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Examining the changes or differences in cause-specific 
mortality rates could help in generating epidemiologi-

cal hypothesis, assessing therapeutic interventions, or iden-
tifying health problems. For example, studies have revealed 
large geographic variations and a drastic decline in stroke 
mortality.1–6 Furthermore, studies have also illustrated racial/
ethnic, sex, and changes in stroke mortality by subtype.7–9 
However, only 1 study has examined the geographic differ-
ences in stroke mortality by subtype.10 One premise in con-
trasting the stroke subtype mortality across states is that the 
cause-specific mortality data should be comparable between 
states. No study, to the best of our knowledge, has assessed 

the comparability of stroke subtype mortality across states 
in the United States. If some states have a higher percentage 
of medical certifiers who did not specify whether the stroke 
was hemorrhage or infarction, the stroke subtype (eg, cerebral 
hemorrhage or cerebral infarction) mortality rate will be con-
sequently underestimated. We aimed in this study to illustrate 
state differences in the reporting of “unspecified stroke” on 
death certificates by medical certifiers. The findings of this 
study will provide useful information for better interpretation 
of state stroke subtype mortality and assist in the designing of 
interventions to improve the comparability of stroke subtype 
mortality across states.

Background and Purpose—Little is known about the comparability of stroke subtype mortality across states. We conducted 
a cross-sectional descriptive study to examine state differences in the reporting of “unspecified stroke” on death certificates 
in the United States.

Methods—The number of deaths from different subtypes of stroke in each state for the years 2007 to 2009 were obtained 
from the CDC WONDER online databases. We calculated the percentage of stroke deaths classified as unspecified stroke 
(International Classification of Diseases, 10th Revision [ICD-10] code I64) among all stroke deaths (ICD-10 codes 
I60–I69) for each state.

Results—Of 398 942 people who died from stoke in the United States between 2007 and 2009, in 209 933 (53%) cases, 
the medical certifier did not specify whether the stroke was hemorrhage or infarction on the death certificate. There 
were 44 states in which the percentage of unspecified stroke among all strokes was ≥50% and 20 states in which the 
percentage was ≥55%. The percentage was lowest in the District of Columbia (46%) and highest in Oklahoma (64%). 
The state variation in the proportion of unspecified stroke decreased with age of the deceased. The state percentage 
of unspecified stroke correlated most with the state percentage of cerebral infarction and other and sequelae of 
cerebrovascular disease.

Conclusions—Owing to the high percentage and state variation in the reporting of unspecified stroke on death certificates, 
the comparability of stroke subtype mortality is threatened. Querying of medical certifiers for more specific information 
for better coding is needed.  (Stroke. 2012;43:3336-3342.)
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Methods
Data Source
The numbers of deaths from each subtype of stroke in each state 
for the years 2007 to 2009 were obtained from the Underlying 
Cause of Death database in the CDC WONDER online databases.11 
CDC WONDER (Wide-ranging Online Data for Epidemiological 
Research) is an easy-to-use, menu-driven system that makes the infor-
mation resources of the Centers for Disease Control and Prevention 
(CDC) available to public health professionals and the public at large.

The Underlying Cause of Death database contains mortality and 
population counts for all US counties. Counts and rates of death 

can be obtained by underlying cause of death, place of legal resi-
dence (region, division, state, and county), age (single year of age, 
5-year age groups, 10-year age groups, and infant age groups), 
race, Hispanic ethnicity, sex, and year, month, and day of death. 
Data are also available for urbanization categories, drug- and 
alcohol-related causes of death, injury intent and injury mechanism 
categories as well as place of death and whether an autopsy was 
performed.11

The International Classification of Diseases, 10th Revision (ICD-
10) codes for stroke subtype are I60 to I69 for all stroke, I60 for 
subarachnoid hemorrhage, I61 and I62 for intracerebral hemor-
rhage, I63, I65, and I66 for cerebral infarction, I67 and I69 for  

Figure 1.  Rankings of percentage (%) of 
unspecified stroke in each state.
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Table 1.  No. and Percentage of Deaths From Stroke Subtypes in Each State in the United States, 2007 to 2009

All Stroke  
(ICD-10 Codes  

I60–I69)

Subarachnoid  
Hemorrhage  

(ICD-10 Code I60)

Intracerebral  
Hemorrhage 

(ICD-10 Codes 
I61–I62)

Cerebral Infarction 
(ICD-10 Codes  
I63, I65, I66)

Other and Sequelae of  
Cerebrovascular Disease 
(ICD-10 Codes I67, I69)

Stroke, Not Specified as 
Hemorrhage or Infarction 

(ICD-10 Code I64)

No. Percent No. Percent No. Percent No. Percent No. Percent No. Percent

USA 398 942 100.0 16 721 4.2 82 721 20.7 19 834 5.0 69 733 17.5 209 933 52.6

Alabama 8285 100.0 313 3.8 1749 21.1 325 3.9 953 11.5 4945 59.7

Alaska 491 100.0 27 5.5 110 22.4 27 5.5 93 18.9 234 47.7

Arizona 6426 100.0 350 5.4 1249 19.4 396 6.2 877 13.6 3554 55.3

Arkansas 5289 100.0 162 3.1 1021 19.3 242 4.6 932 17.6 2932 55.4

California 42 111 100.0 1816 4.3 8491 20.2 1700 4.0 10 210 24.2 19 894 47.2

Colorado 4697 100.0 246 5.2 982 20.9 213 4.5 889 18.9 2367 50.4

Connecticut 4356 100.0 191 4.4 949 21.8 244 5.6 690 15.8 2282 52.4

Delaware 1154 100.0 51 4.4 285 24.7 61 5.3 181 15.7 576 49.9

District of 
Columbia

641 100.0 39 6.1 184 28.7 34 5.3 92 14.4 292 45.6

Florida 25 765 100.0 1083 4.2 5273 20.5 1433 5.6 4734 18.4 13 242 51.4

Georgia 11 431 100.0 483 4.2 2561 22.4 397 3.5 1488 13.0 6502 56.9

Hawaii 1956 100.0 116 5.9 489 25.0 108 5.5 232 11.9 1011 51.7

Idaho 1876 100.0 54 2.9 316 16.8 77 4.1 432 23.0 997 53.1

Illinois 16 910 100.0 695 4.1 3283 19.4 846 5.0 2880 17.0 9206 54.4

Indiana 9201 100.0 324 3.5 1909 20.7 403 4.4 1402 15.2 5163 56.1

Iowa 5053 100.0 200 4.0 958 19.0 270 5.3 701 13.9 2924 57.9

Kansas 4488 100.0 171 3.8 814 18.1 161 3.6 784 17.5 2558 57.0

Kentucky 6306 100.0 267 4.2 1421 22.5 276 4.4 792 12.6 3550 56.3

Louisiana 6292 100.0 249 4.0 1327 21.1 260 4.1 861 13.7 3595 57.1

Maine 1982 100.0 72 3.6 407 20.5 86 4.3 325 16.4 1092 55.1

Maryland 6982 100.0 292 4.2 1534 22.0 456 6.5 1104 15.8 3596 51.5

Massachusetts 8158 100.0 303 3.7 1712 21.0 446 5.5 1571 19.3 4126 50.6

Michigan 14 002 100.0 587 4.2 2870 20.5 900 6.4 3155 22.5 6490 46.4

Minnesota 6425 100.0 278 4.3 1260 19.6 364 5.7 1106 17.2 3417 53.2

Mississippi 4617 100.0 169 3.7 902 19.5 210 4.5 545 11.8 2791 60.5

Missouri 9507 100.0 361 3.8 1914 20.1 543 5.7 1591 16.7 5098 53.6

Montana 1371 100.0 54 3.9 243 17.7 43 3.1 275 20.1 756 55.1

Nebraska 2641 100.0 105 4.0 492 18.6 89 3.4 486 18.4 1469 55.6

Nevada 2615 100.0 168 6.4 651 24.9 89 3.4 313 12.0 1394 53.3

New Hampshire 1472 100.0 49 3.3 290 19.7 68 4.6 328 22.3 737 50.1

New Jersey 10 021 100.0 472 4.7 2473 24.7 420 4.2 1217 12.1 5439 54.3

New Mexico 2290 100.0 111 4.8 413 18.0 136 5.9 470 20.5 1160 50.7

New York 18 233 100.0 1068 5.9 4563 25.0 1083 5.9 2437 13.4 9082 49.8

North Carolina 13 609 100.0 515 3.8 2843 20.9 768 5.6 2135 15.7 7348 54.0

North Dakota 992 100.0 39 3.9 194 19.6 40 4.0 150 15.1 569 57.4

Ohio 17 432 100.0 743 4.3 3578 20.5 1061 6.1 3948 22.6 8102 46.5

Oklahoma 6166 100.0 183 3.0 937 15.2 246 4.0 864 14.0 3936 63.8

Oregon 5646 100.0 199 3.5 1098 19.4 220 3.9 1177 20.8 2952 52.3

Pennsylvania 20 936 100.0 815 3.9 4591 21.9 1128 5.4 3123 14.9 11 279 53.9

Rhode Island 1348 100.0 77 5.7 314 23.3 57 4.2 190 14.1 710 52.7

South Carolina 7260 100.0 306 4.2 1761 24.3 445 6.1 1068 14.7 3680 50.7

South Dakota 1224 100.0 40 3.3 219 17.9 51 4.2 192 15.7 722 59.0

Tennessee 9962 100.0 444 4.5 1981 19.9 558 5.6 1337 13.4 5642 56.6

Texas 28 562 100.0 1163 4.1 5747 20.1 1223 4.3 5431 19.0 14 998 52.5

(Continued)
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“other and sequelae of cerebrovascular disease,” and I64 for “stroke, 
not specified as hemorrhage or infarction.”12

Analysis
To avoid a small number of deaths in states with lower populations 
by stroke subtype or age group, we combined 2007 through 2009 
together for analysis. We first calculated the percentage of deaths 
from each stroke subtype among all strokes in each state. We then 
computed the percentage of stroke deaths classified as unspecified 
stroke (ICD-10 code I64) among all stroke deaths by age group (0–44, 
45–64, 65–74 75–84, and ≥85 years) in each state. The ratio between 
the highest and lowest percentage and the 95% CI were calculated to 
indicate the extent of variation across states. We further examined the 
correlation between the state percentage of unspecified stroke and the 
state percentage for the other specific stroke subtype.

Results
Of 398 942 people who died from stroke in the United States 
between 2007 and 2009, in 209 933 (53%) cases, the medical 
certifier did not specify whether the stroke was hemorrhage 
or infarction on the death certificate. There were 44 states in 
which the percentage of unspecified stroke among all stroke 
deaths was >50% and 20 states in which the percentage was 
≥55%. According to Figure 1, the percentage was lowest in the 
District of Columbia (45.6%) followed by Michigan (46.4%) 
and Ohio (46.5%) and was highest in Oklahoma (63.8%) fol-
lowed by Mississippi (60.5%) and Alabama (59.7%). The 
ratio between the highest state and the lowest state was 1.4 
(95% CI, 1.2–1.6), which was lower than for the other stroke 
subtype, which ranged from 2.1 to 2.4 (Table 1).

The percentage of unspecified stroke increased with age 
and was 17%, 34%, 48%, 54%, and 61% among deceased 
aged 0 to 44, 45 to 64, 65 to 74, 75 to 84, and ≥85 years, 
respectively (Table 2). The variation in the percentage of 
unspecified stroke across states increased with age; the ratio 
between the highest state and the lowest state was 2.2 (95% 
CI, 1.8–2.7) among the deceased aged 45 to 64 years and 
reduced to 1.4 (95% CI, 1.1–1.6) among the deceased aged 
≥85 years.

The Pearson correlation coefficient between the state per-
centage of unspecified stroke and different state percentages 
of specific stroke subtypes was −0.41 (P<0.001) for subarach-
noid hemorrhage, −0.40 (P<0.001) for intracerebral hemor-
rhage, −0.51 (P<0.001) for cerebral infarction, and −0.51 
(P<0.001) for other and sequelae of cerebrovascular disease 
(Figure 2).

Discussion
The findings of this study indicate that in most states in the 
United States between 2007 and 2009, in more than half of 
stroke deaths, the medical certifier did not specify whether 
the stroke was hemorrhage or infarction. The state variation in 
the percentage of reporting of “unspecified stroke” was large, 
which threatens the comparability of the stroke subtype mor-
tality rate between states. We also found that the state per-
centage of unspecified stroke correlated most with the state 
percentage of “cerebral infarction” and “other and sequelae of 
cerebrovascular disease.”

Despite the advances in imaging diagnosis of the sub-
type of stroke in recent decades, we still found that in more 
than half of stroke deaths in the United States, the medical 
certifiers did not specify whether the stroke was hemor-
rhage or infarction. Because the classification of stroke 
subtype is difficult and requires validation by either MRI 
or CT scan, some of the state variation is due to regional 
differences in access to MRI/CT or use of imaging technol-
ogy (especia lly in elderly patients). The phenomenon of 
the high percentage in reporting of unspecified stroke is 
not unique to the United States. In the United Kingdom, 
the proportion of stroke deaths classified as ill-defined (the 
term used in International Classification of Diseases, 9th 
Revision [ICD-9]) increased from 25% in 1971 to 53% in 
1981, 64% in 1991, and 60% in 1999, and the authors attrib-
uted this increase to changes in diagnostic fashions and the 
propensity to admit uncertainty in the diagnosis of stroke  
subtype.9

All Stroke  
(ICD-10 Codes  

I60–I69)

Subarachnoid  
Hemorrhage  

(ICD-10 Code I60)

Intracerebral  
Hemorrhage 

(ICD-10 Codes 
I61–I62)

Cerebral Infarction 
(ICD-10 Codes  
I63, I65, I66)

Other and Sequelae of  
Cerebrovascular Disease 
(ICD-10 Codes I67, I69)

Stroke, Not Specified as 
Hemorrhage or Infarction 

(ICD-10 Code I64)

No. Percent No. Percent No. Percent No. Percent No. Percent No. Percent

Utah 2241 100.0 95 4.2 395 17.6 69 3.1 432 19.3 1250 55.8

Vermont 771 100.0 26 3.4 93 12.1 47 6.1 201 26.1 404 52.4

Virginia 9858 100.0 355 3.6 2094 21.2 468 4.7 1576 16.0 5365 54.4

Washington 8056 100.0 344 4.3 1603 19.9 475 5.9 1565 19.4 4069 50.5

West Virginia 3282 100.0 132 4.0 659 20.1 150 4.6 515 15.7 1826 55.6

Wisconsin 7877 100.0 282 3.6 1373 17.4 396 5.0 1595 20.2 4231 53.7

Wyoming 676 100.0 37 5.5 146 21.6 26 3.8 88 13.0 379 56.1

Highest (H) 6.4 28.7 6.5 26.1 63.8

Lowest (L) 2.9 12.1 3.1 11.5 45.6

H/L ratio 2.2 2.4 2.1 2.3 1.4

95% CI 1.5–2.9 1.8–3.0 1.6–2.7 1.9–2.6 1.2–1.6

ICD-10 indicates International Classification of Diseases, 10th Revision.

Table 1.  Continued
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Table 2.  No. and Percentage of Deaths From Unspecified Stroke (ICD-10 Code I64) by Age Group in Each State in the United States, 
2007 to 2009

All Ages 0 to 44 y 45 to 64 y 65 to 74 y 75 to 84 y ≥85 y

No. Percent No. Percent No. Percent No. Percent No. Percent No. Percent

USA 209 933 52.6 1573 17.3 17 144 34.2 25 845 48.3 65 466 53.9 99 900 60.6

Alabama 4945 59.7 66 25.9 572 42.2 781 58.7 1605 61.6 1920 70.1

Alaska 234 47.7 2 8.3 24 30.0 35 39.3 80 55.9 93 60.0

Arizona 3554 55.3 23 15.8 252 32.5 464 48.5 1150 57.4 1665 65.5

Arkansas 2932 55.4 40 26.7 313 42.1 429 52.7 933 58.0 1217 61.7

California 19 894 47.2 114 10.4 1514 28.0 2340 43.2 6340 50.6 9585 54.3

Colorado 2367 50.4 25 21.7 150 27.1 275 44.0 730 52.3 1187 59.2

Connecticut 2282 52.4 19 25.7 113 32.0 196 44.2 639 51.1 1315 58.8

Delaware 576 49.9 5 17.2 54 33.8 62 37.8 188 52.7 266 60.2

District of Columbia 292 45.6 3 18.8 38 24.5 42 45.7 96 58.9 113 52.6

Florida 13 242 51.4 93 16.9 1125 34.9 1717 49.2 4246 53.0 6060 57.8

Georgia 6502 56.9 88 20.8 884 40.5 970 53.6 1991 62.0 2569 67.6

Hawaii 1011 51.7 7 15.6 76 26.6 106 45.9 304 54.6 518 62.0

Idaho 997 53.1 4 11.4 53 29.8 107 49.8 317 56.7 516 58.0

Illinois 9206 54.4 63 18.6 719 36.0 1088 49.2 2763 55.4 4573 62.1

Indiana 5163 56.1 41 21.2 377 34.6 629 52.3 1618 57.6 2498 63.9

Iowa 2924 57.9 9 13.6 123 31.5 272 48.7 850 55.8 1670 66.3

Kansas 2558 57.0 9 10.8 159 37.2 263 51.5 730 56.3 1397 64.3

Kentucky 3550 56.3 30 21.3 336 40.2 503 52.2 1113 56.4 1568 65.5

Louisiana 3595 57.1 50 25.0 503 42.8 619 59.9 1139 59.8 1284 64.9

Maine 1092 55.1 6 18.8 37 26.2 101 42.1 348 53.0 600 65.8

Maryland 3596 51.5 26 14.9 313 34.7 426 47.4 1053 51.5 1778 60.0

Massachusetts 4126 50.6 15 12.9 180 28.1 317 39.5 1206 48.4 2408 58.6

Michigan 6490 46.4 42 15.5 502 30.6 691 40.0 2057 47.3 3198 53.2

Minnesota 3417 53.2 12 10.6 131 24.1 302 43.0 929 52.2 2043 62.2

Mississippi 2791 60.5 38 25.7 370 44.0 420 55.0 899 65.3 1064 71.5

Missouri 5098 53.6 35 17.8 371 34.6 635 51.5 1598 54.0 2459 60.8

Montana 756 55.1 6 30.0 51 37.2 78 44.3 220 57.0 401 61.5

Nebraska 1469 55.6 3 7.7 67 28.2 147 46.7 449 55.6 803 64.7

Nevada 1394 53.3 14 12.4 164 32.8 237 50.7 475 60.4 504 67.4

New Hampshire 737 50.1 2 9.5 39 29.5 68 40.7 198 44.6 430 60.7

New Jersey 5439 54.3 45 20.3 377 32.6 575 47.0 1740 55.1 2701 63.4

New Mexico 1160 50.7 3 6.3 92 34.1 152 45.0 371 52.9 542 58.1

New York 9082 49.8 71 15.7 660 29.1 1013 43.6 2767 50.8 4571 59.1

North Carolina 7348 54.0 55 18.0 658 35.1 1023 50.6 2262 54.6 3350 63.6

North Dakota 569 57.4 4 22.2 25 32.9 40 48.2 160 54.4 340 65.3

Ohio 8102 46.5 49 14.2 618 30.3 958 40.2 2593 47.1 3884 54.3

Oklahoma 3936 63.8 38 26.8 441 53.6 596 63.5 1297 65.9 1564 68.2

Oregon 2952 52.3 10 14.5 197 32.9 338 48.3 879 52.2 1528 58.9

Pennsylvania 11 279 53.9 49 15.1 689 33.1 1123 48.2 3604 53.2 5814 61.7

Rhode Island 710 52.7 4 13.8 33 24.4 56 39.2 191 49.2 426 65.2

South Carolina 3680 50.7 43 20.9 435 35.3 592 48.7 1141 53.1 1469 59.8

South Dakota 722 59.0 2 12.5 38 35.5 59 52.2 209 58.7 414 65.5

Tennessee 5642 56.6 59 21.7 555 37.9 824 52.7 1825 59.1 2379 66.5

Texas 14 998 52.5 148 18.1 1503 35.4 2180 51.9 4801 55.0 6366 60.3

Utah 1250 55.8 8 12.1 80 33.3 136 50.7 411 56.8 615 65.2

(Continued)
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In examining the trends in stroke mortality in England, 
Goldacre et al indicated that the majority of stroke deaths in 
the United Kingdom do not have the type of stroke on the 
death certificate (with the exception of subarachnoid hemor-
rhage). The extent to which stroke is certified without speci-
fication of type, and therefore classified and coded as stroke 
unspecified, has varied over time and no doubt varies from 
place to place.13 Goldacre et al13 warned that considerable cau-
tion is needed in interpreting mortality data for occlusive and 
hemorrhagic stroke.

Despite the high percentage of medical certifiers who did 
not specify whether the stroke was hemorrhage or infarction on 
the death certificate, we were not able to infer that these medi-
cal certifiers did not know whether the stroke was hemorrhage 
or infarction. According to 1 study querying 2035 medical 
certifiers who reported ill-defined stroke on death certificates 
for more specific information, of the 1505 who responded, 
1191 (79%) were able to provide more specific information 
to recode the underlying cause of death as a specific stroke 
subtype, for example, 819 of 1191 (69%) were recoded as 
cerebral infarction and 239 of 1191 (20%) were recoded as 
cerebral hemorrhage.14 The investigators further asked some 
responding physicians why they reported only stroke without 
specifying the stroke subtype. The most common responses 
were “I did not know that the diagnosis of stroke is not spe-
cific,” “I was taught to put only stroke,” “all my colleagues 
just record only stroke,” etc.14 In other words, most physicians 

were not taught to report cause-of-death statements as specifi-
cally as possible.

One study that examined Medicare hospital claims for 
stroke provided indirect evidence that most physicians in the 
United States also know the subtype of stroke when complet-
ing the death certificate. The percentage of discharge diag-
noses classified as ill-defined stroke (ICD-9 code 436–437) 
among all strokes (ICD-9 code 430–438) in 2000 Medicare 
beneficiaries was only 17%, 20%, and 28% among patients 
aged 65 to 74, 75 to 84, and ≥85 years, respectively,15 which 
was approximately half of stroke deaths. In other words, on 
many occasions, medical certifiers still reported unspecified 
stroke on death certificates despite a specific subtype diagno-
sis existing in the discharge diagnosis.

Studies of hospital claims for stroke also illustrate great 
state differences in the reporting of ill-defined stroke, which 
ranged from 4% in Rhode Island and 8% in Massachusetts 
to 35% in Oklahoma and 30% in Iowa and South Dakota.15 
McGruder et al15 suggested that geographic patterns in the 
excess reporting of ill-defined strokes in contrast to specific 
subtypes may reflect either regional patterns in financial 
incentives for reimbursement of Medicare hospital claims to 
report specific subtypes or regional differences in medical 
opinion regarding definitions of specific subtypes.

One possible explanation of the state difference in the 
percentage of stroke deaths classified as unspecified stroke 
is that different states apply different levels of querying for  

All Ages 0 to 44 y 45 to 64 y 65 to 74 y 75 to 84 y ≥85 y

No. Percent No. Percent No. Percent No. Percent No. Percent No. Percent

Vermont 404 52.4 2 22.2 17 27.9 37 45.1 124 53.2 224 58.0

Virginia 5365 54.4 43 21.7 456 36.5 720 50.9 1648 54.5 2498 63.0

Washington 4069 50.5 18 13.7 222 28.0 432 42.9 1270 52.4 2127 57.4

West Virginia 1826 55.6 12 26.7 179 41.5 254 50.2 561 53.3 820 65.8

Wisconsin 4231 53.7 19 14.2 231 30.6 380 43.3 1230 53.2 2371 62.4

Wyoming 379 56.1 1 10.0 28 34.6 37 39.4 118 58.1 195 67.7

Highest (H) 63.8 30.0 53.6 63.5 65.9 71.5

Lowest (L) 45.6 6.3 24.1 37.8 44.6 52.6

H/L ratio 1.4 4.8 2.2 1.7 1.5 1.4

95% CI 1.2–1.6 0.1–11.5 1.8–2.7 1.2–2.1 1.3–1.7 1.1–1.6

ICD-10 indicates International Classification of Diseases, 10th Revision.

Table 2.  Continued
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Figure 2.  Scatterplot of the state per-
centages of stroke deaths classified as 
“unspecified stroke” and the state per-
centages of stroke deaths classified as 
“cerebral infarction” (left) and “sequelae 
of stroke” (right).
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unspecific cause-of-death statements. Cause-of-death query-
ing as defined by the National Center for Health Statistics is 
a process by which the state health department contacts the 
medical certifier who completed the cause of death statement 
and asks for clarification or further information so that the 
resulting mortality statistics may be as complete and accurate 
as possible.16 However, according to a survey of state health 
departments in the United States, the median number of 
records queried for cause-of-death issues by registration areas 
was 5%, with areas in the lowest quartile querying approxi-
mately 1% and areas in the highest quartile querying ≥10%.17

Several limitations of this study should be noted. First, we 
were unable to obtain information regarding the characteris-
tics of the medical certifiers who issued the death certificates 
or the clinical setting. This information is very important if 
we want to design relevant interventions to improve the qual-
ity of stroke subtype mortality data. Second, we did not have 
the query rate in each state and did not know whether the 
state health department queried medical certifiers when they 
reported unspecified stroke. In other words, we could not dif-
ferentiate whether the state differences in stroke deaths clas-
sified as unspecified stroke were due to state differences in 
the certification behaviors of medical certifiers or due to state 
differences in the level of the query program.

It was not the objective of this study to assess the accuracy 
of the subtype stroke diagnosis reported on the death certifi-
cate. Despite several studies having examined the accuracy of 
stroke diagnosis on the death certificate, most focused on the 
underestimation of stroke deaths, and only a few focused on 
the validity of the stroke subtype.9,14,18–20 These validity studies 
suggested that most of the unspecified strokes were cerebral 
infarction. The findings of this study also suggest that the state 
percentage of unspecified stroke correlated most with the state 
percentage of cerebral infarction and “other and sequelae of 
cerebrovascular disease.”

Further studies are needed to use other information in CDC 
WONDER databases such as place of death (hospital versus 
nursing home), remoteness of death in relation to date of stroke, 
and other comorbid conditions reported on the death certifi-
cates to better clarify the possible factors associated the state 
variations in reporting “unspecified strokes.” Because stroke is 
frequently nonlethal and the intensity of workup depends on 
other coexisting conditions (dementia, cancer, and cardiovas-
cular diseases), these variations are related to nonstroke factors.

In conclusion, in light of the high proportion of reporting 
of unspecified stroke on death certificates and the high varia-
tion in the percentage of reporting unspecified stroke across 
states, the comparability of state stroke subtype mortality rates 
is severely threatened. It is imperative to implement relevant 
interventions to improve the quality of subtype stroke mortal-
ity data. Querying medical certifiers who report unspecified 
stroke on the death certificate for more specific information on 
the stroke subtype is a very intuitive and direct way of improv-
ing the quality of stroke subtype mortality data.
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