause of death has helped to reduce coding
and processing errors, the completeness and accuracy of
the information supplied on the certificate and the
decedent's medical diagnosis remain as potential sources
of error. If the certifier enters only one underlying cause
and no other causes, then that cause will have to be
selected as the underlying and there will not be multiple
causes of deaths for that record. It is interesting to note
that "Symptoms and ill-defined conditions" is the 5t
most commonly reported cause of death to be the only
cause of death listed on the certificate. This reporting of it
as the only cause of death pushes it up to be the overall
12th Jeading cause of death. If almost any other cause
would be listed simultaneously on the death certificate,
this code would not end up as underlying.

The decreasing trend in reporting multiple causes over the
decade may be reflective of a gradual change in the proce-
dures of death certification. It would be of interest to con-
sider this trend across different states and longer periods
of time including shifts from one ICD coding system to
the next.
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Previous literature offers various plausible explanations to
what contributes to the inaccuracy of reporting causes of
death. The cause of death reported on the death certifi-
cates depends on a person's disease history that leads to
death [12]. If a person dies after a long, well-characterized
illness, the cause of death on the certificate is likely to be
more accurate than a sudden or unobserved death. Also,
when lack of adequate information on the decedent's
disease history, the more narrowly characterized the cause
of death on the certificate, the more likely it is to be in
error. If we assume that reporting multiple causes on the
death certificate can be considerd a proxy for level of
familiarity of the death certifier with the patient, we
would expect that a death which occurs in a hospital or
nursing home would be more likely to have multiple
causes reported, possibly due to a better documentation
of disease history. On the other hand, death at the ER and
in particular at the person's residence, which is conceiva-
bly often sudden should show a much lower percentage of
multiple cause of death reporting. Analysis results from
this current study match such speculations, supporting
the argument that a good understanding of disease history
is crucial. Still another result that supports this conclusion
is the fact that performing autopsy, which gain better
understanding of the disease condition, increased the
probability of reporting multiple cause of death.

Gender and race can also play a role in the accuracy of
reporting. Lloyd [13] showed that positive predictive
value of the death certificate tended to be lower in women
than in men. Although no large differences were seen
between men and women with respect to frequency of
multiple causes, there was a higher percentage of multiple
causes reported for Native Americans. It is conceivable
that the high percentage of multiple cause of death
observed for Native Americans might be associated with
the geographic factors of concentrated residence and the
unique practices of local clinics. Moreover, results (not
shown) indicate differences exist across counties of Min-
nesota in the reporting of multiple causes of death ranging
from 50% to 80%. These results support suggestions for
better standardized training for physicians and coroners.

Similar to the case of reporting multiple cause of death,
the selection of ischemic heart disease and diabetes as
underlying compared to non-underlying differs across the
several factors considered. The implications of these dif-
ferences across demographics are that mortality rates
would be differentially affected when underlying cause of
death is used compared to any mention cause of death.
For example, for diabetes we might conclude that diabetes
is being under-reported in Whites compared to Blacks,
Native Americans and Hispanics if only underlying cause
of death were considered since the proportion of diabetes
as underlying to mentioned is substantially lower in

http://www.biomedcentral.com/1471-2288/5/4

Whites. This is not to say there is any inaccuracy in the way
it is being coded but it points out where multiple cause of
death reporting will provide a different perspective than
underlying.

Nevertheless, studies have shown the sensitivity and pos-
itive predictive value of the death certificate are particu-
larly poor with regard to stroke and diabetes [14].
Furthermore, Lloyd [13] concluded that physicians may
use coronary heart disease as a "default" cause when fac-
ing some unknown cause of death cases. The fact that
individuals with autopsy performed have lower probabil-
ity of having heart disease selected as underlying when it
is mentioned might suggest that heart disease is often
over-assigned as the default disease when no further med-
ical details are available. This is further demonstrated by
the very high ratio of ischemic heart disease being coded
as the underlying compared to non-underlying cause of
death when the death occurred at the person's residence.

As mentioned in the introduction, one limitation of this
research is the fact that there is no outside panel of experts
who decide independently what the true causes of death
are for each decedent, thus whether the associations we
found are due to actual differences or reporting bias can-
not be discerned. Therefore, this study cannot provide
sensitivity or specificity per se, but it aims to identify fac-
tors that are associated with variability in reporting multi-
ple cause of death and that perhaps contribute to
inaccuracy in reporting underlying cause.

Conclusions

There is much to be learned from multiple cause of death
data. It provides ways of looking at mortality data that go
well beyond the typical examination of underlying cause
of death. Future research is needed to understand further
what the greatest concerns are about the accuracy of
reporting causes of death. Multiple cause of death data
have the potential to help point out potential concerns in
the accuracy as well as provide a more complete picture of
mortality for causes which are frequently not recorded as
the underlying cause of death.

Competing interests
The author(s) declare that they have no competing
interests.

Authors' contributions

MW conceived of the study and wrote most of the manu-
script. JH performed the statistical analysis and wrote part
of the manuscript. JO provided access to the data and col-
laboration regarding processes underlying data collection.
DD provided details about cause of death reporting and
collaboration regarding processes underlying data collec-
tion. All authors read and approved the final manuscript.

Page 12 of 13

(page number not for citation purposes)



BMC Medical Research Methodology 2005, 5:4

References

1. Israel RA, Rosenberg HM, Curtin LR: Analytic potential for mul-
tiple cause-of-death data. American Journal of Epidemiology 1986,
124(2):161-179.

2. Weed JA: Vital statistics in the United States: Preparing for
the Next Century. Population Index 1995, 61(4):527-539.

3. Bah S: Multiple cause-of-death statistics in South Africa: Their
utility and changing profile over the period 1997 to 2001. Dis-
cussion Paper no 03-02, Population studies centre [htep://
Wwww.ssc.uwo.ca/sociology/popstudies/dp/dp03-02.pdf]. University of
Western Ontario

4.  Gordon C: Australian Bureau of Statistics, Multiple cause of
death analysis. Publication 3319.0.55.001. [htep://
www.abs.gov.au/Ausstats/abs@.nsf/Lookup/
FDB92CC903BC3DC8CA256D6B0005A769].

5. Chorba TL, Holman RC, Clarke M, Evatt BL: Effects of HIV infec-
tion on age and cause of death for persons with hemophilia
A in the United States. Am | Hemotol 2001, 66(4):229-240.

6. Hooper WC, Holman RC, Clarke MJ, Chorba TL: Trends in non-
hodgkin lymphoma (NHL) and HIV-assoicated NHL deaths
in the United States. Am | Hemotol 2001, 66(3):159-166.

7. Mannino DM, Brown C, Giovino G: Obstructive lung disease
deaths in the United States from 1979 through 1993. Am |
Respir Crit Care Med 1997, 156(3):814-818.

8.  World Health Organization: Manual of the International Statis-
tical Classification of Diseases, Injuries, and Causes of Death,
based on the recommendations of the Ninth Revision
Conference,. Geneva: World Health Organization; 1975.

9.  Glenn DR: Description of the National Center for Health Sta-
tistics Software Systems and Demonstrations,. 1999:1-6
[http://www.cdc.gov/nchs/data/misc/ice99 1.pdf].

10. NCHS document [http://wonder.cdc.gov/wonder/sci_data/mort/
mcmort/type txt/mcmort97.asp]

I'l. Pickle LW, Mungiole M, Jones G, White A: Atlas of United States
mortality US Department of Health and Human Service; 1996:3-4.

12. Editorials: Fifty years of death certificates: The Framingham
Heart Study. Annals of Internal Medicine 1998, 129:1066-67.

13. Lloyd-Jones DM, Martin DO, Larson MG, Levy D: Accuracy of
death certificates for coding coronary heart diseasae as the
cause of death. Ann Intern Med 1998, 129:1020-6.

14.  Messite ], Stellman SD: Accuracy of death certificate comple-
tion: the need for formalized physician training. JAMA 1996,
275:794-6.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2288/5/4/prepub

http://www.biomedcentral.com/1471-2288/5/4

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 13 of 13

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3524199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3524199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12347152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12347152
http://www.ssc.uwo.ca/sociology/popstudies/dp/dp03-02.pdf
http://www.ssc.uwo.ca/sociology/popstudies/dp/dp03-02.pdf
http://www.abs.gov.au/Ausstats/abs@.nsf/Lookup/FDB92CC903BC3DC8CA256D6B0005A769
http://www.abs.gov.au/Ausstats/abs@.nsf/Lookup/FDB92CC903BC3DC8CA256D6B0005A769
http://www.abs.gov.au/Ausstats/abs@.nsf/Lookup/FDB92CC903BC3DC8CA256D6B0005A769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309998
http://www.cdc.gov/nchs/data/misc/ice99_1.pdf
http://wonder.cdc.gov/wonder/sci_data/mort/mcmort/type_txt/mcmort97.asp
http://wonder.cdc.gov/wonder/sci_data/mort/mcmort/type_txt/mcmort97.asp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8598597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8598597
http://www.biomedcentral.com/1471-2288/5/4/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Table 1

	Data analysis

	Results
	Table 3

	Discussion
	Conclusions
	Competing interests
	Authors' contributions
	References
	Pre-publication history

