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Purpose: This research intended to identify significant risk factors of stroke among the
elderly population in the United States using the k-means clustering method.

Patients and Methods: In this cross-sectional study, we analyzed data of 4346 subjects
aged >60 years using the National Health and Nutrition Examination Survey (NHANES)
2013-2018 datasets. Questionnaire data, dietary data, and laboratory data were accessed to
acquire measurements of the potential risk factors. A pre-defined classification method was
used based on the Medical Condition Questionnaire to define the stroke group. K-means
clustering analysis used all potential risk factors for differentiating both groups. A stepwise
logistic regression analysis examined the association between significant risk factors and the
odds of stroke.

Results: Age (OR:1.053, 95% CI:1.029-1.077), diabetes (OR: 28.019, 95% CI: 19.139-
41.020), glycohemoglobin (OR: 2.309, 95% CI: 1.818-2.934), plasma fasting glucose (OR:
1.017, 95% CI: 1.010-1.024), hypertension (OR: 2.343, 95% CI: 1.602-3.426), dietary fiber
consumption (OR:0.980, 95% CI:0.964-0.995), and education level (OR:0.541, 95% CI:
0.411-0.713) were identified as significant risk factor for stroke among the elderly popula-
tion in the k-means clustering method. In the pre-defined grouping method, age (OR:1.093,
95% CI:1.054—1.132), diabetes (OR:2.228, 95% CI: 1.432-3.466), hypertension (OR:2.295,
95% CI:1.338-3.938), and dietary fiber consumption (OR: 0.966, 95C1%:0.947-0.985) were
found to influence to the risk of stroke.

Conclusion: Age, hypertension, dietary fiber consumption, and education level are the
significant risk factors of stroke among elders aged >60 years. Among all the risk factors,
diabetes is the strongest predictor of stroke. Glycohemoglobin and plasma fasting glucose are
also associated with stroke risks, implying that glycemic control is particularly crucial in
stroke prevention and management among older adults.
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Introduction

Stroke is the second leading cause of death worldwide, resulting in 15.2 million
deaths in 2015." Besides high mortality rate, disability is a significant component of
the disease burden of stroke. As the third leading cause of disability adjusted
life year (DALYs), stroke costs $35.8 billion annually.”® The American Heart
Association (AHA) estimates 7.6 million (2.7%) Americans aged >20 years having
had a stroke.* The evidence of high occurrence rate and substantial burden of stroke

has led to a vast research endeavor. As population ages, stroke risk is expected to go

Received: 29 June 2021
Accepted: 9 September 2021
Published: 28 September 2021

International Journal of General Medicine 2021:14 6135-6147 6135
© 2021 Ren and Fu. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:fxzncfxzncfxznc@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Ren and Fu

Dove

up.’ Therefore, precisely identifying the risk factors of the
disease is pivotal to reduce the impact of stroke.

Current studies on stroke risk factor are mainly review
studies, analyzing previous research that uses pre-defined
stroke outcomes. The pre-defined stroke group may cate-
gorize borderline or undiagnosed individuals as not having
a stroke.® However, these borderline cases may possess
shares similar characteristics with the stroke patients.
Therefore, this research aims to examine prominent risk
factors of stroke using a clustering method.

The k-means clustering is an unsupervised learning that
groups the non-explicitly labeled data while maximizing the
heterogeneity among groups.” The method can be used to
reveal similarities of unknown groups in a complex dataset.
Unlike classification by the pre-defined outcomes, k-means
clustering uses vector quantization for grouping elements.
Thus, the k-means clustering identifies the potential stroke
risk factors based on the characteristics of the study partici-
pants, ignoring any pre-defined criteria.

In this research, we intend to examine potential sig-
nificant risk factors proposed in previous studies™*'* by
a k-means clustering method and compare it with the
analysis using a pre-defined stroke group, aiming to pro-
vide more accurate identification.

Materials and Methods

Study Design

The current study is a cross-sectional research, retrieving data
from 2013-2014, 2015-2016, and 2017-2018 National
Health and Nutrition Examination Survey (NHANES) year.
The NHANES is a continuous nation-wide health program
conducted by the National Center for Health Statistics

(NCHS)."*  Approximately 5000 people were sampled
each year. These people distributed in counties across the
country, and 15 counties were visited every year. The data
collection process consisted of two parts, an in-person inter-
view, and a physical examination performed in the Mobile
Examination Center (MEC). All collected data was de-
identified and released for public use, available on the
NHANES official website (https://www.cdc.gov/nchs/
nhanes/index.htm). NHANES was conducted in agreement

with the Helsinki Declaration, the protocols of which were
approved by the National Center for Health Statistics Ethics
Review Board.'*

Study Participants

In the NHANES 2013-2018 dataset, elders aged 60 years
or older with complete medical condition information
were eligible for the study (n=5261). Participants with
missing data in dietary and baseline characteristics were
excluded (n=915).
included in the final analyses. The detailed selection of

In total, 4346 participants were

eligible participants was presented in Figure 1.

Stroke Assessment

The pre-defined stroke groups were determined based on
the Medical Condition Questionnaire (MCQ). During the
in-person interview, question MCQ 160f “Has a doctor or
other health professional ever told {you/SP} that {you/s/
he} had a stroke?” was asked by trained interviewers.
Participants who answered “Yes” were identified as having
had a stroke and classified in the stroke group in the
analysis using pre-defined outcomes.

>60 years with complete medical
condition data (n=5,261)

2013-2018 NHANES participants aged

Excluded missing data (n=915):
(1) missing dietary data (n=727)

Included (n=4,346)

(2) missing anthropometry measurements (n=181)
(3) missing demographic data (n=7)

|

l

K-means clustering
Cluster A (n=1,384)
Cluster B (n=1,962)

Pre-defined grouping
Stroke group (n=182)
Non-stroke group (n=4,164)

Figure | Flow chart of selecting eligible participants.
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Risk Factors Measurements

Risk factors were assessed using the questionnaire data,
examination data, and laboratory data. During the MEC
interview, NHANES questionnaires were administered by
trained interviewers using the Audio computer assisted
personal self interview (ACASI) Computer-Assisted
Personal Interview (CAPI) system.'> The NHANES exam-
ination was performed in the MEC where participants
underwent the anthropometry examination under
a controlled environment.'® The data was collected
through a computerized data collection process with
data

Biospecimens, including blood, urine, oral rinse, and vagi-

a  built-in entry quality control checks.
nal/penile swabs, were collected during the MEC exam-
ination to provide a detailed evaluation of the participants’
health conditions and nutritional status.'” Collected data
were entered directly into a computerized database and
underwent internal and external quality assurance and

quality control.

Demographic Characteristics
Demographic retrieved from the
Weights  file

(DEMO). Information regarding age, gender, race, educa-

variables were

Demographic Variables and Sample
tion level, marital status, physical activity, and poverty
income ratio (PIR) was extracted from the DEMO data

files.

Weight

Bodyweight was measured by a calibrated digital weight
scale, and height was measured using a stadiometer. Body
mass index (BMI) was calculated and rounded to one
decimal place. The BMI data of the study participants
was available in the exanimation dataset Body Measures
datafile.

Hypertension

Blood Pressure & Cholesterol Questionnaire (BPQ) ques-
tion BPQO020 asked, “{Have you/Has SP} ever been told
by a doctor or other health professional that {you/s/he}
had hypertension, also called high blood pressure?”
Participants who answered “yes” were considered as hav-
ing hypertension.

Diabetes

Diabetes Questionnaire (DIQ) question DIQO10 asked,
“The next questions are about specific medical conditions.
{Other than during pregnancy, {have you/has SP}/{Have
you/Has SP}} ever been told by a doctor or health

professional that {you have/{he/she/SP} has} diabetes or
sugar diabetes?” Participants who answered “yes” were
considered diabetic.

Cardiovascular Disease

If the participant answered “Yes” to any of the following
questions in the MCQ, the individual was considered as
having cardiovascular disease.

(i) MCQ160b: “Has a doctor or other health profes-
sional ever told {you/SP} that {you/s/he} had con-
gestive heart failure (CHF)?”

(i) MCQ160c Has a doctor or other health profes-
sional ever told {you/SP} that {you/s/he} had cor-
onary heart disease (CHD)?

(iii)) MCQ160d: “Has a doctor or other health profes-
sional ever told {you/SP} that {you/s/he} had
angina, also called angina pectoris?”

(iv) MCQI160e: “Has a doctor or other health profes-
sional ever told {you/SP} that {you/s/he} had
a heart attack (HA), also called myocardial
infarction)?”

Smoking

Smokers were defined using the Smoking-Cigarette Use
Questionnaire (SMQ). Participants who answered “yes” to
question SMQO020 “{Have you/Has SP} smoked at least
100 cigarettes in {your/his/her} entire life?” were classi-
fied as smokers.

Dietary Intake

Dietary intake was estimated by 24-hour dietary recall,
a validated USDA Automated Multiple-Pass Method.'®
The specific intake of each nutrient was available in the
Dietary Interview-Total Nutrients Intakes. Consumptions
of dietary fiber, vitamin A, vitamin E, vitamin C, vitamin
D, polyunsaturated fatty acids (PUFA), and alcohol were
retrieved from the dietary data. Alcohol consumers were
identified if the alcohol consumption was >0 mg/day.
PUFA was
g incremental basis.

categorized into six groups on a 5

Laboratory Assessment

Laboratory data was accessed to acquire plasma biomar-
kers and indicators of lipid profile and glycemic control.
Cholesterol-High-Density Lipoprotein, Cholesterol-Low-
Density Lipoproteins & Triglycerides, Cholesterol-Total,
Glycohemoglobin, and Plasma Fasting Glucose data files
were used to extract high-density lipoprotein (HDL), low-
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Table | Baseline Characteristics

of the Overall Study

Participants, NHANES 2013-2018 (n=4346)

Baseline Characteristics

Total (n=4346)

Age, years, M [Q,,Q;]

68.00 [63.00,75.00]

Gender, n (%)

Male 2178 (45.85)

Female 2168 (54.15)
Race, n (%)

Mexican American 521 (3.98)

Non-Hispanic Black 925 (8.24)

Non-Hispanic White 1985 (78.09)

Others 915 (9.69)
BMI, kg/m?, n (%)

<185 1194 (27.57)

18.5- 42 (0.97)

25.0- 1709 (38.32)

30.0- 1401 (33.14)
Education level, n (%)

Less than 12th grade 1030 (12.69)

High school or above 3316 (87.31)
Marital status, n (%)

Divorced/separated 772 (14.92)

Married 2545 (64.72)

Widowed 788 (16.24)

Single 241 (4.11)
PIR, M [Q,,Q5] 3.18 [1.77,5.00]
Smoking, n (%)

No 3268 (79.25)

Yes 1078 (20.75)

Alcohol consumption, n (%)
No

3532 (77.82)

Yes 814 (22.18)
CHEF, n (%)

Yes 288 (5.35)

No 4058 (94.65)
CHD, n (%)

Yes 421 (10.15)

No 3925 (89.85)

Angina, n (%)

Table | (Continued).

Baseline Characteristics Total (n=4346)

Diabetes, n (%)

Yes 1181 (21.75)

No 3165 (78.25)
Hypertension, n (%)

Yes 2635 (57.39)

No 1711 (42.61)

HDL, mg/dL, M [Q,,Q;]
TG, mg/dL, M [Q,,Q;]
LDL, mg/dL, M [Q,,Q;]
TC, mg/dL, M [Q,,Q;3]
GHb, %, M [Q,,Qs]

GLU, mg/dL, M [Q,,Q;]
Dietary fiber, g, M [Q,,Qs]
Vitamin A, mcg, M [Q},Q3]
Vitamin E, mg, M [Q,,Q3]
Vitamin C,mg, M [Q,,Q3]
Vitamin D, mcg, M [Q},Q3]

54.00 [44.00,67.00]
107.00 [54.00,210.00]
101.00 [80.00,124.00]

189.00 [160.00,217.00]
5.70 [5.40,6.10]
107.00 [99.00,121.00]
14.90 [10.10,21.30]
524.00 [304.00,833.00]
7.37 [4.77,10.96]
55.60 [23.50,109.60]
3.20 [1.40,5.80]

PUFA, n (%)

<5 315 (5.29)
5- 854 (17.96)
10- 968 (21.74)
I5- 785 (19.17)
20- 544 (13.33)
25- 880 (22.52)

Abbreviations: BMI, body mass index; PIR, poverty income ratio; CHF, congestive
heart failure; CHD, coronary heart disease; HA, heart attack; HDL, high-density
lipoprotein; LDL, low-density lipoproteins; TG, triglycerides; TC, total cholesterol;
GHb, glycohemoglobin; GLU, plasma fasting glucose; PUFA, polyunsaturated fatty acids.

density lipoproteins (LDL), triglycerides (TG), total cho-
lesterol (TC), glycohemoglobin (GHb), and plasma fasting
glucose (GLU) levels.

Statistical Analysis

Data extraction was performed by R 4.0.2. The SPSS
Statistics 23.0 (IBM Corporation. Armonk, NY, USA)
was used for clustering. The SAS 9.4 (SAS Institute, inc.
Cary, NC, USA) was used to identify risk factors. A p

Yes 210 (5.09) value of less than 0.05 was defined as significant. Sample

No 4136 (9491) weights (WTINT2YR) were applied to all analyses to
HA, n (%) ensure the representativeness of the study sample.

Yes 375 (7.84) Continuous variables were examined for normality by

No 3971 (92.16) the Shapiro normality test. Normally distributed continu-

(Continued) ous variables were presented in mean and standard
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deviation (mean+SD) and compared using the independent
t-test. Non-normally distributed variables, displayed in
median and interquartile range [M(Q1-Q3)], were com-
pared by the Mann—Whitney U-test. Categorical variables
were expressed in frequencies and proportions (n%) and
compared using the Pearson’s chi-square test (y°) and
Fisher’s exact test when appropriate.

K-means clustering method was implemented to define
subgroups of stroke. All risk factors were applied as clus-
tering variables in this research. Each clustering variable
served as an axis to cluster the observations. The observa-
tions were assigned to the nearest centroid. The grouping
process was completed when all centroids had become
static, and all observations had been positioned. Once the
stroke subgroups were developed, intergroup comparisons
were made to identify variables that were significantly
different. Multivariate stepwise regression was implemen-
ted to investigate the potential stroke risk factors and
obtain the odds ratio (OR), 95% confidence interval
(95% CI), and p values. Receiver Operator Characteristic
(ROC) curves were applied to evaluate and compare the
performance of classification.

1.0

The final cluster center

Results
Study Population

Characteristics of the study population were summarized
in Table 1. Of the included 4346 people, the median age
was 68 years, with more female participants than male
participants (54.15% vs 45.85%). Most participants were
non-Hispanic whites (78.09%), followed by non-Hispanic
blacks (8.24%), others (9.69%), and Mexican Americans
(3.98%). A total of two-thirds of the populations were
observed to be overweight (38.32%) and obese (33.14%).
There were more married (64.72%) participants than
widowed (16.24%), divorced or separated (14.92%), and
single participants (4.11%). Most participants were non-
smokers (79.25%), and alcohol consumption was noted in
22.18% of population. Most people were not diagnosed
with CHF, CHD, angina, and HA, corresponding to
94.65%, 89.85%, 94.91%, and 92.16% of the overall
population. The study population consisted of 21.75%
diabetic patients. More than half of the study participants
(57.39%) were diagnosed with hypertension. The median
of HDL, TG, LDL, and TC level was 54.00 mg/dL,

mmm  Cluster A

mmm  Cluster B

_I'OIIIIIIIIIIII||||||||||||||
- B R NV @ ZK D@ ¥ DY U S & WS>
Qi@%‘»o &\9 < & 4 b«\b@ Y’o?;-‘l’ocz’ i@‘%&f@“o Q‘i\-&z&\ /@Z{—}o Q\&& %ﬁ&@%@
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SR

Figure 2 K-means clustering: centroids of each cluster.

Abbreviations: PIR, poverty income ratio; HDL, high-density lipoprotein; TG, triglycerides; LDL, low-density lipoproteins; TC, total cholesterol; GHb, glycohemoglobin;
GLU, plasma fasting glucose; CHF, congestive heart failure; CHD, coronary heart disease; HA, heart attack; PUFA, polyunsaturated fatty acids; BMI, body mass index.

International Journal of General Medicine 2021:14

6139

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ren and Fu

Dove

107.00 mg/dL, 101.00 mg/dL, and 189.00 mg/dL, respec-
tively. The median GHb and GLU level was 5.70% and
107.00 mg/dL, respectively. The median dietary fiber,
vitamin A, vitamin E, vitamin C, and vitamin D intake
was 14.90 mg, 524.00 mcg, 7.37mg, 55.60 mg, 3.20 mcg,
respectively.

K-Means Clustering
When applying the k-means clustering analysis, the study
population was grouped into two clusters, Cluster A and
Cluster B. There were 1384 participants in Cluster A and
1962 participants in Cluster B. The final clustering centers,
as known as the centroids, were presented in Figure 2. The
overall risk of stroke was 4.19%. The risk of stroke in
Cluster A was 7.56% (Figure 3), while the risk of stroke in
Cluster B was 2.60%. A significant difference in the stroke
incidence was detected (y*=57.965, P<0.001) between
Cluster A, 7.56%, and Cluster B, 2.60%.

When comparing the demographic -characteristics
(Table 2), age (Z=667.598, P<0.001), gender (y°=46.793,
P<0.001), race (y°=43.418, P<0.001), education level
((*=38.397, P<0.001), and PIR (Z=-999.692, P<0.001)
were significantly different between Cluster A and
Cluster B. The of physical

proportion activity

L 10—
et =57.965,P<0.001
.8 |
=
= 8= 7.56
o
o
(o8
2 6
g
Q 4.19
S 4
=
- 2.60
o
g 2=
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£ 0 ] T
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& & &
K o o)
S
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Figure 3 K-means clustering: the risk of stroke of each cluster.

(*=434.774, P<0.001), alcohol consumers (¥°=60.299,
P<0.001), CHF patients (y’=91.344, P<0.001), CHD
patients  (y’=126.416, P<0.001), angina patients
(*=60.128, P<0.001), HA patients (y*=124.904,
P<0.001), diabetic patients (X2:461.741, P<0.001), and
hypertension patients (y*=91.259, P<0.001) were also sig-
nificantly between Cluster A and Cluster B. Additionally,
disparities were observed in the following: BMI
(*=3.123, P<0.001), HDL (Z=-2490.96, P<0.001), TG
(Z=-230.891, P<0.001), LDL (Z=—2183.04, P<0.001),
TC (Z=-2921.49, P<0.001), GHb (Z=3940.41, P<0.001),
GLU (Z=3081.21, P<0.001), Dietary fiber (Z=—472.144,
P<0.001), vitamin A (Z=—450.076, P<0.001), vitamin
E (Z=-556.366, P<0.001), vitamin C (Z=-570.544,
P<0.001), vitamin D (Z=-202.439, P<0.001), PUFA
(*=9.001, P=0.109).

Pre-Defined Stroke Group

When defining the stroke subgroups based on the MCQ,
the stroke group included 182 participants, and the non-
stroke group contained 4164 people. As summarized in
Table 3, the demographic comparison discovered signifi-
cant differences in age (Z=958.729, P<0.001), race
(*=8.974, P=0.048), education level (y*=7.614,
P=0.008), physical activity (y*=11.529, P=0.009), and
PIR (Z=—473.070, P<0.001) between the stroke and non-
stroke group. In terms of cardiovascular diseases, only the
prevalence of CHF was significantly different between the
stroke and non-stroke groups (y*=4.236, P=0.045). The
stroke group consisted of a higher proportion of diabetic
participants than the non-stroke patients (y°=13.591,
P=0.001). A larger percentage of the hypertension patients
was in the stroke group than the non-stroke group
(1*=19.385, P <0.001). The HDL (Z=-358.113,
P<0.001), TG (Z=143.048, P<0.001), LDL (Z=
—457.960, P<0.001), TC (Z=-559.595, P<0.001), GHb
(Z=299.764, P<0.001), and GLU (Z=370.373, P<0.001)
levels were also significantly different between the stroke
and non-stroke group. Dietary intakes of fiber (Z=
—455.767, P<0.001), vitamin A (Z=—112.521, P<0.001),
vitamin E (Z=-313.950, P<0.001), vitamin C (Z=
—138.531, P<0.001), and vitamin D (Z=—82.555,
P<0.001) were significantly different between the stroke
and non-stroke group.

Stepwise Logistic Regression Analysis
After stepwise logistic regression analysis, age, diabetes,
hypertension, dietary fiber consumption, education level,
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Table 2 Baseline Characteristics According to the Risk of Stroke, k-Means Clustering Method
Variables K-Means Clustering Statistics P
Cluster A* n=1384 Cluster BT n=1962
Age, years, M [Q},Q3] 70.00 [65.00,76.00] 68.00 [63.00,75.00] Z=667.598 <0.001
Gender, n (%)
Male 849 (61.03) 1329 (40.71) £*=46.793 <0.001
Female 535 (38.97) 1633 (59.29)
Race, n (%)
Mexican American 224 (6.61) 297 (3.09) =43418 <0.001
Non-Hispanic Black 294 (10.08) 631 (7.61)
Non-Hispanic White 571 (71.59) 1414 (80.30)
Others 295 (11.72) 620 (9.00)
BMI, kg/m?, n (%)
<185 226 (14.04) 968 (32.15) 2=3.123 <0.001
18.5- 5 (0.25) 37 (1.22)
25.0- 506 (34.85) 1203 (39.50)
30.0- 647 (50.86) 754 (27.13)
Education level, n (%)
Less than 12th grade 434 (19.70) 596 (10.32) %*=38.397 <0.001
High school or above 950 (80.30) 2366 (89.68)
Marital status, n (%)
Divorced/separated 220 (13.50) 552 (15.40) 2+=5.586 0.150
Married 829 (63.32) 1716 (65.20)
Widowed 264 (18.63) 524 (15.44)
Single 71 (4.55) 170 (3.96)
Physical activity, n (%)
Sedentary 2182 (45.98) 804 (54.97) ¥*=34.774 <0.001
Insufficient 681 (16.43) 208 (16.34)
Moderate 545 (14.90) 154 (13.25)
High 938 (22.69) 222 (15.44)
PIR, M [Q,,Qs] 2.53 [1.43,4.48] 3.43 [1.89,5.00] Z=-999.692 <0.001
Smoking, n (%)
No 1095 (81.11) 2173 (78.61) 2+=1.598 0.213
Yes 289 (18.89) 789 (21.39)
Alcohol consumption, n (%)
No 1228 (87.41) 2304 (74.57) 2=60.299 <0.001
Yes 156 (12.59) 658 (25.43)
CHEF, n (%)
Yes 249 (18.24) 39 (0.98) =91.344 <0.001
No 1135 (81.76) 2923 (99.02)
CHD, n (%)
Yes 366 (32.67) 55 (2.52) 7=126.416 <0.001
No 1018 (67.33) 2907 (97.48)
Angina, n (%)
Yes 176 (15.64) 34 (1.52) 2=60.128 <0.001
No 1208 (84.36) 2928 (98.48)
(Continued)
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Table 2 (Continued).

Variables K-Means Clustering Statistics P
Cluster A* n=1384 Cluster BT n=1962

HA, n (%)

Yes 318 (25.81) 57 (1.75) 1=124.904 <0.001

No 1066 (74.19) 2905 (98.25)
Diabetes, n (%)

Yes 1046 (74.73) 135 (3.80) 1*=461.741 <0.001

No 338 (25.27) 2827 (96.20)
Hypertension, n (%)

Yes 1086 (77.46) 1549 (50.59) 2£=91.259 <0.001

No 298 (22.54) 1413 (49.41)
HDL, mg/dL, M [Q,,Qs] 45.00 [38.00,54.00] 57.00 [47.00,70.00] Z=-2490.96 <0.001
TG, mg/dL, M [Q,,Q5] 111.00 [43.00,197.00] 106.00 [56.00,219.00] Z=-230.891 <0.001
LDL, mg/dL, M [Q,,Q5] 84.00 [68.00,104.00] 108.00 [87.00,129.00] Z=-2183.04 <0.001
TC, mg/dL, M [Q,,Q3] 156.00 [139.00,183.00] 199.00 [173.00,223.00] Z=-2921.49 <0.001
GHb, %, M [Q,,Q3] 6.60 [6.00,7.40] 5.60 [5.40,5.80] Z=3940.41 <0.001
GLU, mg/dL, M [Q,,Qs] 128.00 [108.00,163.00] 104.00 [97.00,113.00] Z=3081.21 <0.001
Dietary fiber, g, M [Q,,Q3] 14.20 [9.50,19.70] 15.10 [10.30,22.00] Z=-472.144 <0.001
Vitamin A, mcg, M [Q,,Q3] 486.00 [274.00,770.00] 538.00 [311.00,851.00] Z=-450.076 <0.001
Vitamin E, mg, M [Q,,Qs] 6.78 [4.30,10.01] 7.49 [4.94,11.30] Z=-556.366 <0.001
Vitamin C,mg, M [Q,,Q;] 45.90 [20.60,95.00] 58.60 [24.90,115.70] Z=-570.544 <0.001
Vitamin D, mcg, M [Q,,Q5] 3.10 [1.30,5.50] 3.20 [1.50,5.90] Z=-202.439 <0.001
PUFA, n (%)

<5 110 (6.57) 205 (4.86) 22=9.001 0.109

5- 295 (20.29) 559 (17.17)

10- 311 (21.38) 657 (21.86)

15- 238 (18.46) 547 (19.40)

20- 159 (10.97) 385 (14.13)

25- 271 (22.32) 609 (22.59)

Notes: *Cluster A, high incidence of stroke, 7.15%; TCluster B, low incidence of stroke, 2.80%; in%, sample weights were applied to the all the percentages.
Abbreviations: BMI, body mass index; PIR, poverty income ratio; CHF, congestive heart failure; CHD, coronary heart disease; HA, heart attack; HDL, high-density
lipoprotein; LDL, low-density lipoproteins; TG, triglycerides; TC, total cholesterol; GHb, glycohemoglobin; GLU, plasma fasting glucose; PUFA, polyunsaturated fatty acids.

GHb, and GLU were identified as risk factors in the
k-means clustering analysis (Table 4). The most prominent
risk factor was diabetes, associated with a 28.02 times
increased risk of stroke (OR: 28.019, 95% CI: 19.139-
41.020, P<0.001). The analysis of biomarkers yielded
similar results, with a 1% increase in GHb showing
a 1.31 increase in the risk of stroke (OR: 2.309, 95% CI:
1.818-2.934, P<0.001). As the level of GLU increased by
1 mg/dL, the risk of stroke elevated 0.017 (OR: 1.017,
95% CI: 1.010-1.024, P<0.001). Hypertension was asso-
ciated with 2.34 times higher risk of stroke (OR: 2.343,
95% CI: 1.602-3.426, P<0.001). The risk of stroke
increased 0.05 in each l-year increase in age (OR:1.053,
95% CI:1.029-1.077, P<0.001). Every 1 g increase in

dietary fiber intake was linked with a 0.02 decrease in
the stroke risk (OR:0.980, 95% CI:0.964-0.995,
P=0.016). Higher education level also had a protective
effect (OR:0.541, 95% CI: 0.411-0.713, P<0.001).

Fewer risk factors were identified when using the
pre-defined stroke groups, including age, diabetes,
hypertension, and dietary fiber consumption. The effect
of hypertension (OR:2.295, 95% CI:1.338-3.938,
P=0.002) was more significant than diabetes
(OR:2.228, 95% CI: 1.432-3.466, P<0.001) on the risk
of stroke. Each I-year increase in age was associated
with 0.093 higher risk of stroke (OR:1.093, 95%
CI:1.054-1.132, P<0.001). Dietary fiber illustrated
a protective effect on stroke, each 1 g increase
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Table 3 Baseline Characteristics According to the Risk of Stroke, Pre-Defined Grouping Method
Variables Pre-Defined Grouping Statistics P
Stroke* n=182 No Stroke n=4164
Age, years, M [Q,,Qs] 74.00 [69.00,80.00] 68.00 [63.00,75.00] 7=958.729 <0.001
Gender, n (%)"
Male 93 (45.35) 2085 (45.87) 7*=0.007 0.933
Female 89 (54.65) 2079 (54.13)
Race, n(%)
Mexican American 12 (2.29) 509 (4.05) ;(Z=8.974 0.048
Non-Hispanic Black 34 (6.89) 891 (8.29)
Non-Hispanic White 107 (81.55) 1878 (77.95)
Others 29 (9.27) 886 (9.70)
BMI, kg/m?, n(%)
<185 55 (25.85) 1139 (27.64) 7*=7.290 0.063
18.5- I (0.19) 41 (1.00)
25.0- 74 (41.69) 1635 (38.19)
30.0- 52 (32.26) 1349 (33.17)
Education level, n(%)
Less than 12th grade 57 (23.24) 973 (12.26) P=7.614 0.008
High school or above 125 (76.76) 3191 (87.74)
Marital status, n(%)
Divorced/separated 27 (11.74) 745 (15.05) 2*=5.340 0.165
Married 93 (59.63) 2452 (64.93)
Widowed 53 (25.63) 735 (15.86)
Single 9 (3.00) 232 (4.16)
Physical activity
Sedentary 120 (62.52) 2062 (45.31) 2=11.529 0.009
Insufficient 21 (13.17) 660 (16.56)
Moderate 17 (8.68) 528 (15.15)
High 24 (15.64) 914 (22.97)
PIR, M [Q,,Qs] 223 [1.42,4.19] 3.22 [1.78,5.00] Z=—-473.070 <0.001
Smoking, n(%)
No 143 (85.19) 3125 (79.00) £=3.193 0.081
Yes 39 (14.81) 1039 (21.00)
Alcohol consumption, n(%)
No 152 (76.90) 3380 (77.85) £#=0.033 0.856
Yes 30 (23.10) 784 (22.15)
CHF, n(%)
Yes 23 (10.36) 265 (5.15) 2=4.236 0.045
No 159 (89.64) 3899 (94.85)
CHD, n(%)
Yes 34 (17.33) 387 (9.86) 7=4236 0.077
No 148 (82.67) 3777 (90.14)
Angina, n(%)
Yes 20 (10.77) 190 (4.86) 2=2.5030 0.121
No 162 (89.23) 3974 (95.14)
HA, n(%)
Yes 23 (11.45) 352 (7.69) 2°=1.789 0.188
No 159 (88.55) 3812 (92.31)
(Continued)
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Table 3 (Continued).

Variables Pre-Defined Grouping Statistics P
Stroke* n=182 No Stroke n=4164

Diabetes, n(%)

Yes 77 (41.24) 1104 (20.96) 2=13.591 0.001

No 105 (58.76) 3060 (79.04)
Hypertension, n(%)

Yes 143 (79.72) 2492 (56.49) 2°=19.385 <0.001

No 39 (20.28) 1672 (43.51)
HDL, mg/dL, M [Q,,Q;] 50.00 [41.00,59.00] 54.00 [44.00,67.00] Z=-358.113 <0.001
TG, mg/dL, M [Q,,Q5] 102.00 [44.00,187.00] 108.00 [55.00,210.00] Z=-143.048 <0.001
LDL, mg/dL, M [Q,,Qs] 88.00 [74.00,113.00] 102.00 [81.00,125.00] Z=-457.960 <0.001
TC, mg/dL, M [Q,,Q3] 173.00 [145.00,199.00] 189.00 [161.00,218.00] Z=-559.595 <0.001
GHb, %, M [Q,,Qs] 5.90 [5.50,6.60] 5.70 [5.40,6.10] 7=299.764 <0.001
GLU, mg/dL, M [Q,,Q3] 113.00 [102.00,133.00] 107.00 [99.00,120.00] Z=370.373 <0.001
Dietary fiber, g, M [Q},Q3] 12.50 [8.80,18.00] 15.00 [10.20,21.50] Z=-455.767 <0.001
Vitamin A, mcg, M [Q,,Qs] 466.00 [259.00,834.00] 526.00 [307.00,833.00] Z=-112.521 <0.001
Vitamin E, mg, M [Q,,Q3] 6.45 [4.30,9.74] 7.39 [4.80,11.00] Z=-313.950 <0.001
Vitamin C,mg, M [Q,,Q;] 40.70 [20.50,121.20] 56.50 [23.60,108.60] Z=-138.53I <0.001
Vitamin D, mcg, M [Q;,Q5] 3.10 [1.20,5.50] 3.20 [1.40,5.80] Z=-82.555 <0.001
PUFA, n(%)

<5 18 (10.05) 297 (5.09) 2*=16.570 0.005

5- 47 (24.58) 807 (17.69)

10- 44 (23.53) 924 (21.67)

15- 31 (17.60) 754 (19.23)

20- 18 (13.07) 526 (13.34)

25- 24 (11.18) 856 (22.98)

Notes: *Stroke, the stroke group was defined using the medical condition questionnaire; 'n%, sample weights were applied to the all the percentages.
Abbreviations: BMI, body mass index; PIR, poverty income ratio; CHF, congestive heart failure; CHD, coronary heart disease; HA, heart attack; HDL, high-density
lipoprotein; LDL, low-density lipoproteins; TG, triglycerides; TC, total cholesterol; GHb, glycohemoglobin; GLU, plasma fasting glucose; PUFA, polyunsaturated fatty acids.

consumption of which was associated with 0.034 times
lower risk of stroke (OR: 0.966, 95CI%:0.947-0.985,
P<0.001).

Since a significant effect of diabetes was detect, ROC
curves were plotted to interpret the performance of each
group method, as presented in Figure 4. The sensitivity
and specificity of the k-means clustering analysis were
significantly better than that of the pre-defined grouping
method. The area under curve (AUC) of the k-means
clustering was 0.854 (95% CI:0.842—-0.866), while the
AUC of the pre-defined grouping method was 0.579
(95% CI1:0.542—0.616). The AUCs of the two classification
methods were significantly different (Z=13.934, P<0.001).

Discussion

As a deadly and debilitating disease, stroke poses profound
physiological, psychological, and economic effects on
patients’ life, particularly among the aging population.

Accurately identifying the risk factor is crucial in minimiz-
ing the burdens of stroke. Using the k-means clustering, we
identified seven significant risk factors associated with the
risk of stroke in the elderly population. Age, diabetes,
hypertension, GHb, and GLU were positively associated
with stroke incidence, while dietary fiber and educational
attainment were inversely correlated with the risk of stroke.
The pre-defined grouping method yielded a smaller
sample size of the stroke group when compared with the
k-means clustering (182 vs 1384). Furthermore, certain
risk factors were not detected using the pre-defined stroke
group, including gender, BMI, marital status, smoking,
alcohol consumption, CHD, angina, and HA, which were
established risk factors.'"'"?' Additionally, the ROC
reflects a significantly superior specificity and sensitivity
of the k-means clustering methods. Therefore, the k-means
clustering analysis can detect potential significant risk
factors that are ignored using the pre-defined criteria.
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Figure 4 ROC curves evaluating the classification of diabetes.
Abbreviations: ROC, Receiver Operator Characteristic; AUC, area under curve.

Hypertension was proposed as the most potent risk
factor.”? In the present research, hypertension is also
linked with stroke occurrence. However, we observed
diabetes as the strongest predictor of stroke, increasing
the risk of stroke by 27 times using the k-means clustering
methods. The elevation of GHb and GLU level predicted
the increased risk of stroke, ascertaining the effect of
diabetes on stroke incidence. In contrast, diabetes was
linked with a less significant impact on stroke occurrence
using the pre-defined classification method, and the bio-
markers were not associated with the odds of stroke.
Several studies suggested that physical activity was asso-
ciated with a reduced risk of stroke.”>** In our study,
there was a statistical difference in physical activity
between the stoke and non-stroke groups. However, phy-
sical activity was not related to the risk of stroke in the
Logistic regression analysis. The possible explanation
was that the physical activity level of the included popu-
lation was unevenly distributed, and more people were
distributed in sedentary and insufficient physical activity
levels. Evidence suggested that the level of physical
activity was associated with the risk of stroke, and light
physical activity may not be related to the risk of
stroke.>> %’

The putative mechanism of diabetes’s influence
involves several aspects. The nitric oxide (NO)-mediated
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vasodilation is compromised among diabetic patients,
resulting in endothelial dysfunction and a cascade reaction
of atherosclerosis.”® The reduced arterial elasticity and
elevated inflammatory biomarkers among diabetic
patients, such as C-reactive protein, interleukin-1, inter-
leukin-6, and tumor necrosis factor-a, may also contribute
to the higher risk of stroke. Furthermore, hyperglycemia
may increase the vulnerability of vertebrobasilar arteries in
diabetic patients by sympathetic denervation, elevating the
risk of thrombotic infarction in the posterior cerebral
circulation.””

Although diabetes has been established as a risk factor

28.30.31 the influence is not as

of stroke in previous studies,
potent as that in the current study. The significantly higher
risk detected in this research may suggest the vital role of
glycemic control among the elderly population and imply
the accurate classification of k-means clustering methods,
which discerns borderline stroke patients and reveals the
critical role of diabetes in affecting the risk of stroke. The
superiority of the clustering analysis has also been con-
firmed in previous risk factor studies analyzing the
NHANES dataset.’>>® Other strengths of the current
study are the use of nationally representative sample and
adequate sample size.

The shortcomings of our study are mainly the study
The cross-sectional limits  the

design. design
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Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; GHb, glycohemoglobin; GLU, plasma fasting glucose.

interpretation of the bidirectional relationship between
stroke and the risk factors. Moreover, we were unable
to separate ischemic stroke patients from hemorrhagic
stroke patient since the NHANES questionnaire did not
specify the stroke types. Thus, the impact of each risk
factor on different types of stroke was uncertain. Yet,
findings of previous studies suggest similar risk factors

of ischemic stroke and hemorrhagic stroke,?®**

possibly
due to the overlapping pathophysiology of the two stroke
types. Additionally, of the 101.5 million global inci-
dences of stroke, ischemic stroke accounts for 76.1%
(77.2 million) cases. Therefore, the results of this
research may provide general information regarding the
primary prevention and secondary management of
stroke.

Besides maintaining normal blood pressure and adopting
a healthy diet and lifestyle, the findings of this research
underscore the importance of glycemic control in stroke pre-
vention in the aging population. Future research examining
the risk factor of stroke may specify the stroke types to obtain
a more comprehensive understanding. When examining risk
factors of other diseases, the k-means clustering method used
in this method may achieve a more objective appraisal.

Conclusion

In summary, age, diabetes, GHb, GLU, hypertension, diet-
ary fiber consumption, and education level are the risk
factors of stroke among populations aged >60 years.
Interestingly, diabetes, a modifiable risk factor, is asso-
ciated with an approximately 27 times higher risk of stroke
when using the k-means clustering. This research eluci-
dates the significance of diabetes to the risk of stroke.
Future studies are required to investigate the impact of
each risk factor on stroke subtypes.
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