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Abstract

Objectives: We examine variations in ischemic stroke prevalence, risk factors and hospital costs by age and gender among young,
mid-age, and elderly patients. Based on the Women’s Health Study and other research, we wondered whether ischemic stroke be

gender dominant at older ages, in part, because of loss of protective pre-menopause mechanisms in the elderly.

Methods: Patients (aged 20+) from 2010 California hospital discharge data system (HDDS) were examined with a primary diagnosis
of stroke (ICD-9 code 430-438; n = 9,770; average age 76; females 52%) along with their demographics, co-morbidities, and hospital

costs. Specific prevalences according to age (20 - 50, 51 - 64, and 65+ years), gender, risk factors and hospital costs were analyzed.

Results: The overall prevalence of stroke was 4.2%, and it increased significantly with increasing age from 3.0% among 20 - 50
years to 3.3% among 51 - 64 years, to 4.5% among the elderly (65+ years). While the proportion of stroke was equal among males
and females in the younger and mid-age groups, stroke was more prevalent among elderly females than males (4.6% vs. 4.4%, p <
.01). Risk factors across all three age groups included hypertension, hyperlipidemia, coronary heart disease, and atrial fibrillation.
Further, diabetes mellitus existed as a risk factor only for the elderly females. Finally, the average cost for stroke alone was $80,696
and it covered over 50% of the total cost of the year. Stroke cost was higher for males ($88,057) and younger patients of both genders
($127,370) compared to patients in other groups due largely to longer hospitalization.

Conclusion: Stroke is more prevalent among hospitalized younger and mid-age males while it is higher among elderly females. Fur-
ther, higher hospital costs among the younger patients reflect the burden of co-morbid conditions, and possibly surgical procedures
involving brain swelling which is more of an issue with young stroke patients. Prospective studies are warranted to assess whether

proven preventive programs aimed at these risk factors among younger individuals could reduce stroke morbidity and hospital costs.
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Background

More than 795,000 adult men and women experience stroke each year, producing an estimated healthcare cost of $34 billion per year
[1]. Stroke prevalence varies according to age, sex, and race. In general, stroke prevalence is higher among older individuals, among males,

and those in the minority groups, and 88% of all stroke is classified as ischemic rather than hemorrhagic [1-4].

Previous studies have pointed to the importance of various stroke risk factors, including hypertension (HTN), diabetes mellitus (DM),
hyperlipidemia, coronary heart disease (CHD), atrial fibrillation (AFib), obesity, dementia, and depression. Previous studies show that
these risk factors vary by gender and age [5-11]. For instance, stroke prevalence was generally low (3% - 4%) among young adults (aged
< 50 years) and their risk factors included hypertension, smoking, dyslipidemia, alcohol abuse, and drug abuse [12-23]. In contrast, the
middle age group (51 - 64 years old), had risk factors that included hypertension, coronary heart disease, AFib, family history, alcohol
abuse and smoking [24,25] and the elderly group (65+ years old), was characterized by hypertension, diabetes mellitus, coronary heart

disease, atrial fibrillation, obesity, and dementia [26-32].

While we examine the traditional cardiovascular risk factors that persist through the life cycle, what remains unknown is their varia-
tion by gender within each age group along with variations in healthcare costs per year. Thus, this paper examines data on California

stroke patients regarding variations in stroke prevalence, risk factors, and hospital costs by age and gender.
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Methods

Sample

We obtained the year 2010 administrative files of Hospital Discharge Data System (HDDS) from the California’s Office of Statewide
Health Planning and Development (OSHPD) on patients (aged 20+; n = 234,465). From this cohort, we selected patients with a primary
diagnosis of stroke (ICD-9 codes 430-438; n = 9770, mean age 76 (SD = 13.48), females 52%) along with their demographics (age, sex),
co-morbid conditions as secondary diagnosis, number of hospital admissions, length of stay (days), and hospital charges (submitted cost
in USD) for each discharge in 2010. The sample had 62% whites, 18% Hispanics, 12% African Americans, and 8% Asian/Pacific Islanders,
and it also included 3.2% of patients with a diagnosis of hemorrhagic stroke which was distributed as 1.9%, 1.7%, and 3.5% among the

three age groups respectively.

For each patient, two indices of co-morbidity were computed: (i) a simple count of all secondary diagnoses that were identified by ICD-
9-CM codes; and (ii) Charlson [33] Index of co-morbidity severity. Further, two measures of cost were developed: (1) cost for 1% stroke
discharge, and (2) total cost for the same patient that included the hospital charges for 1st stroke discharge plus the charges (cost) for
other discharges with different diagnoses during 2010.

Statistical analysis: Differences between stroke and non-stroke patients as well as the prevalence of stroke, risk factors by sex within
each age category, were all evaluated with logistic regression models, Pearson x? and the Fisher’s Exact Tests. Cost differences between

groups were evaluated with ANOVA.

Results

Stroke prevalence and risk factors by age and gender

Overall 4.2% of all patients had stroke, and stroke prevalence was higher among the Elderly (E) compared to Mid-age (M) and Younger
(Y) groups (E:M:Y; 4.5% vs. 3.3% vs. 3.0%%, p <.001, table 1, cols. 3 - 5). Further, in all three age groups, stroke was associated (p <.001)
with HTN, hyperlipidemia, CHD, and AFib (E:Y:M; table 1, odds ratios, cols, 6 - 8). As expected, dementia was associated with stroke only
among Mid-age and Elderly groups (Table 1, cols, 7 - 8).

Stroke --> --> --> OR/CI OR/CI- OR/CI- All stroke
Variables Stl:(())l-(e Sé‘z{‘(e Young I\:ig‘: Elderly Young Mid-age Elderly Patiel;:tls s
Cols > 1 2 3 4 5 6 7 8 9
N----> 224,695 | 9,770 536 | 1389 | 7845 - e 9770
Stroke% | ------ 4.2 3.0 3.3 4.5 e e
HTN % 81 90* 83 90* 90 2.16%/1.69-2.76 | 2.56*/2.12-3.08 | 2.05*/1.8-2.22 2.14%/2.0-2.3
DM % 42 44 42 56* 42 1.00/.83-1.21 1.08/.97-1.22 | 1.06+/1.01-1.22 | 1.06*/1.02-1.11
Chol % 9 12* 10 12 12 1.44*/1.07-1.93 | 1.39*%/.97-1.22 | 1.33*/1/23-1.43 | 1.34*/1.26-1.43
CHD % 53 57* 40 53 59* 1.25*/1.02-1.52 | 1.16+/1.03-1.29 | 1.15*/1.10-1.21 | 1.16*/1.11-1.21
HTFTP % 27* 14 22% 16 13 .58/.47-71 44/.38.41 40/.40-1.21 41/.31-44
MI %% 11* 9 10 10 9 .94/.68-1.29 .73/.61-.88 .62/.57-.68 .51/.61-.70
AFIB % 49 59* 37 40 64* 1.43*/1.20-1.42 | 1.19%/1.05-1.33 | 1.52*/1.44-1.59 | 1.45*/140-1.54
CKD % 40* 38 32 36 39* .95/.79-1.16 .89/.79-1.00 .84/.79-.88 .85/.81-.89
COPD % 32* 24 16 23 25* .73/.57-93 .68/.60-.78 .66/.63-.70 .71/.64-71
Dep % 19 20 25* 25 19 1.13/.92-1.40 1.12/.98-1.27 1.02/.97-1.09 1.05/.99-1.10
Dement % 1.3 4.6* 1.3 1.8 5.4 16.3/6.12-43.2 | 4.51*/2.89-6.00 | 1.73*/1.56-1.92 | 1.84*/1.65-2.02

Table 1: Clinical characteristics (%) and 0dd ratios and 95% Confidence Interval (CI) of stroke by age in 2010 (n = 9,770).

+ &* OR is significant at p <.01 and p <.001 in multivariate logistic regression models; young= 20-50 yrs old ; Mid-age= 51-64 years;
Elderly= 65+ years; HTN: Hypertension; DM: Diabetes Mellitus; Chol: Hyperlipidemia; CHD: Coronary Heart Disease; HTFTP: Heart Fail-
ure; MI: Myocardial Infarction; AFib: Atrial Fibrillation; CKD: Chronic Kidney Disease; COPD: Chronic Obstructive Pulmonary Disease;
Dep: Depression; Dement: Dementia; OR: 0dd Ratios; CI: 95% Confidence Interval.

Stroke prevalence was higher among females than males (4.3% vs. 4.1%, p <.001). Within age groups, stroke prevalence was similar
across gender among younger and mid-age patients but higher among the elderly females (F:M; 4.6% vs. 4.4%, p <.01, table 2, cols. 5 - 6).
Further, HTN, CHD and AFib were all associated (p <.001) with gender across three age groups (odds ratios; table 2, cols. 1 - 6). Diabetes
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emerged as a risk factor only for Elderly females (Table 2, col. 6) along with dementia which related to stroke (p <.01) for both males and

females in the mid-age and elderly groups. Finally, depression emerged as a risk factor only for the elderly males (Table 2, col. 5).

Variables Young Male Young Female Mid-age Male Mid-age Female Elderly Male Elderly Female
N-> 331 205 836 553 3521 4324
Cols -> 1 2 3 4 5 6
Stroke % 3.1 2.8 3.4 3.2 4.4 4.6*
HTN OR 2.22%/ 2.41*/ 2.56%/ 2.54*/ 2.05%/ 2.05%/
CI 1.46-2.2.78 1.65-3.51 2.02-3.23 1.91-3.46 1.84-2.29 1.84-2.28
DM OR 1.09/ .89/ 1.08/ 1.11/ 1.01/ 1.10+/
CI .85-1.37 .65-1.22 92-1.24 92-1.34 .95-1.09 1.03-1.17
Chol OR 1.60*/ 1.25/ 1.54*/ 1.20/ 1.31*/ 1.35*/
CI 1.13-2.67 .66-2.00 1.24-1.89 91-1.58 1.18-1.46 1.22-1.48
CHD OR 1.30+/ 1.12/ 1.08/ 1.25+/ 1.18*/ 1.13*/
CI 1.01-1.67 .79-1.57 92-1.25 1.04-1.50 1.09-1.27 1.06-1.25
HTFTP OR .54/ .64/ .39/ .54/ .38/ 41/
Cl 42-71 45-92 .32-.48 42-.66 .34-42. .37-.45
MI  OR 77/ 1.44/ .70/ 77/ .58/ .66/
CI .50-1.12 .82-2.46 .56-.89 .56-1.05 .51-.65 .60-.75
AFIB OR 1.38+/ 1.58%/ 1.15+/ 1.17+/ 1.32%/ 1.67*/
CI 1.07-1.77 1.15-2.11 1.00-1.33 1.02-1.45 1.26-1.45 1.56-1.78
CKD OR 96/ 93/ .86/ 91/ .83/ .85/
CI .75-1.22 .68-1.32 .74-1.00 .77-1.13 .77-.89 .80-91
COPD OR .89/ .55/ .64/ 73/ 67/ .66/
CI .65-1.18 .36-.83 .54-76 .61-90 .62-.73 .67-71
Dep OR 1.15/ 1.12/ 1.13/ 1.13/ 1.15%/ .96/
CI .90-1.55 .82-1.53 .95-1.35 .94-1.36 1.05-1.26 .89-1.03
Dement OR 16.9/ 9.61/ 3.35+/ 6.00/ 1.92%/ 1.60*/
CI 5.7-50.5 9.5-93.4 1.75-6.68 3.30-10.9 1.64-2.25 1.39-1.83

Table 2: 0dd ratios (OR) and 95% Confidence Interval (CI) of CVD Factors By age and gender.

+and * indicate OR significant at p <.01 and p <.001 respectively; young age = 20 -50 years old; Mid-age = 51 - 64 years; Elderly=

65+yrs; HTN: Hypertension; DM: Diabetes Mellitus; Chol: Hyperlipidemia; CHD: Coronary Heart Disease; HTFTP: Heart Failure; MI:

Myocardial Infarction; AFib: Atrial Fibrillation; CKD: Chronic Kidney Disease; COPD: Chronic Obstructive Pulmonary Disease; Dep:
Depression; Dement: Dementia;

Stroke hospital cost by age and gender

Table 3 shows that the average stroke cost for 1st stroke was $80,696, and it was higher among young stroke patients compared to
middle age and elderly patients (Y:M: E; $127,370 vs. $102,190 vs. $73,877, p < .05). The total cost in 2010 was 8.4% higher for stroke
patients compared to non-stroke patients (Table 3, $142,020 vs. $135,200, p <.001). Further, more than 50% of the total costs were from
the cost of 1st stroke admission. The higher total cost of Younger compared to Mid-age or Elderly patients (Y:M: E; $214,240 vs. $177, 200
vs. $130,860) was due to longer hospitalization (22 days vs. 17 among mid-age vs. 16 among the elderly).

Table 4 shows cost breakdown by age and gender. Here, both the cost for stroke alone and total cost for the entire year were higher
for males than females (M:F; stroke alone; $$88,057 vs. $73,861, p <.01, total cost; $151,380 vs. $133,390, p <.01, cols. 4 - 5). Moreover,
when gender and age were examined separately, the costs were higher (p <.001) for younger males than mid-age or elderly males (Y:M:
E; stroke cost alone $147,700 vs. $105,220 vs. $78,492; total cost $259,870 vs. $168,770 vs. $137,060 cols. 1 - 3). Among females, the cost
for stroke alone and total cost were higher (p <.01) for Mid-age females compared to Younger or Elder females (M: Y:E; stroke cost alone:
$96,926 vs. $95,470 vs. $70,165; total cost: $189,930 vs. $140,570, vs. $125,820, see cols. 6 - 8). Overall, stroke cost among the elderly was

lower for both males and females compared to same gender patients in other groups.
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wres | Mo | AL Yome | widage | Bdery
N-> 224,695 9770 536 1389 7845
Age 74 76 44 58 81
Comorb. 3.7 3.8 3.2 3.6 3.8*
Charlson 3.5 3.8 3.5 4.0 3.9
# Adm 1.6 2.0* 2.7% 2.1 1.9
LOS 12.4 16.4* 21.8 17.0 15.7
1t Stroke | @ ------- 80,696 127,370 102,190 73,877
Cost $
Total cost $ 135,200 142,020* 214,240* 177,200 130,860
SD 25,353 24,403 31,524 28,162 22,946

Table 3: Average hospital cost of stroke by age, 2010.

973

+ & *stand for significant differences between two columns at p <.05, and p <.001 respectively; comorb: Number of Comorbidities; Charl-
son: Charlson Index of Comorbid Severity; # Adm: Number of Hospital Admissions; LOS: Length of Stay (Days); Stroke cost $: Stroke Cost
for 1¢ Discharge; Total cost $: Total Costin 2010 of all hospital admissions; SD: Standard Deviation of Total Cost.

Variables Young Mid-age Elderly Total Total Young Mid-Age Elderly
Male Male Male Male Female Female Female Females
Col > 1 2 3 4 5 6 7 8
N-> 331 836 3521 4688 5082 205 553 4324
Age 44 58 80 73 78 43 58 83
Comorb. 3.4 3.6 3.9* 3.8* 3.6 29 3.7* 3.7
Charlson 3.5 3.8 4.1* 4.0+ 3.8 3.5 4.3+ 3.7
# Adm 2.8% 2.0 1.9 2.0 2.0 2.4 2.3 1.9
LOS 26.5* 16.3 14.9 16.0 16.8 14.5 183 16.7
15t Stroke 147,700 105,220 78,492 88,057 73,861 95,470 96,926 70,165
Cost$
Total cost$ 259,870* 168,770 137,060 151,380 133,390 140,570 189,930 125,820
SD 32,229 25,981 26,836 27,732 20,831 16,609 31,152 19,194

Table 4: Average hospital cost of stroke by age and gender, 2010.

+ & * stand for significant differences between two columns at p <.05, and p <.001 respectively; comorb: Number of Comorbidities;
Charlson: Charlson Index of Comorbid Severity; # Adm: Number of Hospital Admissions; LOS: Length of Stay (Days); Stroke cost $:
Stroke Cost for 1% Discharge; Total cost $: Total Cost in 2010 of all hospital admissions; SD: Standard Deviation of Total Cost.

Discussion

Our findings are highly relevant with regard to younger males and older females. First, our findings are consistent with the hypothesis
that ischemic stroke prevalence increases with increasing age among hospitalized patients. Second, the gender related disparity that
appeared for ischemic stroke in the elderly group also appears to be age-related. The higher stroke prevalence among hospitalized, post-

menopausal, elderly females may be due to loss of various protective factors (e.g. estrogen) that existed in younger years [34,35].

Younger hospitalized adults had a lower prevalence of stroke but longer hospital stay and higher costs. It is possible to offer various hy-
potheses about why this may be so. For example, while the younger patients shared similar risk factors (HTN, CHD, hyperlipidemia, atrial
fibrillation) with other age groups, these risk factors (due to lack of health insurance) may be poorly controlled in the younger group, and
as a consequence, younger patients may have had more severe stroke involving brain swelling which requires surgical interventions [36]
(such as de-compressive hemicraniectomy). Surgery usually prolongs hospitalization and adds to costs. Further, In the absence of a health
insurance, longer hospitalization may also occur because such patients cannot be transferred easily to a Rehabilitation Center. All these

factors could have contributed to longer stay and higher costs among the younger patients. Analytic epidemiologic research (designed a
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priori) would be required to test these hypotheses. Finally, our finding that AFib was a significant risk factor in the younger group was
surprising as AFib is usually more frequent at older ages. It is tempting to speculate that the occurrence of Afib in our younger group may
be related to uncaptured variables such as drug abuse or abuse of recreational substance that may adversely affect cardiac rhythm at

younger ages.

The overall cost of treating stroke for a year has reportedly varied from $20,396 to $77,864 [3,37-39]. The stroke cost in our study
($80,696) appears to be consistent with these reports. Our cost estimates also varied notably by age and gender. For example, the higher
cost occurring among the males appear to be consistent with the hypothesis that males (compared to females) delay seeking professional
help until late in the progression of their illness [40-44] possibly resulting in more complex and costly treatment. However, in our data,
the mid-age females had higher costs compared to females in other groups. The higher cost of mid-age female may have occurred due to
higher prevalence of depression among them (33% in mid-age vs. 29% among young vs. 21% among elderly, p <.05). The role of depres-
sion in stroke cost warrants further examination as previous research has reported that co-morbid depression increases healthcare costs

of heart failure, stroke, breast and lung cancers [3,45-48].

Limitations

Generalization of these results are limited due to several factors. First, California Hospital Discharge Data (HDDS) do not include
patients from Veterans Affairs hospitals (VA) or patients hospitalized in mental institutions. Additionally, these data do not provide infor-
mation about reimbursed costs or patient characteristics such as marital status, educational attainment, or annual income. Clinical data
such as medications, clinical tests performed or clinical test results are not included in HDDS data. Patients are also assigned different
identification numbers each year (for reasons of confidentiality) which prevents follow-ups. In part, these factors limit generalizability to
those included in this discharge data set. Also, since the present findings are confined to hospitalizations and do not include information
about pre-hospitalization, mortality and/or morbidity, they cannot specifically quantify risk itself. Despite these and other limitations,
these results are highly useful for policy and programmatic purposes as they represent a large sample from a racially and ethnically di-

verse population of California.

Conclusion

We conclude that stroke prevalence among hospitalized patients in these data increases with age and is highest among elderly women,
possibly because of loss of protective pre-menopausal mechanisms. Tests of these and other hypotheses generated by these descriptive
data would require analytic epidemiologic designed studies. Confirmation of the present results would call for randomized controlled
trials to determine whether evidence-based programs for early risk factor prevention and/or treatment can reduce stroke morbidity and

healthcare costs.
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