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Chhiectives, Overall and - cause-
specific moertaliny amang persons with
diabetes m Marth Dakoba v estimintad
an<d compared wath estimates from pre-
o poflation-based stedies,

Merhods:-Data were derived from
Merth Dakota death- certificate data,
wiitch: mcluded unigqes mformmsation an
decedentzt diahetes 2atus aml Behare-
ioral Rizk Factor Surveillance Systcm
catirnates of the diabenic and mondiabetz:
atdull populations of North Dakota:

Results. Therisk of death among
aduliz with digbetez vwas 26722, 2.9)
timies that of adules without dizbedes. Biel-

ative risks of death among adelt with di-—

abebes were ot least bwdce a5 hiph for heart
digease, cerehrovascular diseses accilenls

ansl adverse events, and kidney discase

and- T to 50%E hizgher for preumont

and influens, malignant necplasms, ar-

tenal discase, and other s, Risks o=
srenined substmtinl indhe oldest ape group.

Thess findinges ane comparabie 1o resulis

of other population-hased stuces

Conciiusions, Diabetes status infir-
mation enhanced the usefulness of deah
certificale datz in examining mortality
associated with-diabetes and confimms
it the eflect of diabetes on death 15 sub-
stantial. (Ar S Pebiie Health, EI.'H:IL,EI]
B4-52)

#4  American Joumal of Public Health

TRJL C T B

Population-Based Estimates of Mortality
Associated With Diabetes: Use of a Death
Certificate Check Box in North Dakota

Edward I Tierney, MPH, Linda 8. Geiss, MA, Michael M. Engelgoe, ML MS,
Theodare J Thompson, M5, Darian Schaubers, M5, RO Larry 4. Skireley, M5, MPH,
Pamela X Vikelic, M5, and Stephen L. McDonengh, MD

In comparizen with persons withowt dis-
bedes, persons with diabetes are o merensed
risk of death, particulardy from cardicvascular
dizezze. Afterage differences have been taken
inte account, the death rate among persons
with diabeses is about twice the rale amaong
persons without disbetes,™™ and the risk of
heart discsase and isclemie heant disessie miors
tality i5 about 2 1o 4 times higher for persons
with digbetes.™ 717

In mateomal and infernational canse-of-
death statistics derbved from death centiffcale
dats, usderhying conzse of death—the disease or
injury initiating the sequence of cvents lead-
ing to death—is used wo count and mink lead-
ing; cinses of deathe In the United States, dia-
betes rankes ag the seventh leading causs of
death, ™ even though it is listed as the underly-
ing cause of death for anby aboat 1036 of de-
cedents known to have diabetes. ™ The physi-
cian, medical examines, coraner, ot
whi comphetes the death certificate has the re-
spansibility of determining the causal sequence
leading fo death, using World Health Organi-
mulsom regmilations as specified in the fatersg-
ftomal Sretitical Classifoation of [seases,
$th Revixion [[C0-9)."' Problems related 1o the
rehability and validity of cause-of-death in-
formation on death certificates include im-
proper completion of death certificates, ™
aceuracy of diagnoses,™™ variation in
interpreting causal saquences and conditions
L'tm!l'l.l}llﬂ:ll'l]:l' to death, o |:.:|1.a,r_|g|§ percp-
tions of the causal m]r: of dissases = vanation
in nesalegic coding,™ and lack of training in
death certificate completion, ™

Becauss dinbetes slatus is not noted on
the standard death certifscate, death certilicate
daca canmdd be used as the sole source of in-
formation fo identify deaths and their causes
among persons with diabetes, Cne exception is
Morth Dakeda, where the death centificate in-
chsdes & check box 1o mentify decedants with
dizbetes, This check box, added to the causea.
af-death section of the Moeth Dakota death cer-

ufcate in 1992, solicits a responss to the ques-
tian “Was depezsed deshetic™ This informsation
on diabetes datus i:n:lﬂl,k:';; il g -:_:-_:||:|-|_'|r|.1|-
maby b exmamine des imnpact of disbetes on noe-
talitye. The purpose of this sty was o 251
mite the mumber of deaths and causes of death
among diabetic decedemts, estimate exces; il
reladrve mortality due to diabetes, and examine
the veracity of ear umigpue dats by coanparmng
our results with the findings of previeus
papulation-based and cohort sedies on mor
falify associated with diabetes.

Methods

Wi analyzed death centificate data for the
period 1992 through 1996 among Morth Da-
kota residents 18 years or older at death (=
25795 We usad 5 years of data to maximizs
ibe number of cawses of death that could be
exarmined among dinbetic decedents, Dece-
dents with diabetes wene defined as those with
dibetes a5 a cawse of death (N9 oode 250)
of thise whose death certificats contained a
“oyes" response o the question of whsther the
deveaged was diabetic (n=4287). All decadents
whose death certificate contamed a “no” ne-
sponse o the dinbetes quastion were classified
as nendiabetic {n= 1 149),
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Mortality Associated With Dhiabetes

TABLE 1—Annug| Death Rates (per 1000), Relative Risk (RR) of Death, and Age-Adjusted Death Rates for Nerth Dakota Men,

1992-14996
Age Group, ¥ . Aga-Adjustod
134 4564 E5-T4 =75 Crude Rate Aata g95% CI
A1 gaaths
Daalh rare, Gabalics B4 210 BR2 2195 60.9 ar.e 28.5, 45,8
Daath rate, nondiaizetics i3 7.1 242 i04.7 11.3 152 13.9, 16.6
AR 6.5 3.0 23 A | 5.4 24
5% Cl 38,82 21,38 1.6, 2.1 1.3, 29 4.5 83 1.8, 3.0
Attribnstabde rate 7.1 13.9 Tl | i1d.7 405 215
o5 G 3.5, 10.58 B3 195 14.9, 49.2 B %75 38,3, 5.7 132 306
Al hoan diseasa
aath rata, clabatics 25 8.3 23.5 834 258 14.1 108, 17.4
Death rate, nondiabetics oz 2.4 a4 36.7 8.8 52 4.7 5.6
AR 145 [ 2.8 23 6.3 )
5% CI 7.8, 215 2.5, 4.8 1.9, 3.7 1.4,3.2 52, 7.4 2.0, 3.4
lzchamic heart gizagse
Dhaaih rate, diabalics Lo g.0 179 L i7.2 9.9 T.B, 123
Craath rata, nondiabetica 0.1 1.7 6.2 254 2.7 a6 3.3 349
HH Lo 3.4 249 23 E5 27
5% Cl 24, 4.4 20,38 1.4, 3.3 54,76 2.0, 3.4
Arienal diseasa
Death rate, digbalics = oo 1.7 &7 1.6 g 0e, 1.1
Doath rabe, nondiabetics | 0.1 0.5 35 0.3 0.4 0.4, 0.5
RA - L0 3.1 io B4 X
5% Tl 2.0, 4.3 11,27 4.3 6.4 1.5 2.7
Makgnant nesplasms
Daath raba, Siabatics - 2.3 12.8 axz 10,7 Lkt 4.8, 7.20
Danath eater, nondiabelics. i | 2.5 a5 ol 2.8 3B a.5, 4.1
RA - 1.7 1.5 id a8 1.5
255 Tl 13, 2.2 1.0, 2.4 0.9, 2.0 3.0, 43 1.2,1.8
Cerehrovascular disease
Dezth rate, dizbalics L 0a 348 184 a3 2.5 1.6 3.2
Oaath i, nondiabetics 0.2 1.4 .4 0.3 i.1 i0,1.2
AA - 3.7 24 20 5.7 2.z
g5% Tl 2.5 4.8 19,249 1.2, 248 4 7. 68 1.5 249
Accidenisachkarse BYenis
(eath rate, disbetics o 0.a ¥ 3.3 1.3 1.3 08 1.8
Dieath rale, nondiabetics 0.4 0.4 0.6 an 0.6 0.6 0E, 0.7
AA = 2.2 ! 1.5 2.2 2.1
953 Gl 1.2, 3.2 0.g 22 1.7, 2.7 1.4, 2.8
Frieumansa andd nlsenzy
Draath raba, disbetics o O & 9.1 1.7 1.0 0.6 1.4
Death rate, nondiabetics = N ! 54 0.4 0.6 05 0.7
=)=} a i - 1.7 4.3 1.7
953 G 1.0,2.3 36 51 10,23
Chronic chstructve pulmonary diseazs
Dwaath rate, disbetics - coo 1.7 7.3 18 1.0 07,13
Death rate, nondiabetics e 0.2 1.5 6.4 0.6 0.s ne 049
[=]=] X _ 1.1 1.1 3.1 1.2
5% Gl 0.5, 15 07,186 2.5 3.6 0.E 1.6
Nephilfisnephialic Syndrémanephrasis
Death mtbe, diabetics L b . 3.2 0.6 0.4 0.3 05
[eath rate, nondiabetics A . 2.3 1.6 0.1 0.2 0.2 02
AR L . oa 2.0 .0 a1
95% Gl 1.2, 29 3.6, 63 i3 28
All other causas
Dreath rale, digbatics 1.B 2.4 4.8 21.8 6.0 4.7 a2 5.1
Dzath rate, nondiabetics 0.5 1.2 27 16.5 1.4 a5 25 a7
AA 3F 2.0 1.7 i3 a.z2 1.7
954 ¢l 2.1.5.3 14,25 1.2,23 0.8 148 a¥. a8 1.5 2.

*humbar of gaaths = 10,

tore. RRS were based on caloulations of unrounded rates, Gl = confidanca intanval.

For about 22% of decedents, diabetes was
niak listed as a cawse of death and & regsponse to
i |.||.1E$L'i|:1r.| an dinheles statos was rn'is.sing.
To adjust for nonresponse to the question, e
usecl multiple irmpastation, 2 commen statist-

Jaruary 2001, Val. 41, Ma. I

cal technigue. ** In our application of this
technigue, we wed ape, sex, mos, underying
and contribwting cawse of death, and year of
death to impute 3 values for each missing re-
spoanse and then averaged these values o esn-

mate deaths by diabetes status, With this
method, 16.3% (103%) of individuals missing
it response to the check box wene estimated Lo
hiave dizbetes, and 83.7% (5520} were 25l
mated not to have diabetes, resulting in 5326
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TABLE 2—Annuel Death Rates (per 1000}, Relative Risk (RR) of Death, and Age-Adjusted Death Rates for Norlh Daketa
Women, 1992-1596

Age Group, y Age-Adjushed
1E=td 4554 ES—74 nTR CGruda Rama Hale 9535 Ol
All daaths
Dgalh rate, ciabalics LR 218 309 151.1 arE /7.2 2248 31,5
Digath rate, nongiabatics (1l 4.8 .7 a1 R 9.7 8.1, 10.3
RR BB 5.3 14 8 | 58 2.4
D&% Gl 51,1286 35 609 25 4.4 1.5 26 5.0, B £3.55
Abiniiale rate 4.5 1%.7 2B.2 Ta 4B 17.5
B5%5 Cl 24,66 10.8, 24.5 17.6, 38,9 41,1, 1148 295,589 134,218
Al barien! disensa
Daalh raie, giabalics o 5.4 133 5.3 Mz 9.4 7.8.11.0
Daath rake, nordiabalics a - 0.7 pllis /5.3 3.1 ai PR32
RR od! 0.4 5.4 2.2 6.9 g
Th=e Gl £3,12.5 38,849 1.6 2.8 59 00 25, 35
tschamic heart daaans
Duxath rake, diabatics o 4.9 EEH =0 4.1 G4 L3 Ta
Daalh rate, nondizbatics o 0.5 1.7 18.7 1.5 1.4 18,21
RA oo 10.0 LS 23 73X a3
e Gl g6, 13.4 2.9, 7.4 1.7, 289 6.2 83 27,35
Arteral dizeasa
Durxth by, dizbalics oo e - @9 110 0.4 L Y
Dhagih rata, nondiscelics a 1] 0.2 2.4 3 0.3 03, 0.3
Al L Do —— 1.1 b g 1.6
o O 0.8, 1.4 4.0, 4.4 1.2, 1.5
Maeigrant nesplasms
Degth rata, dizgbelics L 5.4 0.0 16,4 8.5 4.3 37,50
Deeath rate, nondiabetics 02 e £.0 12.2 2.4 24 Sk, 25
HAH o .4 2.0 1.3 15 1.8
353 Tl 1.8, 32 14,25 1.0,1.7 3.0,4.1 1.5, 21
Cenebrovascufar dsease
Oegth rate, dizbetics . o8 2.5 i7.9 58 2. 203,30
Drath rabe, nondiabetics o2 0.7 3.8 1.0 1.0 08, 1.1
AR L 4.4 3.3 2.0 L% 2.5
953 Tl 3.0, 58 21,44 1.5 2.6 4.9, 5.6 2.0, 3.0
Accidenis’'agharse evenis
Death rate, diabetics s N e 1.3 0.7 0.6 0.2 1.0
Deash rata, nondiabetics a1 Q.1 0.2 1.4 0.3 0.3 0.3, 0.3
AA A 0o . 1.0 2.4 24
953 Cl 0.5 1.4 1B, 3.7 1.0, 3.9
Prigaimonia and inflisanza
Death rata, diabetics B LB 0.8 53 1.7 0B 0.E, 0.9
Death rate, noodiabefics 0.1 Lt 0.3 3.8 0.4 (.4 0.4, 0.5
RR i e 2.7 1.4 2,0 1.7
A5 G iE 3.7 o 1.7 238 4.7 1.4, 2.1
Cheomic shetruclive pulmonary disease
Death rate, diabetics L 0.8 L8 2.E | 0s 0.4, 0.5
Death rate, nondabetics - 0.2 Q.7 22 0.3 1T 0.3, 0.4
BR . 4.3 = 1.2 az 1.2
A5 Gl 27.57 0g 1.6 27 38 12,18
Mepheitismaphratic syndismenaphrosis
Death rate, diabetics I . oo 2.0 0.7 03 0.2, 0.3
Death rale, nendabetics L I 0. 1.1 0.1 01 0.1, 0.1
EE - ‘ L 1.8 59 2.2
akss Gl 1.3, 258 4.5, 714 1.6, 27
All olher causes
Dgath rale, diabetics - 3.5 4.5 10,2 7.5 a4 3.2, 4.5
Death rate, nondabatics a2 0.5 1.7 148 1.8 1.3 1.7, 20 |
RR bod- 6.4 2.6 1.3 4.0 1 |'
q&=; Gl 4.2 3.6 1.7, 3.4 1.0, 1.5 34. 4.6 1.7, 2.4 |

tdate. RRs weng based on calculetions of unraunded rates, Gl = configance interval.

“Wumber of degihs<10.

decedents with diabetes and 23 469 decedents
without dipbetes,

Wi used Lu'.dEﬂ_',-'ing cruse=nf-death data
1o examinge cinzses of death among persens with
diabates, Causes of death were classiled into

BE  Amesican Fowrnal of Public Health

11 categones according 1o [OD-%: malignan:
neaplasms (codes 1202080, diabetes {cods
2300, all heant diseass (codes 390-398, 402,
404429 ischemic heart disease {codes 410

214}, arveral digeage (codes 440-448), cere-

brovascular diseass (codes 430-438), pneu-
momia. ardd influenza {eodes 450457, clronic
obstructive pulmonary disease {codes 490
4eha], mephritismephrotic symdeomenephneas
{codes 403, 581-583, 585-58K), accidents and

Jamuary 300, Viol. 91, Mo |



Mortality Associzted With Dinhetes

TABLE 3—aAnnual Death Rates (per 1000), Relative Risk {RA) of Death, and Age-Adjusted Death Rates for North Dakota Men

and Women Combined, 1882-1335

Age Group,y Age-Adjusted
TH <4 4554 E5—T4 =5 Crude Rate Fabe 5% Gl
All diealhs
Death rete, diabatcs 665 21.3 481 176.8 59.3 bt 3 273,352
Diath rivti, nondiabatics 0g L 174 a5.0o 10.6 12.1 11.5, 12,7
ER ] 3.3 28 21 5.6 245
855 Cl 5.0,8.8 4.0, 48 22,33 16 25 R, 6.2 228
Attriutatle rata R §5.7 ab.T a1.8 43.8 8.2
L5 ] 3.5 7.4 11.4, 201 2108 40,4 553, 1264 423 BR2 152 832
Al hear disease
Daaih rate, dlabatics 1.7 7.7 187 Gr.E 225 11.5 0.0, 13.0
Death rabe, nandiabelics 0.1 1.5 L 303 a4 4.0 37,42
RA 16.2 2.0 38 i) 6.6 29
B5%% G 1006 217 3.8,82 28,43 148,27 5o T3 25 33
Izchemic heart Gisaase
Dwazih rake, diabatics 1.0 L 1348 53 15.7 78 6.3,39
Daath rate, nondiabalics [ R 1.1 3.7 2000 2.3 2.7 25,28
AA 167 &0 37 23 BB 3.4
B55% G 49 F3.4 3.8,6.1 249 45 1.4, 28 81, TE 2.5 3.4
Arlenial diseass
[hagth rata, digbatics Lt L0 1.2 449 13 0.8 0.5 07
Deaih rate, nondiabelics i) 0.1 4 29 03 3 0.3, 04
AR co L8 a3 1.5 46 1.8
| 23 42 1.1, 18 4.0, 52 14,21
Maligran nesplasms
Deaih rate, digbetica ot 4.8 1.4 i BT 4.9 4.3 55
Death rate, nondiabetics oz 2.4 5.6 16.3 2T 3 2.6, 31
HR c o 2.0 1.7 1.4 36 1.7
983 G 1.6, 24 1.4, 2.1 1.1, 1.7 3.2, 4.0 14,149
Cerabrovascular Gisans
Dieath rate, diabelics - 0.4 21 18.1 5 25 21,28
Death rate, nondiabetics 1} 0.2 1.0 8.0 o9 1.1 1.0, 1.1
AR - 4.2 A 2.0 L) 24
Q5% Gl 5852 25,38 16,25 5.0, 6.4 2.0, 2.8
Acdentaiadverse evenks
Dzath rate, diabetics 0.3 o.r 0.5 21 1.0 1.0 oy 1.2
Death rate, nendiabetics 3.3 03 0.4 1.7 0.4 0.4 D4, 05
AR 3.2 2.7 1.1 1.2 4 2.2
955 G 1.5, 4.4 i.r, 3.7 0.7,1.6 0E 1.6 1.8, 249 15 28
Prieumaonia and influenza
Dizath rate, diabetics D - 0.7 .7 1.7 0.8 0.7, 10
Death rate, nendiabsatics n] 0.1 0.3 4.5 0.4 0.5 0.5 05
=] a D a3 15 42 1.7
95% Gl 1.6 2.8 1.1, 1.8 3T, A4F i3 20
Chronic abetructive pulmeaary disease
Death rate, diabefics x 0.6 1.1 45 1.5 n.7 0.6 D8
Death rate, nondiabetics U Nz 1.3 aB 0.5 05 05, 0B
RR = 3.1 1.0 1.2 3.1 1.3
a5%e Gl 23349 0B 1.3 048, 1.5 27,48 1.1, 1.6
Naphritiz/naphrotic syndrameanepheasis
Death rate, disbesics A J 0.4 2.4 0.7 0.3 0.3, 0.4
Death rsle, nondiabatics . “ 0.z ia i1 0.t ol 02
RR . 25 20 5.4 2.1
a5as CI 1.5, 3.4 1.5, 2.4 4.8 6.2 1.7, 2.5
All pihar causes
Death rale, diabebes 1.4 26 4.5 22 6.7 3.8 a4, 4.4
Deaih rale, nandiabatics a.3 0.5 2 15.4 1.9 2.1 s en
RR 42 33 21 i3 a6 1.E
Lo Gl 29 55 26, 4.0 16 268 1.0 16 3.2, 4.0 1.6 2.1

Mode, Az were hazad on calculations af unrounded rates. Cl=conflidence intareal,

"mumbar of deaths < 10.

adwverse events {codes ERDD-FE948), and all
Olher Chsss {a| | ather fCA-0 codes).

W caloulated death mtes by wsing (992
1y 1590 estimates of the adult Gabetis and non-
diabetic populations of Morth Dakosa from dwe

January 2001, Vel 91, Mo 1

Behavioral Risk Factor Surveillance System
{BRES3). The BRFSS is an onjming, state-based,
random-digit-dialing telephone survey of non-
iretitutionalized adulis (e, 18 vears orolder) in
all 30 states, the DismictofiCobambia, and Puerio

Rico.” Respondents with diabetes wers defined
as infividuals who responded “yes™ to the ques-
tiom " Havwe o ever boentold by a doctor thed youw
havve diheto I:'n v 3-';':-!]. Thesar wath any ither
response to the guestson were eoxded 3 mot hav-

Arnerican Jourmal of Public Healtk 57
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iz diaberes (n=2082}. The BRFSS data wens
weighted o reflect the age and sex distributson
af the mbult noninstinutionzlized pogulation of
Morth Dakota, Betasen 1992 and 1996, 3.9%
ofthe adult population of Meoth Dakota reported
hirving dinbetes. Becius of the complex sar?f]::
design of the BEFSS, we used SUDAAN 10
caleubae diaketic and nondiabe: pl;lpu]al:in:.n
estimabes andd the standard ermocs of our estimates.

Thex relative risk of death anwag persons
with dinbetes in companison with persons wit-
out dizbetes was caleulated by dividing diabetic
popalaton death mtes by nondisbetic popula-
tion death rates. Wi cstimmated te exces mor-
ralicy atribtabde 1 diabetes o5 the difference be-
tween gge- and sex-spocific death rtes m the
pesralanions with and withoa diabetes, We cal-
culated the ofal number of deaths and theota
rabe ateributable frdabetes by muliphang these
age- andl sex-spacibic mbe differences by dia-
betic population estimates and sumiing acros;
sirata, Age-adjusted mies wer caloulated with
the direct method, with the 1992 to 1996 adul
population of Meth Dakata used 25 the stan-
dard, W do nat present death rates, relative
risks, or atiributable mtes for populations in
which there were fewer than 10 desthe. Confi-
dence intervals (C15) wene caleubated wo reflect
the uncertamty due to missing data and o pop-
ulation zampling.

Because regpanses 1o the disbeles check
o o the: Morth Dakoots deats certficals hive
not Been valdated, we examined whether our
funclings were consistent with the findings of
ather population-based and cohort shudies. In
perral, this examanation was restricied o stud-
1us of US populations.

Results
AN-Caise Mariality

Between 1992 and 1996, 5326 North Da-
kota adults with diobetes dicd. These decedents
represenied 18.5% (332628 795) of all adult
deaths in the stase, Diabetes prevalence rates at
death were 7.5% (9771296) among decedants
aged 18 to 44 years, 18.4% (6793641) among
decedents aged 45 fo 64 years, 21.6% (1148/
5317} armeng decedants agped 65 fo 74 years,
and 15.4% (340471 8491) among decedents 75
vears and older. Thabetes was recorded as the
unlerhyimg causs of death for abouat 1 3% of di-
abetic docedents and as any mentioned cass
(eather underying or nommderlying) for 43%
of diabetic decodents (data not shown ),

These data are consistent with data from
the 1936 and 1993 versions of the Matignal
Mortality Follow-Back $|,:r-.-|.::,r.:“':2 Both of
these relrospective surveys obdained death cer-
tificate data and informetion bt decedents
from personal informants in nationally repre-
smtative samiples of US decedents 25 vears ar
older The prevalence mtss of dinbeiss a1 death
were 17.2% inthe 1986 version™ and 18.5%in
the 1943 version.™ Also, in both of these sur-
verys, ciaietes was the underlymg case ol death
an abowt 10%% of the death centificates of dis-
belic decedents and was listed anywhere on
about 0% of death certificates.™

L}esth rtes from all canses increased wath
ige in both the diabetic and rendiabetic pop-
ulztions (zee Tables 1-3 and Figure 1). Within
ench sex and age groug, death rmies among: per-
sons with diabetes exceeded rates among per-

=0

o P —

00

Fate per 1000

0

Nate. Ags adi. = age adiusted.

| £l 2
M s |_ |:'" .
g -

iB-fd  LL B4 E5-T4 TS

hien

sons witlwut diabetes. Betoeen 1992 and 1996,
arnual cnade death rates wene 59301 000 among
the diabetic populaiion and 1008100 amang
the nominbetic population. Although adjust-
ment for zge reduced the nisk of death amang
persons with diabetes relative to persons with-
ouf diabetes, the desth mite in the dinbetic pop-
wlation remamed 2.6 times that of the nondia-
beotic population. The nsk of death among
persons with diabeates relative to persons of the
sume sex without diabetes was highest for the
group aged 18 to 44 vears (6.5 for men and 8.8
for women) and declined as ajge increased (2.1
for both men and women 75 years or older)
(Tables 1 and 2). In comtexst oo relative nisk,
death rates atinbutables 1o disbotes increased
with age, mnging from 5.6/1000 for te dia-
betic population aged 18 to 24 years to 918
1006} T the diabedic population T5 years or
older (Table 3). The same mend was seen for
both men and womesn with diabetes. Overall,
the crude and age-adjusted death rates atirb-
utabie to dizbetes did nat differ sipnificantly
by sex,

The ape-adjusied relative nsk was some-
what higher among women (2.8) than amaong
men (247 with diabetes, bt the confidence in-
terviels overlapped. In tenms of absoluie rsk,
death rates tended 1 be hugher among men
with dizbetes than among women with dia-
betes, but, again, the confidence inftenvals ever-
lapped. However, death rates among women
with digbetes were higher than death rfes
among men without dizbetes, The age-adjusted
rale among wornen with diabetes {272 0000)
was about 5% higher than the rate among men
wilhout digbetes {1527 1004).

|0 Diabetic pﬂ]jul'atii.i_r-l |
- |l. ]':dl;mEliﬂIJ-eﬁl: population
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FIGURE 1—Death rates among persons with and without diabetes, by age and sex: North Dakola, 1992-1956,
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FIGURE 2—Death rates per 1000 with diabetes as an underlying cause, any listed cause, or an aliributable cause: Morth

The MNorth Dakota data are corssient with
a recent anabysis of a national sample of aduliz
el 25 80 T4 wears that ndicated that the nela-
tive risk of mortality ansoog persans wath dia-
Betes declined with increasing age but remained
substantial in the aldest age growp.” This study
and others™* also showed thar the risk of death
was higher arong wormen than arsocg men with
clzbetes (relatve to their nondizbesic counter-
parts), although confidence intervals aflen over-
lapped, Despite the infrequent reporting of such
data, a fizw studics have revealed death mtes
SIS WOITNED swith dlzabetes 10 be orihan
rates among men without diabetes. ™

Owverall, age-adjusted death mtes wers
313100 i the dinbetic population and 12,1/
100} in the nordinbetic population. (Table 35
The difference between thess rtes is 192/
1008, inclicabing that about 61%6 (192531 3ol
il mortality among persens wilh diabeles can
be attributed to diabetes. Within cach age
aroup, the exeess death muee aimbistable to di-
abetes was higher than both the death rate for
diabetes as the undecbying canees of death and
the death rde For diabetes as any listed cause
of desth {Figure 2} Ornverall, betoseen 1992 and
104, the age-adjusted death rate per LOOO at-
ributable to diabetes (192; 95% Cl=152,
232y was 3.8 times the age-adusted death mate
with diabetes listed as the underlying cause

Jamuary 2001, Vod. 91, Mo 1

(3 93% CI=3.9, ful) and 1.4 times ibe age-
atdjusted death rate with dizskeles as any listed
cnzg (13.5; 950 CI=10T, 16.3).

Ceriese-Spacific Mortality

Heart cliseass, the leading cause of death
among adults with diaketes, accounied For
atbout 35% of dethe (Figure 3). Malipnant neo-
plasms and dizbetes wers the second and thind
leading cavses af death, Cerebrmvascular dis-
ease was the fourth leading cause and was fol-
lowed by preumonia and influenzs, chronic
chstnzctive pulmonary diseass, arerial discase,
accidents and adverse events, and nephriiisg,
nepledic syndroeme, and nephrosss, Thess data
are i aecord with data from previous US
populatica-based stadies of dizbetes moral-
1ty shemwingz beart o cardiovascular disease, di-
abetes, malignant neoplasms, and cerebomas-
cubar dizense o be the 4 leading canses of death
among persons with diabeges =544

[eath rates wers higher among adults with
diabetes than among twose withour diabetes for
each cauze of death (Table 3}, The overall age-
slusted death mbes among adulis with diabetes
wiere at least twice & high &5 rales ameayg achets
without diabetes for heart disease (ncluding
ischernic heant discase), cenchaovasculbar dis-
ease, accidents and adverse events, znd neph-

ritiz, nephrotic syndrome, and nephrosis, and
they weere T0E to B0%G higher for preamonia
ard influenza, malignamnt neoplosms, arterial
disense, and other causes. The highest overall
:agc-adjmmd reladive ri,s!-c,_ :!-,I:Ir wis found for
ischemic heart disease, and the bewvest, 1.3, was
found for chroaie abstructive pulmonary dis-
ease, In peneral, these data are consietent with
thos: from previous populsion-based sodies
surang that persons with dizbetes an at excess
rick of death from cardiovascolar diz-
eage, M groloe WIS epa] disease, M
and pacurnenia and influenza. ™ In contrast
o our sty wsing Morth Daketa data, o fiow
L% stadies have not found grester excess risks
of cancer mortality among persons with dia-
'|:IEI.I5;.':"|!"'Ij Hipamreer, cancer has l;nnsishe:m!:,r
bz o of the: hdhgﬁmafdcﬂm amang
persons with dibeles. LA

The relative risk of death for each cause
decreased with age. The highest ape-specific
relative risk (16,7) was that for ischemic heart
disease in the groap aged 18 o 44 years. Al-
though the confidence intervals of age- and
sex-specific rates generally overlapped in the
diabetic population, death rates for st cases
of death were hicher among men than among
woeken, One excepdion was cerchbrovascular
disznasa, which &id wa vary by sex for either
dizhetic oe nondizbetic adults. Az with all.cmiza
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FIGURE 2—Percentage distribution of underlying causes of death among decedents with diabeles: Morth Dakota, 19521996,

meariality, causs-specific ape-adjusted death
rates fardiabetc women wers ssmilar b orex-
ceoded the raies for nondiabetic men. Chronic
obatructve pulmonary diseass was the only
cause for which the age-adjusted rate was
higher for nondiabetic men than for diabetic
WOTISTL

TMxeussion

Morth Dakota dsxb certiflicate data that
< luds information on the diabstes status of
decedents and estimates of the diabetic and
nomsiabetic populations visld findings simi-
lar 1o thase of previous popalatmelased co-
hort studies of mortality associated with diz-
bites i regand 1o prevalence of diabsetes at
death, distribution of causes of death among
diabetic decedents, fsk of dexth for persons
with diabetes relative to persens without dis-
betes, and age- and sex-gpecific trends in nsk
of death. These types of estimates would not
have been possible wilbseut infesmation an the
diabates status of decedents provided by the
addition of the diabotes chock b to the death
e,

The check box informsation o decedents®
diabetes status allowsd us to further document
thit the effect of diabetes on mortality 15 sub-
stantial. A ge-adjusted death ries among Morth
Dot adilts with diabetes are 2.6 fimes those
of adalts without disheses. Overall, snd fior most
causes-of death, the relative nsk of death among

My Amenican Jousnal of Public Hezlth

persons with diabetes in comparison with per-
sord withaut dinetes declined wath age, How-
ever, relative risks remained substantial even
in the oldestage groap foroverall macality and
mary causss of death, Cur data shosy that al-
thwragh e relatve misk of all-cuase mortabity de-
crsises wilh age, the effest of diabstes onmor-
tality, ag measured by the rfe of excess deaths
attributable in dinbetes, increases with age and
is strongest arvong ¢lderty persons (Tables 1-3),
Theze fi:u.‘liu;.::s ALzl that dinbetes will con-
tmue b be an important public health problem
as the population of Morth Dakota ages,

g omoanderdying cause of death and in-
formaton about deceders” diabetes staus per-
mufted epxlemiclogic charaserization of causcs
of death among persons with diabetes, Most
prnvaous shadies of mortality associated with
diaberes wene lirived in their ability o ¢xam-
ing causes of death in diabetic populations be-
canse of the small numbers of deaths. Infor
miteom on decedents” diabetes siatus and the
large number of deaths in oour wnigue
populatien-hased data allowed us to examine
canses of death arvong the diabetic population
in greater detal,

W found ondy 1 study det included mone
diabetic decedents than our study™ That
Finnish stady ard oer data suggest thal persons
with dhabetes ane at greater relative risk for most
causes of death fhan ane persons without diz-
betes, In acddition to the well-knoam excess risk
of death from cardicvascular, ischemic e,
and cerebaovaseular dizese we fimd excess

relative mortality froem arenal disease, malig-
nant neoplasms, accidents and adverse events,
presEronia and influenss:, kidney disease, and
chronic obstructive pulmonany disease, Why
diahetes poses an excess sk of desth from 3o
mamy comaditions and winy this excess risk may
be greater among wamen than among men are
unknown and ment furher study.

Heart discase and cerebrovascular disease
aceourtted for nearty halfof all deaths of persons
with diabetes in Morth Dakota In light of recent
clingcal trialg Rl'u:-u.-'i.ngjh:lt blood pressune con-
trl, ™ lipid-lowering therapy, ” and glycemic
conmrols reduce dishetic m\lﬂp]ilﬂﬂ!i{\lla and
micrtality among persons with disbetes, our
data reinforce the nead Tor mereased crdio-
vascular resk factor reduction among persons
with diabetes in MNorth [Dakota, A substantizl
proportion of deaths among persons with dia-
betes could probably be prevented by reducing
or preventing cardicvascular risk factors
through the adoption of healtofiol lifesles, in-
cluding weight reduction and obesity preven-
tion, increased phaveical activity, smaking ces-
sation and prevention, ghycemic control, blood
pressume contral, and lipid-losvering thesapy.

The statistical methed used heare to cal-
culate mortality attrbutable 1o diabetes esti-
mides the excess mortality dus to a diseass,
This method assumes that mostality ansng
persoms with diabetes in excess of what they
wiold have experienced in the absence of di-
abetes 15 duse solely to diabotes, However, be-
cause the validiny of thiz methed depends on
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several factors, incloding contrel of relevant
confounders and accurate measurement of
the prevalence of discase or exposure, ™!
our estimales may be biased by these fac-
tors. Althoueh we contralled for age inour
calculation of the excess death rte attribut-
able to diabotes, we lacked approgeiate data
b comtrol for other possible confounding fac-
tors such as cardiovascular disease msk fisc-
tors, other comorbid conditions, education,
and income. However, previous studies
shiveed Tittle reduction in the age-adjusied
risk of all-cause mostality or cardigvascalar
dizease mortality among persons with dia-
betes relative 1o persons withowur dialsetes
when contrglling for additional sociodemo-
graphic {e.g.. race, income, and education)
and cardiovascular (e.g,, smoking, blood
D A i 100 b ik

Mo ideal method exists for estimating
rmortaliny chae to diabetes, Althowgh foderal and
stare efforts to impooevs the accusecy of cause-
of=death data from desth certificates are on-
going,” selection of a single vnderlying cause
of death, a3 speaified by international coding
rules, miny be proflematic in the case of dege-
denes with multiple chronie diseasas, [iabetes
i% 2 conmple dhisense caopable of affecting nearhy
every organ systent of the body The effects on
these organs are usually insidious and, over
several years, result in organ faihare and desath,
Because persons with dinbeies often experi-
erce multiple chrenis conditions denng their
lifetime, the presence of these competing
causcs of death and the distance between the
onset of diabetes and its complications and
desath aften make it imgossible w delermine
the rle dizbetes pliyed i the death. Although
case-cof-death data from death certificates are
used widely (o estimate causes of death, the
complexity of the natural history of diabetes
Limits the wsefulness of these daty mestimat-
ing deaths cansed by diabetes. Cr findings
sugoest that vital statistics data based on un-
derlying cause-of-denth data understate the
public health importance of diabeies in Morth
Diakota almast 3-fold,

The dats presented are pepretentative of
the population of North Dakota, not the total
LIS population. Hoewever, the age-adjusted rgk
of death among adults with diabates relatve
o sxiales withot diabetes in North Dakota (i.c.,
2.6) is identical to previousty reported natianal
e on adults 25 years and okler.” Similarty, di-
abetes 15 recorded as the underbying canse of
death on only about 109 ol the death cer-
tificates of diabetic decedents in the United
States and 15% in Morth Dakota, Thess simi-
lxrities in mortality data suggest that dhe
anrwsiut of underreporting of dinbeles 28 2 cuss
of death in the total US population may be
comparable o that found i Morth Dakeota,

Janzary 2001, Yol. 91, Mo, |

Our study has a number of limitations,
First, there were cases of missing data for the
diabetes check box. Both ignoring missing
data and adjusting for mising dala can bias
estimates,” However, we chose to adjust for
nenresponse by using muliiple imptation be-
cause of its advantapes: less chanee of bias,
confidence intervals that properly reflect
missing data, and all available information
being used. Furthermore, if we had ignored
missing data om the question of diabetes 5.
nes, we would have underestimated substan-
tially the number of diabetic and nondiabetic
deaths and their corresponding population
death rates, However, both ignoring and 2d-
justing for eissing daia vielded idantical es-
timates of the overall age-adjusted relative
risk.

Second, because of the small numbers
of racial and ethnic minocty decedents and
BRFSS respomdents in Morth Drakota, we were
unahle to present separate estimates by race.
Third, the large sampling variability of ouwr
catimates of the diabetic population resulied
in the confidence intervals arcund many of
our estimates being large and may have of-
fected our ability to detect truly significant
differences in mertality risk among 2ub-
groups, Finally, beeanse our estimates of the
dizbetic population were based on self-report,
we were unable (o accoumt far persons with
urifiagnosed diabetes. If persons with undi-
agnosed diabetes die at rites similar 1o thoss
who are diagnosed and dis of similar causes,
and if one third of all persons with diabates in
Morth Dakota have their diabetes undiag-
noged, our relative nsks are underestimated
by 1074,

Moeth Dbtz iihe only state m the nation
b harvet & diabedes check box on its death cer-
tificate to identify decedents with diabetes,
Through the use of these unique data and esti-
meatess of the diabetic and nondiabetic popula-
tiges m Morth Dakot, our assessment of mor-
tality associated with diabetes produced
findings consistent with the findings of previ-
ous pepulation-based sudies and highlighed
thez exeess rigk of desth posed by diabetes, The
acldition of a disbetes check box enhances the
surveillancs potential of death certificate daty
by enabling public health authonties in Morth
Lrakota te monitor the ¢ fect of dishetes on mor-
tality in their state and trends in overal] and
cause-specific martality within their diabetic
popubation. This katter capability ray be pas-
ticularly important in examining whether per-
soms wilh diabedes experience the same decline
a3 do persons witlout deabeies i bota] mortal-
ity and metality from cortain causes {e.g, heart
disease) and in evalusting the ultimate ompact
of current public health effors to reducs specific
causes ofdezth in the dishetic popabation (g4,
deaths dus to prevmonia and infleenza). O
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