
Xiao et al. Population Health Metrics            (2023) 21:2  
https://doi.org/10.1186/s12963-023-00300-2

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Population Health Metrics

Automatic electronic reporting improved 
the completeness of AMI and stroke incident 
surveillance in Tianjin, China: a modeling study
Hong Xiao1*, Fang Liu2 and Joseph M. Unger1 

Abstract 

Background AMI and stroke are the leading causes of premature mortality and hospitalizations in China. Incidence 
data at the population level for the two diseases is limited and the reliability and completeness of the existing inci-
dence registry have not been investigated. We aim to assess if the completeness of case ascertainment of AMI and 
stroke incidence has improved since the implementation of electronic reporting and to estimate the incidence of AMI 
and stroke in Tianjin, China.

Methods We applied the DisMod II program to model the incidence of AMI and stroke from other epidemiological 
indicators. Inputs include mortality rates from Tianjin’s mortality surveillance system, and the point prevalence, remis-
sion rates and relative risks taken from IHME’s Global Burden of Disease studies. The completeness of AMI and stroke 
incidence reporting was assessed by comparing the sex and age-specific incidence rates derived from the incidence 
surveillance system with the modeled incidence rates.

Results The age and sex standardized modeled incidence per 100,000 person-year decreased (p < 0.0001) from 138 
in 2007 to 119 in 2015 for AMI and increased (p < 0.0001) from 520 in 2007 to 534 in 2015 for stroke. The overall com-
pleteness of incidence report was 36% (95% CI 35–38%) for AMI and 54% (95% CI 53–55%) for stroke. The complete-
ness was higher in men than in women for both AMI (42% vs 30%, p < 0.0001) and stroke (55% vs 53%, p < 0.0001) and 
was higher in residents aged 30–59 than those aged 60 or older for AMI (57% vs 38%, p < 0.0001). The completeness of 
reporting increased by 7.2 (95% CI 4.6–9.7) and 15.7 (95% CI 14.4–16.9) percentage points for AMI and stroke, respec-
tively, from 2007 to 2015 among those aged 30 or above. The increases were observed in both men and women 
(p < 0.0001) and were more profound (p < 0.0001) among those aged between 30 and 59 and occurred primarily dur-
ing the 2010 and 2015 period.

Conclusions Completeness of AMI and stroke incidence surveillance was low in Tianjin but has improved in recent 
years primarily owing to the incorporation of an automatic reporting component into the information systems of 
health facilities.

Keywords Stroke, Acute myocardial infarction, DisMod, Incidence surveillance

Introduction
Reliable estimations of representative population-level 
disease incidence are crucial for the prioritization of 
health service planning and policy making, and pro-
vide important indicators for assessing the effective-
ness of preventive measures and management of risk 
factors. Such estimates also provide essential inputs for 
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the calculation of the Disability-Adjusted Life Year, a 
vital metric for the evaluation of burden of diseases [1]. 
Estimates of epidemiological data come from different 
sources: mortality data are typically derived from civil 
registration and vital statistics, while incidence data are 
from disease registry or population-level cohort studies 
[2]. For many diseases, incidence is often more difficult 
to measure than mortality due to substantial incomplete-
ness and significant internal inconsistency [3]. Lack of 
consistency in epidemiology estimates, an indicator for 
potential measurement error, exists even within a well-
defined population [2].

AMI and stroke are major causes of hospitalization 
and the leading causes of premature mortality [4, 5] in 
China. Given the increasing burden of AMI and stroke, 
it is essential to monitor their incidence. Empirical data 
on the incidence of the two diseases at either national or 
sub-national levels are limited. Existing data sources do 
not yield sufficient and long-term continuous AMI inci-
dence information [6–9]. For instance, the China Acute 
Myocardial Infarction Registry covered over 100 hos-
pitals from all provinces and municipalities throughout 
Mainland China. The registry, which obtains clinical 
characteristics, diagnosis, treatment and outcomes of 
Chinese AMI patients, may not provide AMI incidence 
estimates that fully represent what occurs at the popula-
tion level [4].

Tianjin, the third largest city (population 15.6 million) 
in China, has been routinely collecting incidence data 
of major non-communicable diseases (NCDs) includ-
ing AMI and stroke through the Incidence Surveillance 
System established in 1984. In 2007, Tianjin incorpo-
rated the NCDs Incidence Surveillance component into 
the Hospital Information System (HIS) of pilot hospitals, 
reporting new cases directly via HIS rather than exclu-
sively relying on conventional manually reporting cards. 
The derived incidence estimates have been utilized in 
burden of disease studies, despite the fact that the quality 
of the data—including evaluations of data completeness 
and consistency with external datasets or other relevant 
epidemiological indicators—has not be investigated 
[10–12].

Originally developed for the Global Burden of Disease 
studies, DisMod II has been extensively used to supple-
ment observational data and assess internal consistency 
[2]. DisMod II is a multistate life table that describes the 
transitions between the disease states “health”, “diseased” 
and “dead” by using the transition rates from incidence 
to remission to case fatality [13]. By solving a set of lin-
ear differential equations, DisMod II can estimate age-
specific incidence as well as prevalence of a disease given 
sufficient data on other disease variables. Compared with 
DisMod, an Incidence–Prevalence–Mortality model that 

requires three transition hazards incidence (from health 
to disease), remission (from disease to health) and case 
fatality (from disease to cause-specific death) as inputs, 
DisMod II allows for a wider range of input variables 
including incidence as a population rate, prevalence, 
duration, and mortality. Further, the application of Dis-
Mod II in estimating the incidence of a disease does not 
require multiple independent incidence data sources as 
prerequisites, a limitation inherent in the capture-recap-
ture approach.

In this study, we examined the completeness and con-
sistency of the reported AMI and stroke incidence rate 
by comparing the observed rates with model-based pre-
dicted incidence rates, and assessed if the completeness 
of reported incidence in Tianjin has improved since the 
introduction of the direct automatic reporting through 
HIS.

Methods
Data
Incidence rate
The age- and sex specific incidence rate data have been 
published elsewhere and are publicly available [10, 14, 
15]. Incidence cases in published datasets were origi-
nally extracted from the Incidence Surveillance System 
in Tianjin, which was initially launched for a community-
based program on the prevention and control of major 
NCDs including AMI and stroke [12]. The study subjects 
are residential registered cases who have experienced 
AMI or stroke, diagnosed by a hospital or clinic in 2007, 
2010 or 2015. Cases were included in the dataset if they 
met all the following inclusion criteria:

1. Stroke detected and diagnosed by a medical practi-
tioner within 28 days of onset;

2. AMI/stroke onset within the study period. Recur-
rence within 28  days was not included in incidence 
calculations, and recurrence after 28  days was con-
sidered as a new case;

3. Registered permanent (Hukou) resident of Tianjin at 
the time of AMI/stroke onset. Hukou based registra-
tion a household registration record officially identi-
fies a person as a permanent resident of an area and 
includes identifying information such as name, par-
ents, spouse and date of birth.

The recording process and quality control of the data 
have been described elsewhere [16]. New case report-
ing cards were required to be completed or entered into 
the Non-Communicable Disease Incidence Surveillance 
System by clinicians in hospitals or community clin-
ics in Tianjin. The records include gender, date of birth, 
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the diagnosis and diagnostic basis, date of events, job 
type, insurance status, smoking status, and district of 
residence. In 2007, the Tianjin CDC (Center for Disease 
Control and Prevention) incorporated the NCDs inci-
dence surveillance component into the HIS of pilot hos-
pitals [17]. By 2015, over 70% of the new cases from the 
chronic non-communicable incidence surveillance sys-
tem were reported directly via HIS [18]. New cases in the 
surveillance system, either reported by cards or via HIS, 
were verified through various methods including regular 
training for doctors and checking daily reports for recur-
rence, logical errors and codes on a case-by-case basis at 
three levels (hospital, district and municipal CDC).

Incidence classification was coded in accordance with 
the International Classification of Disease, 10th Edi-
tion (ICD-10). The diseases used as incidence outcome 
measures in this study are AMI (ICD-10, I21) and stroke 
(ICD-10, I60-I64). Definitions included patients with 
symptoms, and imaging, laboratory and clinical examina-
tions. Hemorrhagic stroke was defined as a stroke event 
with the diagnosis of subarachnoid hemorrhage or intrac-
erebral hemorrhage, and ischemic stroke was defined as a 
stroke event with the diagnosis of thrombosis or embo-
lism (hemorrhagic stroke ICD-10: I60, I61, I62; ischemic 
stroke: I63).

Cause‑specific mortality rate
The age- and sex specific mortality rate of AMI and stroke 
for the year 2007, 2010 and 2015 were extracted from 
published reports and datasets [15, 19]. The original data 
were obtained from the all-cause mortality surveillance 
system, which monitors the entire residential population 
of the city. Deaths were ascertained through the proce-
dures that have been proposed to be used in the Disease 
Surveillance Points in China. The recording process and 
quality control of the data have been described elsewhere 
[16, 20]. In brief, practicing clinicians from hospitals or 
community clinical centers completed death certificates 
and submitted them to the mortality surveillance system. 
Trained community clinicians (community health work-
ers or village doctors) investigated the underlying causes 
of non-hospital deaths by interviewing relatives of the 
deceased and by reviewing available medical records on 
a door-to-door basis. The district and municipal CDCs 
oversee and check the quality of death certificates at the 
primary and secondary levels, respectively. The municipal 
CDC also provides technical training and support to staff 
involved in the surveillance process [20]. Cause of death 
classification for the study period was based on ICD-10.

Prevalence, remission rate and relative risk
Data on the prevalence, remission rate and relative risk 
of AMI and stroke in Tianjin were taken from the Global 

Burden of Disease (GBD) and Local Burden of Disease 
(LBD) studies conducted by the Institute for Health 
Metric and Evaluation (IHME). These epidemiological 
estimates were modeled using the DisMod-MR 2.0, a 
Bayesian mixed-effects meta-regression modeling tech-
nique developed for IHME’s GBD/LBD studies [21]. 
The estimates are initially made at the global level then 
sequentially revised down to the national and subnational 
levels using progressively more detailed data.

The prevalence, expressed as a proportion, is the num-
ber of cases in a population at a moment in time. The 
remission rate is the number of cases that resolve or are 
cured per person-year among patients. The incidence 
rate is the number of new cases per person-year. Stroke 
events are categorized into four groups in IHME’s data-
set: acute/chronic ischemic stroke, and acute/chronic 
hemorrhage stroke. We used the sum of the prevalence 
of each stroke subtype as the prevalence of all stroke, and 
the weighted mean of the remission rates/relative risks as 
the remission rate/relative risk of all stroke. The percent 
weight given to each subtype was calculated as its frac-
tion of all stroke prevalence. As the estimates from GBD 
studies were not produced on a yearly basis, we utilized 
the 2016 estimates and the mean of the estimates for the 
year 2005 and 2010 as the approximation for inputs of 
DisMod II for the year 2015 and 2007, respectively.

Population structure
Single-year permanent population estimates by sex and 
five-year age groups were taken from the Residence Reg-
istry Section of the Municipal Bureau of Public Security. 
We used WHO World Standard Population based on 
world average population between 2000 and 2025 for 
the purpose of calculating age standardized rates. Ethi-
cal approval for this study is not required because all data 
sources are publicly available aggregated data.

Model setting and analysis
The raw input data and population data were recorded 
by sex and 5-year age groups. To produce smooth rates 
for the modeled outputs, DisMod II first interpolates 
the input data into single age estimates using a cubic 
spline model for all input data (mortality rate, preva-
lence, remission rate and relative risk). Figure 1 shows the 
model input data (both original and smoothed) by age for 
AMI in men in 2007.

Analyses were conducted with and without account-
ing for trends in incidence rates. When trends were 
accounted for, an annual change in the AMI incidence 
rate of − 2% for both males and females, and an annual 
change in the stroke incidence rate of 3% and 2% for 
males and females, respectively, since the year 2000 
were incorporated into the models. These trends were 
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based on studies of AMI and stroke trends in Tianjin 
[10, 12, 22, 23]. We conducted DisMod II uncertainty 
analysis to assess the 95% confidence interval of the 
modeled incidence estimates. In the uncertainty analy-
sis, DisMod II conducts a bootstrapping exercise where 
the input variables are assumed to follow a specific dis-
tribution. We allowed the estimates of AMI and stroke 
prevalence to vary with a normal distribution and set 
the number of bootstrap iterations to 100. Analyses of 
uncertainty for models that included trends did not 
converge under our modeling framework; uncertainty 
estimates in these cases were not provided.

We calculated the proportion of incidence cases 
ascertained by the incidence surveillance system (com-
pleteness of reporting) as the observed incidence rate 
divided by the modeled incidence rate accounting for 
trends (the incidence rate ratio, IRR). We tested if the 
IRR increased from 2007 to 2010 and 2015 using one-
sided Z-test. All the statistical tests were performed 
with R Version 3.5.3 using a 0.05 significance level. 
The RECORD (REporting of studies Conducted using 
Observational Routinely-collected health Data) guide-
lines were followed. DisMod II analytical software tool 
is freely available for use and can be downloaded from 
http:// www. epige ar. com/ index_ files/ dismod_ ii. html. 
The datasets analyzed in the study are available from 
the corresponding author upon request.

Results
23,371 AMI incident cases and 152,394 stroke incident 
cases were ascertained by Tianjin’s incidence surveil-
lance system for the three years, which constituted an 
age-standardized incidence rate of 51 (male 65, female 
36) and 316 (male 389, female 242) per 100,000 popula-
tion per year for AMI and stroke, respectively. Overall, 
92.4% of the AMI incident cases were diagnosed based 
on electrocardiography (ECG) and/or imaging examina-
tion including ultrasound test and coronary angiogra-
phy (CAG), and 93.7% of the stroke incident cases were 
diagnosed based on CT or MRI scanning. The overall 
observed AMI incidence to mortality rate ratio was 0.90 
(95% CI 0.88–0.91) from 2007 to 2015, and observed 
stroke incidence to mortality rate ratio increased signifi-
cantly from 2.90 (95% CI 2.84–2.96) in 2007 to 7.71 (95% 
CI 7.54–7.90) in 2015 (Additional file 1: Figure S1).

Table  1 shows that AMI and stroke incidence rates, 
both reported and modeled, are higher (p < 0.0001) in 
men than in women, and are higher (p < 0.0001) in older 
age groups than in younger age groups. The observed 
AMI incidence rate showed a monotonic downward 
trend from 2007 to 2015 for both men and women, and 
for the majority of age groups. The observed stroke inci-
dence rate showed a monotonic upward trend for both 
men and women, and for all the age groups, with the 
upward trend becoming more pronounced after 2010. An 

Fig. 1 The data inputs for the DisMod II: actual and smoothed AMI prevalence, remission and mortality rate for male in 2007. Relative risk is not 
presented in the graph given the scale of y-axis

http://www.epigear.com/index_files/dismod_ii.html


Page 5 of 11Xiao et al. Population Health Metrics            (2023) 21:2  

Ta
bl

e 
1 

N
um

be
r a

nd
 ra

te
 o

f A
M

I/s
tr

ok
e 

in
ci

de
nc

e 
in

 T
ia

nj
in

, 2
00

7,
 2

01
0 

an
d 

20
15

*W
ith

 tr
en

d

**
St

an
da

rd
iz

ed
 in

ci
de

nc
e 

ra
te

N
um

be
r

In
ci

de
nc

e 
ra

te
**

 p
er

 1
00

, 0
00

 (9
5%

 c
on

fid
en

ce
 in

te
rv

al
)

20
07

20
10

20
15

20
07

20
10

20
15

O
bs

er
ve

d
D

is
M

od
 II

D
is

M
od

 
II*

O
bs

er
ve

d
D

is
M

od
 

II
D

is
M

od
 

II*
O

bs
er

ve
d

D
is

M
od

 
II

D
is

M
od

 
II*

O
bs

er
ve

d
D

is
M

od
 II

D
is

M
od

 
II*

O
bs

er
ve

d
D

is
M

od
 II

D
is

M
od

 
II*

O
bs

er
ve

d
D

is
M

od
 II

D
is

M
od

 
II*

A
M

I  M
en

  0
–2

9
21

20
3

20
0

16
22

9
22

6
16

21
8

21
5

1 
(0

, 1
)

12
 (1

1,
 1

3)
12

1 
(0

,1
)

13
 (1

1,
 1

4)
13

1 
(0

, 1
)

13
 (1

1,
 1

4)
13

  3
0–

64
16

34
25

60
25

27
17

38
28

46
28

06
19

50
27

87
27

51
61

 (5
8,

 6
5)

96
 (8

7,
 1

05
)

95
61

 (5
87

 6
4)

98
 (8

7,
 1

06
)

97
69

 (6
5,

 7
2)

96
 (8

7,
 1

02
)

95

  6
5+

28
70

65
48

64
87

29
56

79
54

78
00

33
91

77
22

76
49

38
0 

(3
64

, 3
96

)
88

0 
(8

08
, 9

17
)

87
2

34
4 

(3
22

, 3
47

)
91

7 
(8

40
, 9

76
)

90
1

31
1 

(2
92

, 3
16

)
67

0 
(6

16
, 

69
7)

70
5

  T
ot

al
45

25
93

11
92

15
47

10
11

,0
29

10
,8

32
53

57
10

,7
27

10
,6

15
69

 (6
6,

 7
1)

14
7 

(1
34

, 1
55

)
14

6
64

 (6
2,

 6
6)

16
3 

(1
39

, 1
63

)
15

0
63

 (6
1,

 6
5)

12
2 

(1
12

, 
12

9)
12

6

 W
om

en

  0
–2

9
3

16
0

15
8

4
21

2
21

0
3

20
4

20
2

1 
(0

,1
)

10
 (9

, 1
2)

10
1 

(0
, 1

)
13

 (1
2,

 1
4)

13
1 

(0
, 1

)
13

 (1
2,

 1
4)

13

  3
0–

64
38

0
12

98
12

83
48

4
12

43
12

25
45

2
10

01
98

7
14

 (1
2,

 1
6)

50
,9

44
, 5

3)
49

16
 (1

5,
 1

8)
43

 (3
8,

 4
7)

43
15

 (1
3,

 1
7)

34
 (3

0,
 3

7)
34

  6
5+

23
65

72
20

71
71

24
05

93
66

92
89

26
83

91
04

90
10

28
3 

(2
69

, 2
97

)
86

9 
(7

98
, 9

22
)

86
3

25
2 

(2
39

, 2
65

)
95

2 
(8

75
, 1

00
2)

94
4

23
6 

(2
24

, 2
49

)
68

7 
(6

24
, 

72
7)

75
1

  T
ot

al
27

48
86

78
86

12
28

93
10

,8
21

10
,7

24
31

38
10

,3
09

10
,1

99
39

 (3
7,

 4
1)

12
8 

(1
16

, 1
36

)
12

7
36

 (3
5,

 3
8)

13
7 

(1
25

, 1
45

)
13

5
34

 (3
2,

 3
5)

10
2 

(9
2,

 1
08

)
10

9

St
ro

ke

 M
en

  0
–2

9
50

86
6

10
86

65
78

7
90

8
12

9
60

0
68

2
2 

(1
, 3

)
47

 (4
0,

 5
2)

57
3 

(2
, 3

)
40

 (3
3,

 4
8)

45
5 

(4
, 6

)
34

 (2
9,

 3
8)

38

  3
0–

64
79

78
13

,6
60

16
,1

14
94

88
15

,2
76

16
,7

29
13

,2
10

15
,3

88
16

,9
28

29
4 

(2
86

, 3
02

)
51

4 
(4

53
, 5

76
)

60
8

32
0 

(3
11

, 3
28

)
52

6 
(4

70
, 5

85
)

57
7

45
3 

(4
44

, 4
63

)
52

8 
(4

60
, 

59
5)

58
2

  6
5+

14
,8

63
25

,4
70

29
,6

65
17

,3
99

29
,4

42
31

,9
92

25
,9

44
38

,8
99

42
,7

17
19

65
 (1

92
9,

 2
00

1)
33

84
 (3

03
8,

 6
74

)
39

43
20

40
 (2

00
4,

 
20

76
)

34
44

 (3
06

6,
 

37
96

)
37

43
23

96
 (2

35
8,

 2
43

5)
35

34
 (3

07
5,

 
39

39
)

39
50

  T
ot

al
22

,8
91

39
,9

95
46

,8
65

29
,3

64
45

,5
05

49
,6

29
39

,2
83

54
,8

88
60

,3
27

34
5 

(3
40

, 3
51

)
62

0 
(5

52
, 6

80
)

72
7

36
4 

(3
59

, 3
70

)
62

8 
(5

58
, 6

96
)

68
5

45
8 

(4
52

, 4
64

)
63

6 
(5

54
, 

70
9)

70
8

 W
om

en

  0
–2

9
31

35
8

38
1

30
43

2
46

7
63

42
1

45
0

1 
(1

, 2
)

23
 (1

6,
 3

0)
24

1 
(1

, 2
)

26
 (1

7,
 3

2)
28

3 
(2

, 3
)

27
 (2

3,
 3

0)
29

  3
0–

64
39

48
10

,1
06

10
,7

13
45

05
11

,1
30

11
,8

84
60

15
98

47
10

,5
48

14
5 

(1
40

, 1
51

)
38

1 
(3

08
, 4

47
)

40
4

14
8 

(1
42

, 1
53

)
38

6 
(3

11
, 4

64
)

41
2

20
2 

(1
95

, 2
08

)
33

8 
(2

50
, 

42
0)

36
7

  6
5+

10
,9

90
18

,7
82

20
,0

02
13

,8
03

21
,7

19
23

,3
23

19
,5

75
27

,9
75

30
,3

92
13

43
 (1

31
3,

 1
37

3)
22

27
 (1

88
1,

 
25

26
)

24
42

14
92

 (1
46

1,
 

15
24

)
22

93
 (1

93
7,

 
26

03
)

24
93

16
86

 (1
65

3,
 1

72
0)

23
24

 (1
80

2,
 

28
29

)
25

81

  T
ot

al
14

,9
69

29
,2

46
31

,0
96

20
,2

34
33

,2
81

35
,6

74
25

,6
53

38
,2

44
41

,3
89

21
5 

(2
11

, 2
20

)
42

0 
(3

48
, 4

83
)

45
5

23
4 

(2
30

, 2
38

)
42

8 
(3

55
, 4

93
)

46
6

27
8 

(2
73

, 2
83

)
41

8 
(3

20
, 

51
0)

45
8



Page 6 of 11Xiao et al. Population Health Metrics            (2023) 21:2 

overall decrease in modeled AMI incidence and increase 
in modeled stroke incidence rates, including estimates 
that both did and did not account for temporal trends, 
were found among men and women for the majority of 
age groups. The age and sex standardized modeled inci-
dence per 100,000 person-years decreased (p < 0.0001) 
from 138 (95% CI 125–145) in 2007 to 119 (95% CI 113–
125) in 2015 for AMI and increased (p < 0.0001) from 520 
(95% CI 450–582) in 2007 to 534 (95% CI 534–618) in 
2015 for stroke.

Figure  2 presents the age-specific observed and mod-
eled incidence rates for AMI and stroke in 2007 and 2015. 
The figures show that the reported incidence rates are 
significantly lower than the modeled estimates for both 
men and women. The trended estimates from DisMod 
II for stroke incidence is higher than the non-trended 
estimates. The overall ratio of observed to modeled inci-
dence was approximately 38.8% and 57.5% for AMI and 
stroke, respectively. Table  2 presents the sex and age-
group specific ratio of observed to modeled incidence 
rate, both trended and non-trended estimates, for AMI 
and stroke. For AMI, there is no significant difference 
between trended and non-trended ratios, for either men 

or women, and either younger or older groups. While 
for stroke, the trended ratio is lower (p < 0.05) than non-
trended one for both men and women, and both younger 
and older groups. The trended ratio for AMI increased 
significantly from 2007 to 2015 in the 30–59 age group 
for both men (0.64 vs 0.73, p = 0.026) and women (0.29 vs 
0.44, p < 0.0001). The trended ratio for stroke increased in 
both the younger (30–59) age group (0.48 verse 0.78 for 
men, and 0.36 verse 0.55 for women, all p < 0.0001), and 
the older (≥ 60) age group (0.50 verse 0.61 for men, and 
0.55 verse 0.65 for women, all p < 0.0001).

For those aged 30 years or above, the ratio was higher 
in men than in women, for both AMI and stroke inci-
dence, and for both younger subgroup (age 30–59) and 
older subgroup (age ≥ 60), except for stroke incidence 
among the older age group (age ≥ 60). For the 60-plus 
age group, the ratio for stroke was consistently higher 
(p < 0.0001) than that for AMI for both men and women. 
For the 30–59 age group, the ratio for stroke was lower 
(p < 0.0001) in 2007 and 2010, but higher (p = 0.058) in 
2015 than that for AMI. Figure 3 illustrates the age-spe-
cific ratio of reported to modeled incidence rate for AMI 
and stroke by sex and year. It shows that the increases 

Fig. 2 Age specific incidence rates of AMI and stroke in Tianjin, 2007 and 2015. Note: The line for the modeled AMI incidence and that for the 
modeled AMI incidence accounting for trends virtually overlap
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in the ratio for both AMI and stroke occurred primarily 
during the 2010 and 2015 period.

Discussion
This is the first published study that aims to estimate the 
completeness of routine incidence surveillance for car-
diac and cerebrovascular diseases in Tianjin. Our findings 
indicate that the overall case ascertainment was approxi-
mately 39% and 58% for AMI and stroke, respectively. 
Eliminating trends in the incidence rate of stroke in the 
DisMod II settings resulted in observed and estimated 
stroke incidence being less divergent at both younger and 
older ages than without trends. From 2007 to 2015, an 
overall increase in the estimated completeness for both 
AMI and stroke was observed, predominantly attributed 
to the improvement in the case reporting among the 
population aged 60 years or younger after the year 2010.

The relatively low overall completeness of routine inci-
dence reporting under passive surveillance in Tianjin 
could be attributed to several major reasons. First, neither 
cause-specific mortality data nor healthcare claim data 
has been linked to the incidence surveillance of the two 
diseases. Passive incidence registry is often unlikely to 
capture incident cases that lead to sudden deaths before 
patients reach health facilities. The average time from 
AMI symptoms onset to hospital arrival is 4 h in China 

[24]. In Tianjin, over 70% of AMI and stroke deaths occur 
at home [25], indicating that successfully identifying and 
deriving death certificates cases is important to supple-
ment incidence surveillance data. In addition, the inci-
dence registry in Tianjin fails to record incidence cases 
in instances where healthcare is either not sought, or is 
accessed in health facilities out of Tianjin. Healthcare 
claim data, routinely collected by the Municipal Bureau 
of Human Resources and Social Security, are important 
to AMI and stroke incidence surveillance as a means of 
finding cases not captured by local health facilities. Sec-
ond, patients with minor events may be less likely to seek 
medical care urgently and are more often coded as a non-
specific “other” diagnosis in the administrative database 
of health facilities. The proportion of patients with minor 
stroke is higher than reported in even high-quality stroke 
incidence studies and the underestimation is likely to 
be much greater in incidence surveillance from low-to-
middle income countries, where healthcare utilization 
is often low [26]. However, it’s impossible to estimating 
the number of minor cases in Tianjin is problematic since 
incidence rates stratified by disease severity were not 
presented in our dataset. Lastly, unlike death certificates 
that are required by law to be completed and submitted 
by practicing clinicians from health facilities, AMI and 
stroke incidence reporting is not mandatory in Tianjin 

Table 2 Ratio of reported to modeled* incidence rate of AMI and stroke in Tianjin, 2007, 2010 and 2015

* With trend

2007 2010 2015

Male Female Male Female Male Female

AMI

 0–29 0.07 (0.05, 0.11) 0.01 (0.00, 0.04) 0.05 (0.03, 0.09) 0.01 (0.01, 0.03) 0.05 (0.03, 0.08) 0.01 (0.00, 0.03)

 30–60 0.64 (0.59, 0.69) 0.29 (0.25, 0.33) 0.62 (0.57, 0.67) 0.38 (0.33, 0.43) 0.72 (0.67, 0.77) 0.43 (0.37, 0.50)

 60+ 0.43 (0.42, 0.45) 0.33 (0.31, 0.35) 0.38 (0.36, 0.40) 0.26 (0.25, 0.28) 0.44 (0.41, 0.46) 0.31 (0.29, 0.33)

 Total 0.47 (0.45, 0.49) 0.31 (0.29, 0.33) 0.42 (0.40, 0.44) 0.27 (0.25, 0.28) 0.50 (0.48, 0.52) 0.31 (0.29, 0.32)

AMI*

 0–29 0.07 (0.05, 0.12) 0.01 (01, 0.04) 0.05 (0.03, 0.09) 0.01 (0.01, 0.03) 0.05 (0.03, 0.08) 0.01 (0.00, 0.03)

 30–60 0.64 (0.60, 0.69) 0.29 (0.25, 0.33) 0.63 (0.58, 0.68) 0.38 (0.34, 0.44) 0.73 (0.68, 0.78) 0.44 (0.38, 0.51)

 60+ 0.44 (0.41, 0.46) 0.33 (0.31, 0.35) 0.38 (0.36, 0.40) 0.27 (0.25, 0.28) 0.44 (0.42, 0.47) 0.31 (0.30, 0.33)

 Total 0.47 (0.45, 0.49) 0.31 (0.29, 0.33) 0.43 (0.41, 0.45) 0.27 (0.25, 0.28) 0.5 (0.48, 0.52) 0.31 (0.29, 0.33)

Stroke

 0–29 0.05 (0.04, 0.06) 0.06 (0.04, 0.09) 0.06 (0.05, 0.08) 0.04 (0.03, 0.06) 0.15 (0.13, 0.18) 0.10 (0.08, 0.13)

 30–60 0.57 (0.55, 0.59) 0.38 (0.36, 0.40) 0.61 (0.59, 0.63) 0.38 (0.37, 0.40) 0.86 (0.83, 0.88) 0.60 (057, 0.62)

 60+ 0.58 (0.57, 0.59) 0.59 (0.57, 0.60) 0.59 (0.58, 0.61) 0.64 (0.63, 0.66) 0.67 (0.65, 0.68) 0.71 (0.69, 0.73)

 Total 0.56 (0.55, 0.57) 0.5 (0.49, 0.52) 0.58 (0.57, 0.59) 0.54 (0.53, 0.55) 0.71 (0.70, 0.72) 0.66 (0.64, 0.67)

Stroke*

 0–29 0.04 (0.03, 0.05) 0.06 (0.04, 0.08) 0.06 (0.04, 0.07) 0.04 (0.03, 0.06) 0.14 (0.11, 0.16) 0.09 (0.07, 0.13)

 30–60 0.48 (0.47, 0.50) 0.36 (0.34, 0.38) 0.55 (0.54, 0.57) 0.36 (0.34, 0.37) 0.78 (0.76, 0.80) 0.55 (0.53, 0.57)

 60+ 0.50 (0.49, 0.51) 0.55 (0.53, 0.57) 0.55 (0.53, 0.56) 0.6 (0.58, 0.61) 0.61 (0.59, 0.62) 0.65 (0.64, 0.67)

 Total 0.48 (0.47, 0.48) 0.47 (0.46, 0.48) 0.53 (0.52, 0.54) 0.50 (0.49, 0.51) 0.65 (0.64, 0.66) 0.61 (0.59, 0.62)
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[12]. Although local health workers have been trained 
to submit accurate and timely case reports, the report-
ing frequency of health workers and/or facilities has not 
been continuously monitored. The passive surveillance 
in Tianjin relies heavily on an extensive network and 
the cooperation of health workers at all levels of facili-
ties. It is difficult to assure the completeness and timeli-
ness of data submission without individualized feedback 
or incentives for health workers and health facilities. In 
their absence, the distributions of monthly incident cases 
by health facility appear to demonstrate spurious fluctua-
tions and zero reporting during the study period [25].

Our results suggest that the estimated completeness 
of reporting of AMI and stroke incidence was lower in 
female and older population, which could, in part, be 
explained by behavioral, diagnostic and pathological fac-
tors. The age of patients in China is negatively associ-
ated with the decision to seek health care [27, 28], likely 
owing to limited access to healthcare services and health 
insurance availability. Women in China are less likely to 
seek health care due to higher sensitivity to cost, social 

power relations and inherent inequality [27, 29]. It has 
been reported that un-witnessed sudden cardiac death 
is more likely to occur among women and older people 
[30] due to unusual pathophysiological mechanisms [31, 
32], lower awareness of the warning signs and symptoms 
[33] and a higher chance of being unemployed and/or liv-
ing alone. This hypothesis is supported by evidence that a 
higher proportion of AMI and stroke deaths for women 
and older people in Tianjin occur at home [25]. In addi-
tion, women have less typical symptoms than men and 
women with minor stroke or transient ischemic attack 
are less likely to be diagnosed with a stroke despite hav-
ing similar symptoms at presentation [34].

The improvement in the estimated completeness could 
be attributed to several factors. First, Tianjin started to 
incorporate NCDs Incidence Surveillance program into 
the HIS of some pilot hospitals in 2007, before which 
new incident cases were exclusively reported through 
manually completed paper cards. By 2015, over 70% of 
new cases from the chronic non-communicable inci-
dence surveillance system were reported directly via 

Fig. 3 Age-specific ratio of reported to modeled incidence rate (trended) of AMI and stroke by sex and year. Red, green and blue solid lines 
represent estimates for 2007, 2010 and 2015, respectively. Dashed lines are upper and lower boundaries of the 95% confidence intervals
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HIS. The automatic reporting component embedded in 
HIS significantly reduced the workload of health work-
ers, improving the timeliness and continuity of routine 
case reporting. Second, out-of-pocket costs are associ-
ated with prolonged time in care-seeking and hospital 
arrival after the onset of cardiovascular disease in China 
[24]. China’s health care system reform beginning in 2009 
has rapidly expanded health insurance coverage, signifi-
cantly reducing the share of out-of-pocket expenditure 
and increasing the accessibility and timely utilization of 
healthcare services [35]. Increased access to and utiliza-
tion of healthcare services allows the primary care com-
puter systems to systematically identify patients with 
cardiovascular and cerebrovascular disease [36].

Extensively implemented secondary and tertiary pre-
vention programs and campaigns in recent years may 
have further increased the likelihood of AMI and stroke 
patients being captured by the surveillance system. In 
2011, Tianjin initiated the Stroke Screening and Pre-
vention Project that screens for eight major risk factors 
of stroke and recommends labs and imaging tests to be 
performed on the basis of personal risk estimation [37, 
38]. This proactive community-based free screening pro-
gram has enhanced the public’s awareness of the warning 
signs and symptoms of stroke, resulting in more timely 
and appropriate health-seeking decisions. Consequently, 
the screening project has increased the chance of being 
diagnosed and coded as having stroke for patients at high 
risk and patients with minor stroke events [39]. Since 
2014, Tianjin has gradually established chest pain cent-
ers and a chest pain rescue network  that aims to opti-
mize the diagnosis and treatment processes  for patients 
with acute chest pain, especially AMI [40]. Increased 
access to urgent treatment and reduced hospital arrival 
time would lower the proportion of uncaptured incident 
patients who die at home or on the way to healthcare 
facilities. However, linking cause-specific mortality to the 
incidence surveillance of the two diseases is warranted 
to ascertain patients that were missed in the information 
system of health care facilities.

This study has limitations. First, we assumed that the 
estimate from DisMod II reflects the true incidence rate 
and is the “gold standard” for measuring the complete-
ness of reported incident events. Results from some pre-
vious studies have shown that the DisMod II estimates 
for both men and women were very similar to estimates 
derived from the routine health information system 
or population health survey [3, 41]. Scarborough et  al. 
compared DisMod II estimates of age-specific incidence 
rates for AMI with those observed in the external dataset 
from England [42]. The DisMod II model estimates were 
unable to replicate age-specific incidence rates of AMI 
derived from a population-based study, although they 

were of similar magnitude. Our estimate of the complete-
ness of case reporting is likely to be biased if DisMod II 
estimate is an imperfect “gold standard” and the inputs, 
including mortality rate, for DisMod II are not accurate. 
Second, the lack of any other rigorous research on the 
prevalence of AMI/stroke, especially the relative risk of 
mortality and remission of patients with AMI/stroke in 
Tianjin, required that we utilize the epidemiological esti-
mates provided by IHME’s mixed-effects meta regres-
sion modeling using the DisMod-MR 2.0. The accuracy 
of these local estimates has not been previously investi-
gated. However, importantly, these estimates are inter-
nally consistent with the observed mortality rate derived 
from local all-cause mortality surveillance. Third, the 
ideal input data for the DisMod II would be estimates 
of the increased all-cause mortality for people who have 
had AMI or stroke. Given the lack of direct measures, we 
used mortality data where AMI or stroke was indicated 
as the underlying primary cause of death. This metric 
does not account for increased mortality risk from other 
conditions (e.g. increased risk of respiratory disease and 
peripheral vascular disease) [42]. Lastly, under the con-
straint of data availability, we were not able to extend the 
analysis to more recent settings, which may presumably 
dilute the full impacts of the direct automatic electronic 
reporting system.

Our model is open to further research and validity 
investigation. Reliable incidence data from extensive 
prospective follow-up studies and other independent 
incidence data sources with information provided at the 
individual level that could be linked to elements of CDC’s 
incidence surveillance data to supplement the assessment 
of completeness of routine reporting. Moreover, alterna-
tive prevalence and remission rate data will help to fur-
ther confirm the validity of our findings.

Conclusions
Our findings indicate that the reporting of AMI and 
stroke incidence in Tianjin has been incomplete. How-
ever, the completeness of the surveillance has been 
improving since 2010 primarily owing to the incorpora-
tion of an automatic reporting component into the infor-
mation systems of health facilities, the increase in the 
utilization of healthcare service and campaigns promot-
ing access to prevention services and timely emergency 
treatment.
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