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A B S T R A C T

Introduction: Cardiovascular disease (CVD) risk is higher among the subjects with type-2 diabetes mellitus (T2DM)
in low- and middle-income countries, like Bangladesh. However, there is no relevant available online published
data for this country. We aimed at assessing the 10-year CVD risk among T2DM subjects in selected areas of
Bangladesh using the without cholesterol-based joint World Health Organization/International Society of Hy-
pertension (WHO/ISH), Globorisk, and Framingham Risk Score (FRS) risk prediction tools, and also evaluating
the concordance among these tools.
Methods and materials: In this paper, we extracted a total of 327 subjects (40–60 years aged) from an observational
study with 356 subjects, excluding those with diagnosed CVDs. The subjects were selected conveniently from
purposively selected respective diabetic hospitals of Pirojpur and Dinajpur districts. We used the required
respective variables of WHO/ISH, Globorisk, and FRS tools to predict CVD risks. The risks were categorized as low
(<10%), moderate (10-<20%), high (20-<30%) and very high (�30%).
Results: Subjects at moderate CVD risk were much higher identified by Globorisk (37.0%) and FRS (38.8%)
compared to WHO/ISH (15.3%), and the same scenarios have also been observed for high (13.5%, 19.3% and
2.4%, respectively) and very high (5.5%, 17.4% and 1.8%, respectively) risks. There was fair level of concordance
between WHO/ISH and Globorisk (PABAK-OS k ¼ 0.37; 95% CI 0.33–0.42; P < 0.001), and Globorisk and FRS
(PABAK-OS k ¼ 0.34; 95% CI 0.30–0.39; P < 0.001). And, between WHO/ISH and FRS, it was none to slight level
(PABAK-OS k ¼ 0.09, 95% CI 0.04–0.14; P ¼ 0.001).
Conclusions: A significant proportion of the selected study subjects is at moderate to very high risk of developing
CVDs predicted especially by Globorisk and FRS compared to WHO/ISH, indicating low concordance. With and
without cholesterol-based studies can answer the problem more clearly.
1. Introduction

Cardiovascular diseases (CVDs) are very common conditions among
people with type-2 diabetes mellitus (T2DM) with a higher prevalence
(approximately one-third) as well as mortality (approximately half of all
deaths) [1]. According to the American Heart Association, diabetic in-
dividuals have 2–4 times higher chance to die from heart diseases than
that of non-diabetic, and at least 68% of them aged 65 or older die from
some form of heart diseases [2].

Along with CVD burden [3, 4], the 10-year predicted risks for CVDs
are also higher in low- and middle-income countries (LMICs) than
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high-income countries (HICs). The high CVD risks are ranged from 1% for
South Korean women to 42% for Czech men in HICs, and from 2% in
Uganda (men and women) to 13% in Iranian men in LMICs [5]. Partic-
ularly in Bangladesh, one-fifth of the rural population [6] and one-fourth
of the urban population [7] are at moderate to very high level of CVD
risk. Moreover, the CVD risk is invariably high among the T2DM subjects
[8]. Among the Omani T2DM subjects, the cholesterol-based Framing-
ham Risk Score (FRS) and joint World Health Organization/International
Society of Hypertension (WHO/ISH) 10-year risk prediction tools
revealed 20% and 12% of them respectively are at high risk [9]. And, it
was 24.1% and 3.2% respectively with the same tools among the Qatari
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T2DM subjects [10]. Among the Sri Lankan T2DM subjects, it was
1.5–2% by WHO/ISH [11, 12], 16.2% by FRS [11], and 4.4–6% by UK
Prospective Diabetes Study (UKPDS) risk engine [11, 12] in the same
tools. And, in the neighboring country India, 13.8% of their T2DM sub-
jects are at high risk assessed by without cholesterol-based WHO/ISH
tool [13]. However, there is no relevant information in Bangladesh
reflecting the CVD risk assessment among its diabetic population, based
on available online published data.

Meanwhile, a large number of people in Bangladesh, such a LMIC, are
suffering from DM, reflecting one in every ten adults [14]. Therefore, no
doubt it is highly important to assess the level of CVD risk among this
population. This risk estimation will be very much helpful for the clini-
cians supporting themselves with a guide in the choice of therapeutic and
preventive strategies and monitoring the patients [8, 15], and also for the
patients motivating themselves to adopt healthy lifestyle measures [15].
Moreover, there is also clear variation persists in the estimated CVD risks
by different tools [9, 10, 11, 12, 13]. Under these circumstances, in this
highly important paper, we aimed at assessing the 10-year CVD risk
among T2DM subjects in selected areas of Bangladesh using the without
cholesterol-based WHO/ISH, Globorisk, and FRS risk prediction tools,
and also evaluating the concordance among the tools.

2. Methods and materials

2.1. Study design, population, and sampling

This study was derived from a Master's Thesis work which was an
observational study conducted in 2017 among T2DM subjects in Alhaz
Asmat Ali Khan Diabetic Hospital, Pirojpur, and Dinajpur Diabetic
Hospital, Dinajpur attending the outpatient departments. Both of the
hospitals are affiliated with the ‘Diabetic Association of Bangladesh
(BADAS)’. Pirojpur district is located in the southern and Dinajpur
district is in the northern part of Bangladesh. The hospitals were
selected purposively, and the registered diabetic subjects of these
hospitals were selected conveniently who visited the outdoors during
the data collection period. The subjects who were 40–60 years aged and
had diabetes for at least 3 years were recruited in the study [16]. In this
paper, we extracted 327 samples from the total of 356 in the main
Thesis work excluding those who had any diagnosed CVDs. The
extracted samples satisfied the minimum required sample size for this
study considering the 13.8% prevalence of high CVD risk (assessed by
without cholesterol-based WHO/ISH tool likely this study) among
diabetic subjects in neighboring country India [13] using n ¼ z2pq/d2

formula for a cross-sectional study.

2.2. Research instruments and techniques

We extracted socio-demographic information (sex, age, education,
occupation, family income) and relevant risk factors (smoking, hyper-
tension, and overweight/obesity) from the main thesis report. Subjects
were asked about their socio-demographic and history of smoking and
hypertension-related information. On spot blood pressure measured by
qualified doctors and anthropometric height-weight measurement-
related information were taken from diabetic record book of the
respective subjects. Few new hypertensive cases were identified using
systolic blood pressure (SBP) and diastolic blood pressure (DBP), and
overweight/obesity was identified from body mass index (BMI) classifi-
cation calculated using height and weight. Standard guidelines from
WHO were followed to identify new hypertensive cases and to calculate
as well as classify BMI. Further details of the methods were described in
the main report [16].

2.3. Main outcome measure

Our main outcome measure was the prediction of 10-year CVD
(including coronary death, myocardial infarction, coronary insufficiency,
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angina, ischemic stroke, hemorrhagic stroke, transient ischemic attack,
peripheral artery disease, heart failure) risk [17].

2.4. The use of CVD risk prediction tools

The risks were assessed using the without cholesterol-based WHO/
ISH, Globorisk, and FRS CVD risk prediction tools.

2.5. WHO/ISH CVD risk prediction charts

These charts predict 10-year risk of a fatal or nonfatal major CVD
event such as myocardial infarction or stroke among healthy in-
dividuals (who have not yet a history of heart attack or stroke) aged
between 40-79 years for 14 WHO epidemiological sub-regions. It uses
the following information of an individual-age, sex, SBP, smoking sta-
tus, total blood cholesterol and presence or absence of DM to predict
CVD risk. There are two sets of charts-one set can be used in the settings
where blood cholesterol can be measured, and the other set is for that
where cholesterol cannot be measured. In our study we used the
without cholesterol for DM version using the chart SEAR-D where
Bangladesh belongs to [18].

2.6. Globorisk CVD risk prediction charts

Globorisk is the first risk score to predict CVD risk of heart attack or
stroke in healthy individuals aged between 40-74 years for all countries
of the world. It uses the following information of an individual-country of
residence, age, sex, smoking status, diabetes, SBP and total cholesterol to
predict 10-year CVD risk. When the diabetes or total cholesterol test is
not available, it is recommended to use the office-based version of the
Globorisk tool which is based on BMI instead. In our study we used its
office-based version for the Bangladesh chart [19].

2.7. Framingham Risk Score (FRS) tool

The FRS predicts a 10-year risk for the development of CVDs,
including coronary death, myocardial infarction, coronary insufficiency,
angina, ischemic stroke, hemorrhagic stroke, transient ischemic attack,
peripheral artery disease, heart failure in healthy individuals aged be-
tween 30-74 years. It uses the following information of an individual-age,
sex, treated or untreated SBP, smoking status, total blood cholesterol,
HDL cholesterol, and presence or absence of DM. Here, when the
cholesterol tests are not available, it is recommended to use the BMI-
based version of the FRS tool [17].

2.8. Risk stratification and categorization

In our study, we categorized the 10-year fatal or nonfatal CVD risks by
following 4 ways: low risk when it is <10%, moderate risk when ranged
from 10-<20%, high risk when ranged from 20-<30%, and very high risk
when �30% [20].

2.9. Data processing and statistical procedure

We used Statistical Package for the Social Sciences (SPSS) software
version-21 for the data processing and analysis. Descriptive statistics
were done to illustrate the socio-demographic information and CVD risk
categories identified by the tools, and expressed as frequencies, per-
centages, means, standard deviations (SD), medians, and interquartile
ranges.

Cohen's kappa statistics were done to measure the inter-rater reli-
ability as the levels of agreement among the tools used in this study [21,
22]. However, the Cohen's kappa is highly influenced by several potential
factors, mainly the prevalence effect, bias effect, and unbalanced mar-
ginal totals effect that may show as paradox kappa coefficient. To over-
come this limitation of Cohen's kappa, we used prevalence-adjusted and
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bias-adjusted kappa for ordinal scale (PABAK-OS) statistics after report-
ing Goodman-Kruskal Gamma (γ) and Kendall's Tau-b (τb). As the risk
categories of our tools are in ordinal scale, here, the PABAK-OS also
overcame the main limitation of simple prevalence-adjusted and
bias-adjusted kappa (PABAK) for its suitability towards nominal scales
only, which is not sensitive to the ordinal scales [23, 24, 25]. The
Goodman-Kruskal Gamma and Kendall's Tau-b is also appropriate to use
concordance measures of association in ordinal scaled categories elimi-
nating or reducing the bias and error effects [26, 27]. The Gamma and
Tau-b coefficients have the same value range �1�γ/τb � 1, whereas �1
indicates 100% negative association or perfect inversion, þ1 indicates
100% positive association or perfect agreement, and 0 indicates no as-
sociation between two raters [27]. However, the final concordance
(levels of agreement) among the tools were determined by PABAK-OS
coefficients (k). In this study, the PABAK-OS were calculated from an
online calculator namely Single Case Research [28]. The levels of sta-
tistical significance were considered when P < 0.05 in all cases. And, the
levels of agreement were interpreted as no agreement (when k� 0), none
to slight (when k 0.01–0.20), fair (when k 0.21–0.40), moderate (when k
0.41–0.60), substantial (when k 0.61–0.80), and almost perfect agree-
ment (when k 0.81–1.00) according to Landis and Koch's approach [29].
Moreover, bivariate analyses such as Chi-square tests and Fisher's Exact
tests were done to insight the relationship between socio-demographic
factors and CVD risk categories considering statistical significance at P
< 0.05.

2.10. Ethical statements

The thesis work was conducted in accordance with the Declaration of
Helsinki and the guideline of the Bangladesh Medical and Research
Council (BMRC). Ethical clearance for the thesis work was taken from the
Ethical Review Committee (ERC) of Bangladesh University of Health
Sciences (Identification no. BUHS/BIO/EA/17/82). The purpose of the
Table 1. Socio-demographic information of the respondents (n ¼ 327).

Variables Number Percentage (95% CI)

Sex

Men 162 49.5 (44.1–54.9)

Women 165 50.5 (45.1–55.9)

Age (in years)

40-44 75 22.9 (18.3–27.5)

45-49 46 14.1 (10.3–17.9)

50-54 76 23.2 (18.6–27.8)

55-60 130 39.8 (34.5–45.1)

Mean � SD (Interquartile range) 50.8 � 7.0 (45–57)

Level of education

Illiterate 41 12.5 (8.9–16.1)

Up to primary school 129 39.4 (34.1–44.7)

Up to SSC 69 21.1 (16.7–25.5)

HSC and above 88 26.9 (22.1–31.7)

Occupation

Employed 63 19.3 (15.0–23.6)

Business 69 21.1 (16.7–25.5)

Homemaker 150 45.9 (40.5–51.3)

Others 45 13.8 (10.1–17.5)

Monthly family income (in BDT)

Less than 30,000 135 41.3 (36.0–46.6)

30,000 and above 192 58.7 (53.4–64.0)

Mean � SD
(Median; Interquartile range)

30,554 � 11,718 (30,000; 20,000–35,000)

CI ¼ Confidence interval; SD ¼ Standard deviation; SSC ¼ Secondary School
Certificate; HSC¼Higher Secondary School Certificate; BDT¼ Bangladeshi Taka
(currency).
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study and the rights of the respondents were described to them. Both
verbal and written informed consents were taken from each respondent
prior to data collection.

3. Results

3.1. Socio-demographic information

Men and women were in almost equal proportion. The mean� SD age
of the respondents was 50.8 � 7.0 years, and two-fifths were in their last
quarter of the considered age range of this study. The highest proportions
of them read up to primary school level (39.4%) and were homemakers
(45.9%). Their mean � SD of monthly family income was 30,554 �
11,718 Taka (Bangladeshi currency), details in Table 1.

3.2. Risk factors-related information

We found 15.0% of our respondents as a smoker. Jointly, more than
one-third were overweight and obese. Respondents were suffering from
diabetes mellitus for 7.0� 4.5 years. A high proportion (52.0%) had been
found to have hypertension, among them a vast majority (92.4%) was on
taking medication to control that. The median systolic blood pressure of
the respondents was found above the normal range (Table 2).

3.3. Prevalence of CVD risk categories identified by the tools

We found, the majority of the respondents were at low CVD risk
identified by both WHO/ISH and Globorisk tools, unlike at moderate risk
identified by FRS. Much higher proportions were at moderate risk
identified by Globorisk (37.0%) and FRS (38.8%) compared to WHO/ISH
(15.3%), and also the same scenarios have been observed for high
(13.5%, 19.3% and 2.4%, respectively) and very high (5.5%, 17.4% and
1.8%, respectively) CVD risks. However, higher proportions of
Table 2. Risk factors-related information of the respondents (n ¼ 327).

Variables Number Percentage
(95% CI)

Smoking

Yes 49 15.0 (11.1–18.9)

No 278 85.0 (81.1–88.9)

Duration of smoking, n ¼ 49

Mean � SD (Interquartile range) 29.4 � 9.0 (25–35)

Overweight and obesity status

Normal weight (BMI <25.0 kg/m2) 210 64.2 (59.0–69.4)

Overweight (BMI 25.0–29.9 kg/m2) 94 28.7 (23.8–33.6)

Obese (BMI �30.0 kg/m2) 23 7.0 (4.2–9.8)

Duration of diabetes mellitus

<7 years 194 59.3 (54.0–64.6)

�7 years 133 40.7 (35.4–46.0)

Mean � SD (Interquartile range) 7.0 � 4.5 (3–10)

History of hypertension

Yes 170 52.0 (46.6–57.4)

No 157 48.0 (42.6–53.4)

Duration of hypertension, n ¼ 170

Mean � SD (Interquartile range) 7.0 � 5.1 (3–10)

Taking medicine for hypertension, n ¼ 170

Yes 157 92.4 (88.4–96.4)

No 13 7.6 (3.6–11.6)

Systolic blood pressure (in mm of Hg.)

Mean � SD (median) 127 � 11 (125)

Diastolic blood pressure (in mm of Hg.)

Mean � SD (median) 82 � 7 (80)

CI ¼ Confidence interval; SD ¼ Standard deviation; BMI ¼ Body mass index.



Table 3. Predicted categories of 10-year CVD risks identified by WHO/ISH, Globorisk, and FRS tools among diabetic subjects (n ¼ 327).

Predicted categories of 10-year CVD risk WHO/ISH CVD risk tool Globorisk CVD risk tool FRS CVD risk tool

Number, % (95% CI) Number, % (95% CI) Number, % (95% CI)

Low risk (<10%) 263, 80.4 (76.1–84.7) 144, 44.0 (38.6–49.4) 80, 24.6 (19.9–29.3)

Moderate risk (10�<20%) 50, 15.3 (11.4–19.2) 121, 37.0 (31.8–42.2) 127, 38.8 (33.5–44.1)

High risk (20�<30%) 8, 2.4 (0.7–4.1) 44, 13.5 (9.8–17.2) 63, 19.3 (15.0–23.6)

Very high risk (�30%) 6, 1.8 (0.4–3.2) 18, 5.5 (3.0–8.0) 57, 17.4 (13.3–21.5)

CVD ¼ Cardiovascular diseases; WHO ¼ World Health Organization; ISH ¼ International Society of Hypertension; FRS ¼ Framingham Risk Score; CI ¼ Confidence
interval.
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respondents at high risk, especially the very high risk were identified by
the FRS compared to Globorisk (Table 3).

3.4. Concordance among the tools for identifying CVD risk

We found there were clear discrepancies in identifying the 10-year
CVD risks by the tools. Approximately, one-third of the respondents
were identified as at low risk by the WHO/ISH, whereas they were
identified as at moderate risk by the Globorisk and FRS. Using the
PABAK-OS statistics of inter-rater reliability tests, we found improved
kappa coefficient values compared to Cohen's kappa coefficient values
across all the tools. Based on the PABAK-OS, we found there was a fair
Table 4. Degrees of agreements among WHO/ISH, Globorisk, and FRS tools for iden

CVD risk predictor tools <10% 10�<20% 20�<30%

Globorisk

WHO/ISH <10% Count (%)
Expected count

143 (43.7)
115.8

102 (31.2)
97.3

18 (5.5)
35.4

10�<20% Count (%)
Expected count

1 (0.3)
22.0

18 (5.5)
18.5

20 (6.1)
6.7

20�<30% Count (%)
Expected count

0 (0.0)
3.5

1 (0.3)
3.0

6 (1.8)
1.1

�30% Count (%)
Expected count

0 (0.0)
2.6

0 (0.0)
2.2

0 (0.0)
0.8

Total Count (%)
Expected count

144 (44.0)
144.0

121 (37.0)
121.0

44 (13.5)
44.0

FRS <10% Count (%)
Expected count

77 (23.5)
35.2

3 (0.9)
29.6

0 (0.0)
10.8

10�<20% Count (%)
Expected count

62 (19.0)
55.9

62 (19.0)
47.0

3 (0.9)
17.1

20�<30% Count (%)
Expected count

5 (1.5)
27.5

49 (15.0)
23.3

9 (2.8)
8.5

�30% Count (%)
Expected count

0 (0.0)
25.1

7 (2.1)
21.1

32 (9.8)
7.7

Total Count (%)
Expected count

144 (44.0)
144.0

121 (37.0)
121.0

44 (13.5)
44.0

FRS

WHO/ISH <10% Count (%)
Expected count

80 (24.5)
64.3

111 (33.9)
102.1

49 (15.0)
50.7

10�<20% Count (%)
Expected count

0 (0.0)
12.2

16 (4.9)
19.4

12 (3.7)
9.6

20�<30% Count (%)
Expected count

0 (0.0)
2.0

0 (0.0)
3.1

2 (0.6)
1.5

�30% Count (%)
Expected count

0 (0.0)
1.5

0 (0.0)
2.3

0 (0.0)
1.2

Total Count (%)
Expected count

80 (24.5)
80.0

127 (38.8)
127.0

63 (19.3)
63.0

WHO¼World Health Organization; ISH¼ International Society of Hypertension; FRS
<20% ¼Moderate risk; 20-<30% ¼ High risk; �30% ¼ Very high risk; γ ¼ Goodman-
adjusted Kappa for ordinal scale; CI ¼ Confidence interval.
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level of agreement between WHO/ISH and Globorisk tools (k ¼ 0.37,
95% CI 0.33–0.42), and Globorisk and FRS tools (k ¼ 0.34, 95% CI
0.30–0.39) for identifying the CVD risk categories among the population,
which was statistically significant (P< 0.001). Moreover, there was none
to a slight level of agreement betweenWHO/ISH and FRS tools (k¼ 0.09,
95% CI 0.04–0.14), which was also statistically significant (P ¼ 0.001),
details in Table 4.

3.5. Associations of CVD risk categories with socio-demographic factors

It was observed that there were statistically significant proportional
differences of CVD risk categories identified by the tools with different
tifying CVD risk among diabetic subjects (n ¼ 327).

�30% Total Cohen's κ
(P-value)

γ (P-value) τb (P-value) PABAK-OS
(95% CI)
(P-value)

0 (0.0)
14.5

263 (80.4)
263.0

11 (3.4)
2.8

50 (15.3)
50.0

1 (0.3)
0.4

8 (2.4)
8.0

0.20
(<0.001)

0.93
(<0.001)

0.56
(<0.001)

0.37
(0.33–0.42)
(<0.001)

6 (1.8)
0.8

6 (1.8)
6.0

18 (5.5)
18.0

327 (100.0)
327

0 (0.0)
4.4

80 (24.5)
80.0

0 (0.0)
7.0

127 (38.8)
127.0

0 (0.0)
3.5

63 (19.3)
63.0

0.31
(<0.001)

0.95
(<0.001)

0.74
(<0.001)

0.34
(0.30–0.39)
(<0.001)

18 (5.5)
3.1

57 (17.4)
57.0

18 (5.5)
18.0

327 (100.0)
327

23 (7.0)
45.8

263 (80.4)
263.0

22 (6.7)
8.7

50 (15.3)
50.0

6 (1.8)
1.4

8 (2.4)
8.0

0.07
(0.001)

0.78
(<0.001)

0.42
(<0.001)

0.09
(0.04–0.14)
(0.005)

6 (1.8)
1.0

6 (1.8)
6.0

57 (17.4)
57.0

327 (100.0)
327.0

¼ Framingham Risk Score; CVD¼ Cardiovascular diseases;<10%¼ Low risk; 10-
Kruskal Gamma; τb ¼ Kendall's Tau-b; PABAK-OS ¼ Prevalence adjusted and bias



Table 5. Associations of 10-year CVD risk categories (identified by WHO/ISH, Globorisk, and FRS tools) with the socio-demographic factors among diabetic subjects (n ¼ 327).

Variables WHO/ISH 10-year CVD risk categories Globorisk 10-year CVD risk categories FRS 10-year CVD risk categories

Low, % (95% CI) Moderate, % (95% CI) High and
very high, %
(95% CI)

Low, % (95% CI) Moderate, % (95% CI) High and
very high, %
(95% CI)

Low, % (95% CI) Moderate, % (95% CI) High and very high,
% (95% CI)

Sex

Men 77.2 (70.7–83.7) 18.5 (12.5–24.5) 4.3 (1.2–7.4) 25.3 (18.6–32.0) 41.4 (33.8–49.0) 33.3 (26.0–40.6) 11.1 (6.3–15.9) 31.5 (24.3–38.7) 57.4 (49.8–65.0)

Women 83.6 (78.0–89.2) 12.1 (7.1–17.1) 4.2 (1.1–7.3) 62.4 (55.0–69.8) 32.7 (25.5–39.9) 4.8 (1.5–8.1) 37.6 (30.2–45.0) 46.1 (38.5–53.7) 16.4 (10.8–22.0)

P-value 0.289 <0.001* <0.001*

Age (in years)

40-44 97.3 (93.6–101.0) 2.7 (1.0–6.4) 0.0 (0) 92.0 (85.7–98.1) 8.0 (1.9–14.1) 0.0 (0) 65.3 (54.5–76.1) 28.0 (17.8–38.2) 6.7 (1.0–12.4)

45-49 97.8 (93.6–102.0) 0.0 (0) 2.2 (2.0–6.4) 84.8 (74.4–95.2) 10.9 (1.9–19.9) 4.3 (1.6–10.2) 32.6 (19.1–46.1) 54.3 (39.9–68.7) 13.0 (3.3–22.7)

50-54 97.4 (93.8–101.0) 1.3 (1.2–3.8) 1.3 (1.2–3.8) 46.1 (34.9–57.3) 51.3 (40.1–62.5) 2.6 (1.0–6.2) 17.1 (8.6–25.6) 55.3 (44.1–66.5) 27.6 (17.5–37.7)

55-60 54.6 (46.0–63.2) 36.2 (27.9–44.5) 9.2 (4.2–14.2) 0.8 (0.7–2.3) 54.6 (46.0–63.2) 44.6 (36.1–53.1) 2.3 (0.3–4.9) 30.0 (22.1–37.9) 67.7 (59.7–75.7)

P-value <0.001* 0.873 <0.001*

Level of education

Illiterate 68.3 (54.1–82.5) 29.3 (15.4–43.2) 2.4 (2.3–7.1) 29.3 (15.4–43.2) 58.5 (43.4–73.6) 12.2 (2.2–22.2) 17.1 (5.6–28.6) 53.7 (38.4–69.0) 29.3 (15.4–43.2)

Up to primary 82.2 (75.6–88.8) 13.2 (15.9–30.5) 4.7 (1.0–8.4) 45.7 (37.1–54.3) 32.6 (24.5–40.7) 21.7 (14.6–28.8) 26.4 (18.8–34.0) 37.2 (28.9–45.5) 36.4 (28.1–44.7)

Up to SSC 79.7 (70.2–89.2) 15.9 (7.3–24.5) 4.3 (0.5–9.1) 47.8 (36.0–59.6) 33.3 (22.2–44.4) 18.8 (9.6–28.0) 31.9 (20.9–42.9) 30.4 (19.5–41.3) 37.7 (26.3–49.1)

HSC and above 84.1 (76.5–91.7) 11.4 (4.8–18.0) 4.5 (0.2–8.8) 45.5 (35.1–55.9) 36.4 (26.3–46.5) 18.2 (10.1–26.3) 19.3 (11.1–27.5) 40.9 (30.6–51.2) 39.8 (29.6–50.0)

P-value 0.301 0.125 0.222

Occupation

Employed 85.7 (77.1–94.3) 11.1 (3.3–18.9) 3.2 (1.1–7.5) 34.9 (23.1–46.7) 47.6 (35.3–59.9) 17.5 (8.1–26.9) 15.9 (6.9–24.9) 42.9 (30.7–55.1) 41.3 (29.1–53.4)

Business 81.2 (72.0–90.4) 14.5 (6.2–22.8) 4.3 (0.5–9.1) 33.3 (22.2–44.4) 36.2 (24.7–47.5) 30.4 (19.5–41.3) 18.8 (9.6–28.0) 27.5 (17.0–38.0) 53.6 (41.8–65.4)

Homemaker 82.0 (75.9–88.1) 13.3 (7.9–18.7) 4.7 (1.3–8.1) 61.3 (53.5–69.1) 33.3 (25.8–40.8) 5.3 (1.7–8.9) 36.0 (28.3–43.7) 47.3 (39.3–55.3) 16.7 (10.7–22.7)

Others 66.7 (52.9–80.5) 28.9 (15.7–42.1) 4.4 (1.6–10.4) 15.6 (5.0–26.2) 35.6 (21.6–49.6) 48.9 (34.3–63.5) 6.7 (0.6–14.0) 22.2 (10.1–34.3) 71.1 (57.9–84.3)

P-value 0.270 <0.001* <0.001*

Monthly income (in BDT)

<30,000 81.5 (74.9–88.1) 14.1 (8.2–20.0) 4.4 (0.9–7.9) 54.1 (45.7–62.5) 33.3 (25.3–41.3) 12.6 (7.0–18.2) 32.6 (24.7–40.5) 43.0 (34.6–51.3) 24.4 (17.2–31.6)

�30,000 79.7 (74.0–85.4) 16.1 (10.9–21.3) 4.2 (1.4–7.0) 37.0 (30.2–43.8) 39.6 (32.7–46.5) 23.4 (17.4–29.4) 18.8 (13.3–24.3) 35.9 (29.1–42.7) 45.3 (38.3–52.3)

P-value 0.873 0.004* <0.001*

P-values were obtained from Chi-square and Fisher's Exact tests where appropriate; Star (*) mark ¼ Significant association; WHO ¼ World Health Organization; ISH ¼ International Society of Hypertension; FRS ¼
Framingham Risk Score; CVD ¼ Cardiovascular diseases; Low¼ <10%; Moderate ¼ 10�<20%; High and very high ¼ �20%; CI ¼ Confidence interval; SSC ¼ Secondary School Certificate; HSC ¼ Higher Secondary School
Certificate; BDT ¼ Bangladeshi Taka (currency).
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socio-demographic factors in bivariate analyses, and these varied from
the tool-to-tool. The WHO/ISH risk categories were highly associated
with age group (P < 0.001), unlike the Globorisk risk categories with sex
(P < 0.001), occupation (P < 0.001), and monthly income (P ¼ 0.004).
And, the FRS risk categories were highly associated with all socio-
demographic factors except the level of education (Table 5).

4. Discussion

4.1. The implication of the study

This current paper perhaps is the first reported research work in
Bangladesh where the 10-year CVD risk was explored among T2DM sub-
jects using different nonlaboratory-based CVD risk prediction tools and the
concordances among these tools were also assessed. We found a noticeable
proportion of our study subjects are at moderate to very high risk for
developing CVD events in the next 10 years. However, a varying level of
concordance was also observed among the different risk predicting tools.

4.2. Variations of the findings in different tools

We found, the proportions of the subjects at moderate risk identified
by Globorisk and FRS were more than 2 times higher than that of iden-
tified by WHO/ISH. The high-risk proportion was nearly 6 times higher
identified by Globorisk and 8 times higher identified by FRS, than that of
identified by WHO/ISH. The very high-risk proportion was 3 times
higher identified by Globorisk and 10 times higher identified by FRS,
than that of identified by WHO/ISH tool. And, although the moderate
risks were almost in similar proportion identified by Globorisk and FRS,
higher proportions of the high risk (1.5 times higher) and very high risk
(3 times higher) were identified by FRS than that of Globorisk tool.

4.3. Comparing findings with other studies

We found our study subjects with very less proportions at moderate,
high and very high risks compared to the diabetic population of neigh-
boring country India (29.9%, 13.2% and 12.2%, respectively) identified
by the same WHO/ISH tool. This variation might be due to the popula-
tion with higher mean age, higher prevalence of smokers, and higher SBP
in the Indian study [13]. However, our study population was reported
with higher proportions at moderate, high and very high risks (identified
by WHO/ISH and FRS tools) compared to the Sri Lankan diabetic pop-
ulation identified by with cholesterol-based WHO/ISH tool (6.7%,
1.5–1.6% and 1.5–1.9% respectively), and also higher proportion at very
high risk (8.8%) although moderate and high risks were almost similar
identified by with cholesterol-based FRS tool. This variation might be
due to the difference in with and without cholesterol-based tools,
disproportionate sex ratio, and lower SBP in Sri Lankan study population
[11, 12]. We found our study population with a higher proportion at
moderate risk, but lower proportions at high and very high risks (iden-
tified by WHO/ISH and FRS tools) compared to the Omani diabetic
population identified by both with cholesterol-based WHO/ISH (8%,
12% and 22% respectively) and FRS (32%, 20% and 24% respectively)
tools. The higher proportions of high and very high risks in Omani
population might be due to the difference in with and without
cholesterol-based tools, the higher age and higher SBP among them [9].
Similar proportions of all risk categories (identified by WHO/ISH) have
been reported in our study compared to the Qatari diabetic population
identified by with cholesterol-based WHO/ISH tool. However, there was
a higher proportion of moderate risk but lower proportions of high and
very high risks (identified by FRS) in our study compared to the Qataris
identified by cholesterol-based FRS (30.2%, 24.1% and 33.5% respec-
tively) tool. This variation might be due to the difference in with and
without cholesterol-based tools and higher age among the Qataris [10].
Furthermore, we found similar to higher proportions of our study sub-
jects at moderate to very high risks compared to other national studies
6

among urban, rural, and also postmenopausal women identified by
WHO/ISH (with and without cholesterol) and FRS tools [6, 7, 30].

4.4. Extent of the concordance

In terms of the extent of concordance (level of agreement) among the
CVD risk predicting tools for identifying the categories of risks based on
the PABAK-OS statistics, we found there was a fair level of agreement
between WHO/ISH and Globorisk tools, as well as Globorisk and FRS
tools. However, when the tools were WHO/ISH and FRS, there was none
to a slight level of agreement between these. We assume that the possible
reasons for not showing the higher level of concordance among the tools
might be due to not using the uniform variables to estimate the risks.
There were distinctive variable(s) in particular risk prediction tool(s)
which were uncommon in other(s). The development of a tool like FRS
based on-as well as its applicability among-the particular racial pop-
ulations might also be a potential issue in this regard.

4.5. Limitations and strengths

Along with other epidemiological studies, our study also isn't an
exception in terms of limitations. Such as, the nonrandomized respondents
from purposively selected only two study settings do not represent the
generalizability of the whole diabetic population of the country. We had to
use the without cholesterol-based tools, whereas the cholesterol measure-
ments were not available for the respondents as the study was a self-funded
student work and conducted in low-resourced settings. The use of without
cholesterol-based tools might underestimate the CVD risks. FRS might un-
derestimate or overestimate CVD risk among Bangladeshis as a non-US
population. Again, the office-based Globorisk tool might also underesti-
mate the CVD risk among diabetic population. Moreover, as this study was
carried in the hospital settings, there might be a probable chance for the
enrolment of patients with higher complexity of the disease a bit leading to
capturing and reflecting a higher CVD risk unlike the given context in
population-based or primary care service-based settings. Yet, it has to be
taken into consideration thatwhen there is a traceable higher complexity of
the disease, the patients from peripheral centers (like our study centers) are
usually referred to the central tertiary care ‘BIRDEM General Hospital’ sit-
uated in Dhaka, complying with the referral system of BADAS.

However, our studyfirstly reports theCVD risk amongT2DMsubjects in
Bangladesh and the concordance among the used risk prediction tools. The
findings of thispaperwill help thepolicymakers to insight the importanceof
designing the CVD risk assessment and primary care management guide-
lines for diabetic subjects in Bangladesh, guiding the clinicians to choose
therapeutic and preventive strategies and also the subjects to adopt a
healthy lifestyle. Subsequently, the ultimate and combineddoctors-patients
measures will help to reduce the future CVD burden in this country.

5. Conclusions

A significant proportion of the selected study subjects in Bangladesh is
at moderate to very high risk of developing CVDs. Higher proportions of
subjects with these risks were predicted especially by FRS and Globorisk
tools compared to WHO/ISH, indicating low concordance among these
tools. FRS tool appears to be the most useful for CVD risk assessment in
T2DM subjects in Bangladesh as it could identify the highest number of
subjects at high to very high risk. Concurrent with and without cholesterol-
based further large-scale studies can answer the question more clearly.
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