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ABSTRACT 

 

 

INTRODUCTION: Cardiovascular disease (CVD) is a leading cause of death in the 

United States. It can lead to hospitalization, disability, mortality and decreased quality of 

life. Abnormal hemoglobin concentration (anemia or higher than normal level) has been 

proposed as a potential risk factor for CVD. However, it has not been tested in general 

postmenopausal women using large perspective study method.  The overall objective of 

this dissertation is to examine the association between abnormal hemoglobin 

concentration, left ventricular hypertrophy (LVH), and cardiovascular outcomes in 

postmenopausal women. 

METHODS: This dissertation unitized data from the Women’s Health Initiative (WHI) 

cohort. Hemoglobin concentrations were classified into several categories: normal (12g/dl 

≤ hemoglobin ≤15g/dl), mild anemia (hemoglobin < 12g/dl), moderate anemia 

(hemoglobin < 11g/dl), severe anemia (hemoglobin<10.5g/dl), and extremely high 

hemoglobin (EHH) (hemoglobin >15g/dl). Three associations were assessed. Hemoglobin 

concentration and subsequent cardiovascular events were tested in the WHI participants 

without prior CVD (n=123,465). The association between hemoglobin concentration and 

cardiovascular death was tested in the WHI participants with prior CVD (n=26,929). The 

last study, testing the association between hemoglobin concentration and LVH, were 

assessed cross-sectionally in the WHI clinical trials which had electrocardiographic (ECG) 

data (n=57,551).  

RESULTS: In women without prior CVD, both anemia and EHH was associated with an 

increased risk of cardiovascular events.  The association varied by age groups, and EHH 
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associated cardiovascular risk decreased with age. In women with prior CVD, risk of 

cardiovascular death significantly increased by 48%, 90% and 32% in mild anemia, 

moderate/severe anemia, and EHH group respectively compared to normal group. In the 

WHI participants who had ECG data, odds ratios of LVH were 1.13 (95% CI: 0.90-1.41), 

1.35 (95% CI: 0.76-2.40), and 1.32 (95% CI: 0.76-2.40) for mild anemia, moderate/severe 

anemia, and EHH group respectively compared to normal group.  

CONCLUSION: These studies constantly demonstrated a U-shaped association between 

hemoglobin concentration and cardiovascular risk in the postmenopausal women. It 

suggests that the association of hemoglobin concentration and incidence of CVD was 

modified by age. Additional research is needed to determine whether there is a cause-and-

effect relationship between hemoglobin concentration and LVH.  
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CHAPTER 1: INTRODUCTION 

 

        As the leading cause of death in the United States, cardiovascular disease (CVD) is a 

major public health problem in aging populations. CVD can lead to hospitalization, 

disability, mortality and decreased quality of life. It is estimated that approximately 82.6 

million people in the United States suffer from CVD, with about 1,255,000 incident heart 

attacks and 795,000 incident strokes occurring each year [1]. The economic burden of 

CVD is enormous. The total cost of cardiovascular disease in the United States was 

estimated to be around $286 billion in 2007[2], and was projected to reach to $818 billion 

in 2030 as the population ages [3].  

        There are a number of risk factors associated with development of CVD, including 

tobacco use, elevated blood pressure, high LDL cholesterol, low HDL cholesterol, obesity 

and overweight, physical inactivity, and diabetes mellitus [4-14].  In recent years, 

abnormal hemoglobin concentration, especially anemia, has been proposed as an 

unconventional risk factor for CVD, although its effect is not fully understood. Anemia is 

commonly found among the elderly in the US. The prevalence of anemia is highly 

correlated with age. The Third National Health and Nutrition Examination Survey 

(NHANES III) estimated that 10.6% of people age 64 and older suffered anemia, and the 

prevalence doubled to 20% in the people age 85 and older. The magnitude of risk for 

anemia also varies by ethnicity. African Americans were about three times more likely to 

suffer from anemia than their non-Hispanic White counterparts [15]. Although it is 

difficult to separate the health sequence of anemia from other co-morbidities, 

accumulating evidences suggest that anemia might be an risk factor of cognitive 
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impairment, disability, decreased muscle mass and physical function, cardiovascular 

diseases (CVD), hospitalization, and all-causes mortality [16-18].  Theoretically, low 

hemoglobin concentration can induce a decrease in blood viscosity, which may increase 

venous return, and then leads to increased cardiac output accompanied by increased 

preload and decreased afterload. Over time this can contribute to the development of left 

ventricular hypertrophy (LVH).  

        Although gathering less attention, hemoglobin concentration higher than normal level 

might be also associated with increased risk of CVD outcomes. Elevated hemoglobin 

concentration can cause LVH through increase of blood viscosity and peripheral 

resistance. It has been well demonstrated that LVH is associated with increased risk of 

adverse cardiovascular outcomes including stroke, angina, myocardial infarction (MI), 

congestive heart failure, and cardiovascular deaths [19-22].  

       In this study, we took advantage of data available from the Women’s Health Initiative 

(WHI) study, to examine the association of hemoglobin concentration and cardiovascular 

outcomes in postmenopausal women. The WHI is a long-term national health study 

among multi-ethnic elderly women including non-Hispanic whites, African Americans, 

Hispanics, Native Americans, and Asian/Pacific Islanders. It provided a perfect 

opportunity to study the effects of abnormal hemoglobin, both low and high levels, on 

cardiovascular disease (CVD) and its relevant outcomes. The specific aims of this 

dissertation are: 
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Specific Aim 1: To assess the association between baseline hemoglobin concentration and 

subsequent incidence of CVD events among participants without CVD at the enrollment. 

We hypothesized that,  

1.1 Anemia is associated with increased incidence of CVD over the course of the study, 

and  

1.2 Extremely high hemoglobin concentration is associated with increased incidence of 

CVD over the course of the study, and 

1.3 Age and ethnicity modify the relationship between hemoglobin concentration and 

CVD events. 

 

Specific Aim 2: To investigate the association between hemoglobin concentrations and 

CVD death mortality among women with prevalent CVD. We hypothesize that,  

2.1  Anemia is associated with faster progression to CVD death and all-cause death, and  

2.2  Extremely high hemoglobin is associated with faster progression to CVD death and 

all-cause death, and 

2.3  Age and ethnicity modify the relationship between hemoglobin concentration and 

CVD mortality and all-cause death. 

Specific Aim 3: To evaluate the association between hemoglobin concentrations and left 

ventricular hypertrophy (LVH). We hypothesize that:  

3.1  Anemia is  associated with increased LVH, and   

3.2  Extremely high hemoglobin is associated with increased LVH, and   
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3.3 Hypertension, age and ethnicity modify the relationship between hemoglobin 

concentrations and LVH. 
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Dissertation format 

     This dissertation will first present a literature review on cardiovascular disease, anemia, 

and elevated hemoglobin concentration. Introduction of the WHI study will be presented 

next, followed by the additional background, methods, results and discussions for the three 

main studies. The final chapter will provide an overall discussion and present future 

direction for cardiovascular disease and hemoglobin concentration research.  
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CHAPTER 2: REVIEW OF CARDIOVASCULAR DISEASE 

 
 

       CVD refers to a class of diseases that involve the heart or blood vessels. It covers a 

number of diseases that affect the circulatory system, including myocardial infarction, 

angina pectoris, heart failure, coronary death, stroke, and transient ischemic attack (TIA) 

among others. According to International Classification of Diseases and Related Health 

Problems, tenth revision (ICD-10), it is classified as acute rheumatic fever (I00-I02), 

chronic rheumatic heart disease(I05-I09), hypertensive disease (I10-I15), Ischemic heart 

disease (I20-25), pulmonary heart disease and disease of pulmonary circulation (I26-I28), 

other forms of heart disease (I30-I52), cerebrovascular diseases (I60-69), diseases of 

arteries, arterioles and capillaries (I70-I79), and other diseases of circulatory system [23].  

       CVD is the leading cause of death in the United States, with heart disease ranking first 

and stroke ranking third as specific causes of death [24]. In 2006, 831,272 deaths in US 

were contributed to CVD. Among them, CHD accounted for 51.2%, stroke accounted for 

16.5%, and heart failure accounted for 7.3% [25]. It is estimated that approximately 81.1 

million people in US suffering from CVD, with about 1,255,000 incident heart attack and 

795,000 incident stroke occurring each year [1]. Despite the enormous magnitude of the 

current CVD burden, the incidence and mortality of CVD have been substantially 

declining due to improvement of medical treatment and reduction of risk factors. Age-

adjusted CHD mortality rate has decreased more than 3% per year, and age-adjusted 

stroke mortality rate has decreased more than 3.5% per year from 1970 to 1990. The trend 

has been seen in all race-sex groups [26]. After 1990, the rate of decrease in CVD 

mortality has decreased to 2.2% per year from 1993 to 2003 [27].   

http://en.wikipedia.org/wiki/Heart
http://en.wikipedia.org/wiki/Blood_vessel
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2.1 Risk Factors for CVD 

    

     A number of factors have been identified that increase the risk of developing CVD. 

From a disease prevention perspective, only some of them are modifiable. Modifiable risk 

factors for CVD include smoking, elevated blood pressure, high blood cholesterol, obesity 

and overweight, physical inactivity, and diabetes mellitus [4-6]. Their effects on CVD 

have been extensively documented. Each of these risk factors are discussed as follows: 

Modifiable Risk Factors 

 

         Smoking is a major preventable risk factor for CVD. Smokers have 2-4 time higher 

risk of developing coronary heart disease (CHD) than nonsmokers. Each year, 30% of all 

CHD deaths in
 
the United States are attributable to cigarette smoking [14, 28], and 

smoking increases the risk of ischemic stroke by two times [7]. In 2000 more than 1.62 

million cardiovascular deaths,  accounted for 11% of total death, were estimated to be 

caused by smoking in the world [29]. Smokers can benefit from smoking cessation. 

Patients with CHD who quitted smoking had 30% less mortality risk than those who 

continued smoking [30].  

        Hypertension is another major modifiable cause of CVD. Hypertension is commonly 

defined in adults as systolic blood >140mmHg, or diastolic blood pressure >90mmHg.  It 

is responsible for 62% of strokes and 49% of CHD [31]. Effective treatment of 

hypertension can greatly reduce cardiovascular risk. A 10mm Hg decrease in systolic 

blood pressure or 5 mm Hg decrease in diastolic blood pressure could reduce 

approximately 50-60% risk of stroke death and 40-50% risk of CHD death [32].  
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       Diabetes mellitus also greatly increases the risk of developing CVD. The risk for 

CVD in diabetic patients is about two to three times higher compared to non-diabetics, and 

the risk is even greater if blood glucose is not well controlled [8]. Cholesterol effect on 

CVD is a little complicated. Low-density lipoprotein along with triglycerides and Lp(a) 

cholesterol can slowly build up in the inner walls of the arteries that feed the heart and 

brain, and finally cause atherosclerosis which is known as the key process in developing 

heart disease and stroke. High-density lipoprotein, instead, can remove excess 

cholesterol from arterial plaque, slow its buildup and then protect against CVD. An 

increment in HDL-C level of 1 mg/dl is associated with a decrease in CHD risk of 2% to 

3% [9, 10].  The effects of physical inactivity, obesity and overweight on CVD have also 

been extensively documented [11, 33]. All these risk factors can increase the risk of CVD 

independently, but in most situations, they work together and can cause more cases and 

much more severe outcomes. 

Un-modifiable Risk Factors 

 

       Age, gender and race/ethnicity are usually considered as un-modifiable risk factors for 

CVD since they cannot be changed by intervention. However, they also play important 

roles in developing CVD and often are used to describe and explain the differences of 

incidence and prevalence of CVD and its risk factors among populations. CVD occurs at 

any age but are much more common in the elderly, with the death rate increasing 

markedly with age. About 42.6% of CVD deaths happen in individuals aged 85 years and 

older while 28% and 19% CVD death occurred in those aged 55-64 and 35-44 years 

respectively [1]. The Framingham Heart Study has demonstrated that the incidence of first 
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CVD events rise from 7 per 1000 person-years at age 35-44 to 68  per 1000 person-years 

at age 85-94.  

       There is substantial difference in CVD risks between males and females. Men have 

markedly higher incidence and mortality rate of CVD than their age-comparable 

premenopausal women. For stroke, men has 33% higher in incidence and 41% higher in 

prevalence than women [34];  CHD incidence in men was 3 times higher and mortality 

was 5 times higher compared to women [35]. However, such differences diminish after 

women’s menopause. CVD risk also varies considerably among major ethnic groups in the 

United States. In general, African Americans have the highest incidence and mortality rate 

and Asians have the lowest rate. Non-Hispanic Whites and Hispanics have relatively 

lower rates than African American. Divergent trends in CVD risk over time had also been 

documented in different race/ethnicity. From 1993 to 2005, the ischemic stroke incidence 

in non-Hispanic whites has decreased from 178 per 100,000 to 154 per 100,000, where the 

incidence in African American was almost unchanged [36]. 
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2.2 Left Ventricular Hypertrophy (LVH) 

 

       Left ventricular hypertrophy (LVH) is associated with increased risk of adverse 

cardiovascular outcomes including stroke, angina, myocardial infarction (MI), congestive 

heart failure, and coronary heart disease and cardiovascular deaths [19-21].  LVH can be 

classified into concentric LVH and eccentric LVH in terms of morphology. Concentric 

LVH is characterized as an increase of left ventricular wall thickness, while eccentric 

LVH is characterized as an increase of cavity size [37, 38]. The development of LVH is 

caused by different combination of blood volume and pressure overload.  Although both 

type of LVH is mainly caused by pressure overload, concentric LVH reflect a nearly pure 

pressure overload associated with poorer prognosis [39].  

        LVH is initially a compensatory process against abnormal circulation load. Hence, 

the association between LVH and cardiovascular disease (CVD) had been considered as 

the effect of hypertension; However, LVH can itself contribute to increased rate of 

cardiovascular events through its effects on ventricular function, coronary circulation and 

arrhythmogenesis [40]. Recent epidemiologic evidences support that LVH actually 

independent from hypertension as a risk factor of CVD [41]. Among subjects without 

hypertension, LVH was still associated with increased mortality rate of coronary heart 

disease [19]. Besides, LVH may precede the incidence of hypertension and increase risk 

of hypertension among normotensive adults instead [42].   
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CHAPTER 3: HEMOGLOBIN CONCENTRATION 

 

3.1 Anemia Definition  

 

       There is substantial variation of anemia definition. Most studies use hemoglobin 

concentration or hematocrit levels to define anemia, and there is no consensus about what 

cutoff point should be used. The most commonly used definition of anemia was defined 

by World Health Organization in 1968 as a hemoglobin concentration of less than 13g/dl 

in men, and less than 12g/dl in women. This definition is based on statistical distribution 

(lowest 5
th

 percentile) of random survey of general population without detectable 

underlying disease [43]. However, there are several shortcomings in this definition: first of 

all, the definition only considered nutritional deficiency anemia, which known as only 

accounting for about 1/3 of total anemia in elderly population [15]; Furthermore, WHO 

definition was derived from small reference samples of population aged from 15 to 64 

year, so the criteria might not be the same appropriate for older persons. A report from the 

Women’s Health and Aging Study (WHAS) showed the WHO definition for anemia may 

be too low for women aged 65 years and older: a significant increase of mortality was 

observed when hemoglobin level fell below 13.4 g/dl [44]. Since anemia is a common 

comorbidity with a lot of chronic disease including diabetes, cancer and chronic kidney 

disease, the definition based on normal population might not accurately describe the 

association between anemia and chronic diseases.  

       A reasonable assumption is that aging and disease are each continuously related to 

hemoglobin level, and that these relationships vary at least by gender and ethnicity. In 
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ideal situations, the definition of anemia is determined by the true association between 

hemoglobin levels and the studied disease, after considering the characteristics of studied 

population including age, gender and race/ethnicity. A flexible definition, with cutoff 

values that varies by gender, age, ethnicity, even disease, might be likely to fit that 

requirement.  However, it is not always an easy decision if the biological and statistical 

evidence from previous studies were limited or inconsistent. In clinical practice, a simple 

and unique definition is preferred.  Since the WHO definition has been widely used in 

clinical practice and epidemiological studies, in this study we decided to use the same 

definition of anemia for consideration of comparing our findings with publication. 

Besides, we also used a continuous hemoglobin concentration variable to explore its 

association pattern with CVD.  

3.2 Epidemiology of Anemia 

 

       Anemia is common in elderly, and multiple studies have estimated its prevalence 

among different populations. However, the published prevalence varied considerably from 

2.9% to 61% in men and 3.3% to 41% in women [45]. The variability is related to a lot of 

factors, including different study design, populations studied, sample size and even 

definition of anemia used. Regardless the great variability, it is clear trend that the 

prevalence of anemia increases with advancing age. The association between age and 

anemia is evident across gender, race/ethnicity and population, and the highest prevalence 

of anemia has been reported to occur after the age of 85 years in most studies [45].  

      The Third National Health and Nutrition Examination Survey (NHANES III) provided 

a comprehensive database for estimating age and race specific prevalence of anemia in the 
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total US population. The NHANES III represented a nationwide random sample of 

community-dwelling persons, and collected hemoglobin concentrations from 26,372 

persons, including 4,199 persons 65 years and older from 1988 to 1994. The survey result 

showed that in the population 65 years and older, the overall prevalence of anemia was 

10.6% according to WHO criteria. And specifically, 11.0% of men and 10.2% of women 

were anemic. Anemia prevalence increased progressively with age in both genders. The 

prevalence in women doubled from 10% among 75 to 84 years old group to 20% among ≥ 

85 year old group, and prevalence in men rise even more rapidly with advancing age. The 

NHANES III also showed substantial difference in prevalence of anemia according to 

race/ethnicity.  The highest prevalence of anemia in persons over age was found in non-

Hispanic black (27.8%), which was almost 2 times higher than prevalence in non-Hispanic 

White (9.0%) and Mexican American (10.4%) [15]. The high prevalence of anemia in 

older African American might be partially explained by comorbidity since chronic 

inflammatory disorders such as chronic kidney disease, which has also documented to be 

increased among African Americans [46].  

      Anemia in the elderly arises from a number of causes. Generally the causes have been 

classified as three major categories: nutritional deficiency anemia, anemia of chronic 

inflammation (sometimes referred as anemia of chronic disease) and unexplained anemia 

[15, 47]. Due to different study design or population, the proportion of each component 

might be a little different [48, 49]. The result from NHANES III presented that each 

category accounts for about one third of anemic cases [15]. Nutritional deficiency is one 

of common cause of anemia. It includes iron, folate or vitamin B12 deficiency, and half of 
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nutritional deficiency anemia is attributable to iron deficiency. Chronic inflammation is 

another major cause of anemia in the elderly. Anemia of chronic inflammation is 

associated to inflammatory condition including acute infections, chronic infections, 

chronic inflammatory diseases and malignancy. The severity of this type anemia is 

generally correlated with the severity of chronic diseases: the more severe of chronic 

diseases, the lower of hemoglobin concentration. However, anemia of chronic 

inflammation is usually mild, and hemoglobin concentration is rarely lower than 10 g/dl 

[47, 50, 51]. Besides nutritional deficiency and chronic inflammation, unexplained anemia 

comprises for last one third of total cases. The unidentified nature might be due to that 

patients had not received an inadequate diagnostic work-up. More focus examination and 

laboratory evaluation might be able to uncover the specific cause including B12 

deficiency, thalassemia minor, hereditary spherocytosis, autoimmune hemolytic anemia, 

multiple myeloma, and hypothyroidism [15, 52]. 

3.3 Extremely High hemoglobin concentration 

 

       Compared to anemia, much less attention has been given to hemoglobin concentration 

higher than normal range. Until now, there is no a clear name on it. For convenience, we 

decided to call it as extremely high hemoglobin concentration (EHH) in this study.  EHH 

might be also correlated with adverse health outcomes. Several studies showed that the 

association between hemoglobin concentration and mortality rate might be a J or U-

shaped: not only low hemoglobin level (anemia), but also EHH might be related to a 

higher mortality [44, 53-55].  
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        EHH is either caused by increase of hemoglobin or decrease of plasma volume. 

Impairment of blood oxygenation caused by respiratory and cyanotic cardiac changes is 

the principal pathologic reason for elevated hemoglobin concentration [56]. Although 

there has no a clear definition of EHH, previous studies suggested adverse health 

outcomes were associated with elevated hemoglobin higher than 14.7 - 17 g/dl [44, 56].   
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CHAPTER 4: RELATIONSHIP OF HEMOGLOBIN CONCENTRATION 

WITH CVD 

 

       The association between hemoglobin concentration and CVD has not been fully 

understood. The current evidence suggests that the relationship can be bi-directional. CVD 

can cause anemia through impaired renal function, cardio renal anemia syndrome, 

deleterious effects of cytokines on erythropoietin production, bone marrow, and iron 

absorption and release.  

      On the other hand, anemia may further deteriorate the cardiac and renal function, and 

is a predictor of the poorer outcomes and higher mortality [57-59]. More importantly, 

anemia may be also involved with the development of cardiovascular events [60]. To 

compensate for the decrease of hemoglobin concentration, the body responds by 

increasing erythropoietin production to stimulate erythropoiesis, and increasing oxygen 

extraction from the blood. Varat (1972) pointed out that at resting condition tissue hypoxia 

can be compensated almost entirely if hemoglobin is not less than 10 g/dl [61, 62]. 

However, to maintain an adequate oxygen supply, the most important mechanism is 

hemodynamic change of blood, characterized as an increase in cardiac output. The 

increase of cardiac output is a combined consequence of the reduction in afterload and an 

increase of preload. With the reduction of erythrocytes and hematocrit from chronic 

anemia, the blood viscosity becomes slower. Arterial dilatation, the increase in arteriolar 

diameter and formation of collaterals and arteriovenous shunts, occurs for responding to 

the increased blood flow and hypoxia-generated metabolites. Both reduction of blood 

viscosity and arterial dilation can cause a decrease in vascular resistance, which induces 

directly the increase of venous return, leads to increased cardiac output accompanied by 
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increased preload and decreased afterload [61, 62]. In the long term, anemia can contribute 

to the development of left ventricular hypertrophy (LVH), which has been documented to 

be associated with increased risk of adverse cardiovascular outcomes including stroke, 

angina, myocardial infarction (MI), congestive heart failure, and coronary heart disease 

and cardiovascular deaths [19-22]. This possible pathophysiology mechanism for the 

effect of hemoglobin on cardiac function is summarized in figure 1 [62].   

      Although its effect has not yet gotten much attention, extremely high hemoglobin 

concentration can also influence the development of CVD events through changes of 

blood viscosity. High hemoglobin concentrations usually indicate an increase of red blood 

cell in blood volume. It results in an increased viscosity, which increases peripheral 

resistance and diminishes cardiac output, and causes the reduction of blood flow and 

prefusion in consequence. Besides, elevated hematocrit levels caused by high hemoglobin 

can lead to atherogenesis through aggregation of erythrocytes and platelets [54]. All of 

these changes can contribute to an increased risk of CVD events [63-65].  

         For better understanding, a causal diagram is used to explain the potential causal 

effect between hemoglobin and CVD (Figure 2). 
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Figure 1: Schematic Representation of Hemodynamic Adjustment to Anemia 
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Figure 2: Causal Diagram of Hemoglobin Concentration, LVH and CVD 
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CHAPTER 5: WOMEN’S HEALTH INITIATIVE STUDY 

 
 

      The Women’s Health Initiative (WHI) is a long-term national health study that 

investigates the major causes of death and disability including heart disease, breast and 

colorectal cancer, and osteoporotic fractures in postmenopausal women [66]. From 1993 

to 1998, the WHI recruited 161,808 postmenopausal women aged 50-79 years across the 

United States. The WHI participants were screened and assigned into three Clinical Trials 

(CTs): the Hormone Therapy Trials (HT) which examines the benefits and risks of 

hormone therapy on coronary heart disease, osteoporotic fractures, and breast cancer; the 

Dietary Modification Trial (DM) which assesses the effects of a low fat diet on prevention 

of breast and colorectal cancers and coronary heart disease; and the Calcium and Vitamin 

D trail (CaD) which evaluates the effects of calcium and vitamin D supplements in 

preventing osteoporosis and colon cancer.  Women ineligible or unwilling to take part in 

the CT were assigned to an Observational Study (OS) which examined the relationship 

between lifestyle, health and risk factors and specific disease outcomes. 

      The WHI includes 40 clinical centers located throughout the United States. 10 of them 

were designated as minority recruitment centers to enhance recruitment of women from 

African American, Hispanic American, Native American and Asian /Pacific Islander 

women. The general criteria for inclusion includes being postmenopausal aged 50-79 

years, being able and willing to provide written informed consent, and having intended to 

remain in the study area for at least 3 years. Women were excluded from WHI if they had 

any medical condition with predicted survival of less than 3 years, or if they had 

conditions that could affect their adherence and retention (alcohol, drug dependency, 
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mental illness, dementia), or if they were actively participating in other clinical trials [67]. 

The inclusion and exclusion criteria differed slightly for each sub-study as summarized in 

tables 1 and 2. 

5.1: WHI Data Collection and Follow-up 

 

       Demographic characteristics, family history, reproductive history, medical history, 

nutrient intake, personal habits, health status and medication usage were collected by self-

administrated or interviewer-administrated questionnaires at the time of enrollment. 

Clinical measures such as anthropometrics, blood pressure, fasting blood sample, 

functional status, and result from gynecologic exams were also conducted by trained WHI 

clinical staff using standard procedures.  

       Women were followed up from the enrollment until death, loss to follow-up, or 

requested for no further contact, or until the trial’s planned completion date, regardless of 

their adherence to the study intervention. During up to 15 years of follow-up, women were 

sent the questionnaires every year for OS participants and every 6 months for CT 

participants to update their medical and other lifestyle information related to diet, 

supplementation, physical activity, hormone use, hospitalization, co-morbidity, smoking 

and alcohol consumption. Health outcome was initiatively obtained by self-report. For 

primary outcomes such as CVD, cancer and fracture, additional documentation is obtained 

from local health providers and a clinic physician to verify and classify the event.  

       Data collection was guided by a standardized written protocol. Quality assurance was 

performed at the local clinical centers as well as WHI Clinical Coordinating Center 

(CCC). The quality assurance activities included extensive documentation of procedures; 
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training and certification of staff; routine quality assurance visits conducted by CCC (all 

clinical centers received an initial and 1-year visit while subsequent visits are done 

approximately every other year, or more frequently as needed); and, database reports for 

pertinent committees and each clinical center describing the completeness, timeliness, and 

reliability of tasks at the clinical centers. The performance of each clinical center was 

monitored by the WHI CCC at least every 6 month and reviewed periodically the WHI 

Performance Monitoring Committee. The detail description of data collection frequency 

and relevant contents can be found in Appendix Table 21.  

       The primary outcomes of the WHI study include coronary heart disease, osteoporotic 

fractures, breast cancer and colorectal cancer. Primary and secondary outcomes for each 

sub-study were presented in table 3[68]. 

       The processing of CVD outcomes follows the established WHI procedures for 

ascertainment and adjudication of outcomes [68]. After self-reported events were 

collected, medical records were required from the admitting hospital, and reviewed by 

certificated adjudicators at each clinical center who were blinded to treatment and 

symptoms related to study medication. Key CVD events including hospitalized MI, 

angina, CHF, stroke, and non-hospitalized coronary revascularization or coronary death 

were submitted to the WHI CCC for central adjudication. Final adjudication of those CVD 

events was performed centrally by comparably blinded WHI physician adjudicators, 

cardiologist or neurologists. Centrally adjudicated results were reported, with locally 

adjudicated events included when central adjudication was not available.  
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5.2: Baseline Demographics of WHI 

 

     In the total of 161,808 postmenopausal women, the average baseline age (mean ± SD) 

of the participants was 63.2 ± 7.2 years. The age distribution was 33.1% in age group 50-

59, 44.9% in age group 60-69, and 22% in age group 70-79. Approximately 82.7% were 

non-Hispanic white, 9.1% were African American, 4% were Hispanic, 0.4% were Native 

American, 2.6% were Asian/Pacific Islander, and 1.1% were other race and ethnicity. 

Participants reported their general health status with 17%, 40.8%, 33% in the excellent, 

very good, and good categories, and with 8.4%, 0.8% in fair and poor categories. Selected 

baseline characteristics of participants for each sub-study were displayed in table 4.    

 

5.3: Defining CVD within the WHI 

 

          The diagnosis criteria of CVD events were derived from a constellation of signs, 

symptoms, and objective evidence such as electrocardiogram readings and cardiac 

enzyme/troponin measurements. CVD events included CHD and ischemic and 

hemorrhagic stroke. CHD was defined as acute myocardial infarction (MI) requiring 

overnight hospitalization, CHD death, coronary revasculazation or silent MI determined 

from serial ECGs. The diagnosis of acute MI was documented according to an algorithm 

that included cardiac pain, enzyme levels, and ECG readings. Silent MI was diagnosed by 

comparing baseline and follow-up ECGs at 3, and 6 years. CHD death was defined as 

death consistent with CHD as the underlying cause plus one or more of the following 

factors: hospitalization for myocardial infarction within 28 days before death, previous 

angina or MI, death resulting from a procedure related to CHD; or death certificate 
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consistent with CHD as the underlying cause. Stroke diagnosis was based on the rapid 

onset of a neurologic deficit lasting more than 24 hours or until death, requiring 

hospitalization and supported by imaging studies when available. Coronary 

revascularization procedures were validated by medical record review. The criteria for the 

classification of myocardial infarction and other cardiovascular disease were shown in 

table 5-7.  
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Table 1: Inclusion Criteria of the Women's Health Initiative 

Component Inclusion Criteria 

Clinical trial and 50-79 years of age 

   observational study Postmenopausal  

     If age≥55, no menstrual period for at least 6 months 

     If age 50-54, no menstrual period for at least 12 months 

 Ability and willingness to provide written informed consent 

 Intention to reside in area for at least 3 years 
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Table 2: Exclusion Criteria of the Women's Health Initiative 

Component Exclusion criteria 

Clinical trial and  Competing risk: 

   observational study o Any medical condition with predicted survival of <3 years 

  Adherence or retention reasons: 

 

 

 

 

 

Clinical trial  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dietary modification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hormone therapy 

 

o Alcohol or drug dependency 

o Mental Illness, including severe depression 

o Dementia 

o Active participation in other randomized intervention trial 

 

 Competing risk: 

o Any invasive cancer in previous 10 years 

o Breast Cancer at any time 

o Mammogram or CBE findings supicious of break cancer 

o MI in previous 6 months 

o Stroke or TIA in past 6 months 

o Chronic hepatitis or severe cirrhosis 

 Safety reasons: 

o Severe hypertension (systolic BP >200 mmHG or diastolic 

BP>105mmHg 

o Severely underweight (BMI<18 kg/m2) 

o Hematocrit <32% 

o Platelets <75,000 cells/ml 

o Current use of oral daily corticosteroids 

 

 Adherence or retention reasons: 

o Unwilling to participate in baseline or follow-up 

examination components 

 Adherence or Retention Reasons: 

o Special dietary requirements incompatible with the 

intervention (ex celiac sprue) 

o On a diabetic or low salt diet 

o Gastrointenstional conditions contraindicating a high fiber 

diet 

o Type 1 diabetes 

o Olorectal cancer at any time 

o Routinely eat ≥10 meals per week prepared out of the 

home 

o Unable to keep a 4-day food record 

o FFQ percent calories from fat <32% 

o FFQ energy intakes <600 or >5000 kcal 

o Previous bilateral prophylactic mastectomy 
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Calcium and vitamin 

 

 

 

 

 Safety reasons: 

o Endometrial cancer at any time 

o Endometrial hyperplasia 

o Malignant melanoma at any time 

o History of pulmonary embolism or deep vein thrombosis 

o Previous osteoporosis-related fracture being treated with 

hormones 

o History of bleeding disorder requiring transfusion 

o History of hypertriglyceridemia 

o Currently take anticoagulants 

o Current on tamoxifen 

o Abnormalities in baseline pap smear, pelvic exam, or 

pelvic ultrasound 

 Adherence or retention reasons: 

o Severe menopausal symptoms that would make placebo 

treatment intolerable 

o Inadequate adherence to placebo run-in 

o Unable or unwilling to discontinue use of PHT or 

testosterone 

o Refusal to have baseline endometrial aspiration 

 

 Safety reasons: 

o History of renal calculi or hypercalcemia 

o Current use of oral corticosteroids or calcitriol 

o Intention to continue taking ≥600 IUs of vitamin D per 

day 

BMI: body mass index; BP-Blood pressure; CBE: Clinical breast exam; FFQ: Food 

frequency questionnaire; TIA: Transient ischemic attack; IU: International unit 
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Table 3: Outcomes for Each Arm of the WHI clinical Trails and Observational Study 

 HT DM CaD OS 

Cardiovascular     

     Coronary heart disease  1° 2° x x 

     Stroke 2° 2° x x 

     Congestive heart failure 2° 2° x x 

     Angina 2° 2° x x 

     Peripheral vascular disease  2° 2° x X 

     Coronary revascularization  2° 2° x X 

     Venous thromboembolic disease      

          Pulmonary embolism 2° X x X 

          Deep vein thrombosis 2° X x X 

    Total cardiovascular 2° 2° x X 

Cancer     

     Breast 2° 1° 2° X 

     Colorectal x 1° 2° X 

     Endometrial 2° 2° x X 

     Ovarian 2° 2° x X 

     Total cancers 2° 2° 2° X 

Fractures     

     Hip 2° X 1° X 

     Other fractures 2° X 2° X 

     Total fractures  2° X 2° X 

Other      

     Diabetes mellitus requiring therapy  x 2° X X 

     Death from any cause  2° 2° 2° X 

Fractures     

“1°” indicates primary outcome; “2°” secondary or safety outcomes; “x” ascertained. 

OS: Observational Study; HT: Hormone Therapy; DM: Dietary Modification; CaD: 

Calcium and Vitamin D 
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Table 4: Selective Baseline Characteristics of Participants in Women's Health Initiative 

 OS 

(n= 93,676 ) 
HT 

(n= 27,347 ) 
DM 

(n= 48,835 ) 
CaD 

(n= 36,282 ) 
Total 

(n= 161,808) 

Age 63.6 ± 7.4 63.4 ± 7.2 62.3 ± 6.9 62.4  ± 6.9 63.2 ± 7.2 

Height (cm) 161.7 ±  6.8 161.5 ±  6.5 162.1 ± 6.5 162.0 ± 6.5 161.8 ± 6.7 

Weight 71.7 ± 16.9 76.2  ± 17.0 76.7 ± 16.6 76.4  ± 16.5 73.5 ± 16.9 

Race/Ethnicity      

  Non-Hispanic White 78016 (83.5%) 22030 (80.7%) 39762 (81.6%) 30155 (83.3%) 133541(82.7%) 

  African American   7635 (8.2%)   2738 (10.0%)   5262 (10.8%)   3315 (9.2%) 14618 (9.1%)  

  Hispanic   3609 (3.9%)   1537 (5.6%)   1845 (3.8%)   1502 (4.1%)   6484 (4.0%)  

  Native American     421 (0.5%)     130 (0.5%)     202 (0.4%)     149 (0.4%)     713 (0.4%) 

  Asian/Pacific Islander    2671 (3.3%)     527 (1.9%)   1105 (2.3%)     721 (2.0%) 4190 (2.6%) 

  Other     1059 (1.1%)     325 (1.2%)     560 (1.1%)     374 (1.0%)     1849 (1.1%) 

General Health      

   Excellent 16576 (17.8%)   4314 (15.9%)   7614 (15.7%)   6274 (17.4%) 27388 (17.0%) 

   Very good 37684 (40.5%) 11196 (41.2%) 19969 (41.1%) 15481 (42.9%) 65636 (40.8%) 

   Good 29669 (31.9%)   9234 (34.0%) 17080 (35.2%) 11941 (33.1%) 53042 (33.0%) 

   Fair   8210 (8.9%)   2259   (8.3%)   3675   (7.6%)   2271   (6.3%) 13462   (8.4%) 

   Poor     882 (1.0%)     155   (0.6%)     240   (0.5%)     125   (0.3%)   1232   (0.8%) 

OS: Observational Study; HT: Hormone Therapy; DM: Dietary Modification; CaD: 

Calcium and Vitamin D 
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Table 5: Criteria for the Classification of Myocardial Infarction 

ECG Pattern/Symptoms 

Cardiac Enzymes/Troponin 

Abnormal  Equivocal  Incomplete  Normal 

Cardiac pain present     

   Evolving Q wave and evolving ST-T abnormalities  Definite  Definite  Definite  Definite 

   Equivocal Q wave evolution; or evolving ST-T 

abnormalities, or  new left bundle branch block  

Definite  Definite  Probable  No MI 

   Q waves or ST-T abnormalities suggestive of an MI 

and not classified above  

Definite  Probable  No MI  No MI 

   Other ECG, ECG absent or uncodable  Definite No MI No MI No MI  

Cardiac Pain absent     

   Evolving Q wave and evolving ST-T abnormalities  Definite  Definite  Definite  Probable 

   Equivocal Q wave evolution; or evolving ST-T 

abnormalities; or new left bundle branch block  

Definite  Probable  No MI No MI 

   Q waves or ST-T abnormalities suggestive of an MI 

and not classified above  

Probable No MI No MI No MI 

   Other ECG, ECG absent or uncodable  No MI No MI No MI No MI 
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Table 6: The WHI Criteria for Angina, Congestive Heart Failure, Stroke, Peripheral 

Vascular Disease, Deep Venous Thrombosis, and Pulmonary Embolism 

WHI outcome Defining criteria 

Coronary heart disease Symptoms consistent with coronary heart disease, plus: 

relevant changes in cardiac enzyme/troponin determination 

and electrocardiogram readings if available. 

Stroke Rapid onset of a persistent neurologic deficit attributed to an 

obstruction or rupture of the brain arterial system, lasting 

more than 24 hours and without evidence for other cause. 

Congestive heart failure Symptoms and signs consistent with congestive heart failure, 

plus: pulmonary edema by chest X-ray; or dilated ventricle or 

poor ventricular function by imaging studies; or physician 

diagnosis of congestive heart failure and receiving medical 

treatment. 

Angina pectoris Symptoms consistent with angina plus: revascularization 

procedure; or ≥ 70% obstruction of any coronary artery; or 

ST-segment depression ≥ 1 mm on stress testing or on resting 

ECG with pain; or positive scintigraphic or echocardiographic 

stress test; or angina diagnosed by physician and receiving 

medical treatment for angina. 

Peripheral vascular 

disease 

Disease that is symptomatic and/or requiring intervention, and 

located in the abdominal aorta, iliac arteries, or lower 

extremities. 

Coronary 

revascularization 

Documented coronary artery bypass graft (CABG) surgery or 

percutaneous transluminal coronary angioplasty (PTCA) or 

coronary stent or artherectomy 

Deep venous thrombosis Physician diagnosis of deep vein thrombosis of the lower 

extremity and positive findings on a diagnostic test. 

Pulmonary embolism Physician diagnosis of pulmonary embolism and positive 

findings on a diagnostic test. 
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Table 7: Algorithm to Classify Cardiac Enzymes [69] 

 There is no known 

cardiac surgery or 

muscle trauma 

Muscle trauma 

or cardiac 

surgery exists 

CK-MB ≥ 2 x upper limit of normal or 

“present” 

Positive Normal 

CK-MB ≥ 10% total CK, if no upper limit 

given 

Positive Normal 

Total CK ≥ 2x upper limit of normal and  

     LDH ≥ 2x upper limit of normal 

Positive Normal 

LDH1/LDH2 > 1 Positive Normal 

LDH1 ≥ 2x upper limit of normal if LDH2 is 

missing 

Positive Normal 

Total CK ≥ 2x upper limit of normal or 

    LDH ≥ 2x upper limit of normal 

Equivocal Normal 

Normal < total CK < 2 x upper limit of normal 

and 

    normal < LDH < 2x upper limit of normal 

Equivocal Normal 

5% total CK < CK-MB < 9% total CK or 

    “weakly present” 

Equivocal Normal 

Normal < CK-MB < 2x upper limit of normal Equivocal Normal 

Normal < LDHI < 2x upper limit of normal Equivocal Normal 

Data present, but insufficient to make at least 

    one of the above tests 

Incomplete Incomplete 

All other results Normal Normal 

CK: Creatine Kinase; LDH: Lactate Dehydrogenase. 
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CHAPTER 6: THE ASSOCIATION BETWEEN HEMOLGOBIN 

CONCENTRATION AND SUBSEQUENT INCIDENCE OF CVD 

 

Introduction 

 

       As the leading cause of death in the United States, cardiovascular disease (CVD) is a 

major public health problem in aging populations. CVD can lead to hospitalization, 

disability, mortality and decreased quality of life. It is estimated that approximately 82.6 

million people in the United States suffer from CVD, with about 1,255,000 incident heart 

attacks and 795,000 incident strokes occurring each year [1]. The economic burden of 

CVD is enormous. The total cost of CVD in the United States was estimated to be around 

$286 billion in 2007[2], and was projected to reach to $818 billion in 2030 as the 

population ages [3].  

       There are a number of risk factors associated with development of CVD, including 

tobacco use, elevated blood pressure, high LDL cholesterol, low HDL cholesterol, obesity 

and overweight, physical inactivity, and diabetes mellitus [4-14]. In recent years, 

hemoglobin concentration has been proposed as an unconventional risk factor for CVD, 

although its effect is not fully understood. Theoretically, low hemoglobin concentration 

can induce a decrease in blood viscosity, which may increase venous return, and then 

leads to increased cardiac output accompanied by increased preload and decreased 

afterload. Over time this can contribute to the development of left ventricular hypertrophy 

(LVH). On the other hand, elevated hemoglobin concentration can also cause LVH 

through increase of blood flow and peripheral resistance. It has been well demonstrated 

that LVH is associated with increased risk of adverse cardiovascular outcomes including 
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stroke, angina, myocardial infarction (MI), congestive heart failure, and coronary heart 

disease and cardiovascular deaths [19-22].  

       In the current study, we hypothesized that abnormal hemoglobin concentration (both 

low and high hemoglobin) is associated with an increased risk of incident CVD events. 

We examined the association of hemoglobin concentrations and subsequent CVD events 

over 10 years using the Women’s Health Initiative Study (WHI) cohort of multi-ethnic 

postmenopausal women.  

Materials and Methods 

Study Population 

 

        The study participants were members of the Women’s Health Initiative (WHI) study. 

Detailed descriptions of the WHI study have been published elsewhere [66, 68, 70]. In 

brief, WHI is a large perspective cohort study investigating the major causes of death and 

disability in postmenopausal women, including CVD. From 1993 to 1998, a total of 

161,808 postmenopausal women aged 50-79 years were enrolled at 40 US clinical centers. 

The WHI participants were screened and assigned into a set of randomized Clinical Trials 

(CT) to test the effects of hormone therapy, diet modification, and calcium and vitamin D 

supplements on heart disease, osteoporosis fractures, and breast and colorectal cancer. 

Women ineligible or unwilling to take part in the CT were assigned to an Observational 

Study (OS) which examined the relationship between lifestyle, health and risk factors and 

specific disease outcomes. 

        The general criteria for inclusion included being postmenopausal aged 50-79 years, 

being able and willing to provide written informed consent, and having intended to remain 
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in the study area for at least 3 years. Women were excluded from WHI if they had any 

medical condition with predicted survival of less than 3 years, or if they had conditions 

that could affect the adherence and retention (alcohol and/or drug dependency, mental 

illness, or dementia), or if they were actively participating in other clinical trials.        

        The entire WHI cohort was used in this study to assess the association between 

hemoglobin concentration and development of CVD. Women were specifically excluded 

if they had prior CVD at the enrollment or missing hemoglobin value at baseline, leaving 

123,465 participants (72,417 from the OS and 51,048 from the CTs) for the current study. 

Of those women, 101,694 (82.6%) were non-Hispanic white, 10,900 (8.9%) were black, 

5,070(4.1%) were Hispanic, 3,562(2.9%) were Asian or Pacific Islander, 498(4.9%) were 

Native American, and 1,411(1.2%) women did not report their ethnicity.   

Assessment of Hemoglobin Concentration 

 

        Blood samples were drawn from all participants at the time of enrollment, and 

additional samples were collected in the OS cohort at year 3. At each time, participants 

were asked to fast for at least 12 hours, refrain from smoking for at least one hour before 

blood draw, and avoid performing of vigorous physical activity for at least 8 hours before 

the blood draw. Blood cell counts, hematocrit, and hemoglobin concentration were 

measured by the WHI certificated clinical labs near each clinical center.  

      In the current analysis, hemoglobin concentration was coded as a continuous and a 

categorical variable. Two categorical variables were generated for different analysis. For 

descriptive analysis, 3 categories were classified: normal (12g/dl ≤ hemoglobin ≤15g/dl), 

anemia (hemoglobin < 12g/dl) and extremely high hemoglobin (EHH) (hemoglobin 
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>15g/dl). Anemia was defined according to the widely used WHO criteria [71]. EHH was 

arbitrarily defined after considering the findings on association between  hemoglobin 

concentrations and all-cause mortality in chronic heart failure patients [17, 44, 53-55]. For 

modeling analyses, more categories of low hemoglobin concentrations were classified to 

address the severity of anemia: mild (11g/dl ≤ hemoglobin <12g/dl), moderate (10.5g/dl ≤ 

hemoglobin <11g/dl), and severe (hemoglobin<10.5g/dl). Chronic anemia was defined in 

the OS cohort as hemoglobin concentration was lower than 12g/dl at both baseline and 

year 3.  

CVD Ascertainment 

 

      CVD outcomes were collected using mailed out follow-up questionnaire. CT 

participants reported their health status every 6 month and OS participants reported every 

year. For CT participants, additional electrocardiograms (ECGs) were recorded at baseline 

and every 3 years during follow up. 

      The processing of CVD outcomes followed the established WHI procedures for 

ascertainment and adjudication of outcomes. Following self-reported events, medical 

records were required from the admitting hospital, and reviewed by certificated 

adjudicators at each clinical center. Key CVD events, including hospitalized MI, angina, 

CHF, stroke, and non-hospitalized coronary revascularization or coronary death, were also 

reported to the WHI Clinical Coordination Center (CCC) for central adjudication by WHI 

physician adjudicators, cardiologist or neurologists in a blind manner. When central 

adjudication was not available, locally adjudicated events were included.  
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      In this study, a  CVD event was defined as clinical myocardial infraction (MI) or 

definite silent MI, coronary revascularization, angina, congestive heart failure, stroke, 

carotid revascularization, percutaneous transluminal coronary angioplasty, coronary artery 

bypass graft, stroke, transient ischemic attack, carotid artery disease, peripheral arterial 

disease, and death due to CVD. Coronary heart disease (CHD) was defined as clinical MI, 

definite silent MI, coronary death, and coronary revasculazation. Cerebrovascular disease 

was defined as having stroke or transient ischemic attack.  

Assessment of Covariates 

 

      Variables associated with hemoglobin concentration and/or CVD events were 

considered as possible covariate including: age, race/ethnicity, education, income, study 

intervention, height, weight, waist and hip circumference, smoking, alcohol drinking, 

physical activity, health status, year since menopause, hospitalizations, blood pressure, 

history of high blood pressure, history of high cholesterol, diabetes, COPD, family history 

of CVD,  nutrient intake (iron, vitamin B6, vitamin B12, folic acid), serum creatinine, 

serum C-reactive protein (CRP), serum cholesterol, serum insulin, serum triglyceride, 

serum high density lipoproteins cholesterol (HDLC), serum low density lipoproteins 

cholesterol (LDLC),  and use of certain medications (anti-hypertensive, lipid-lowering, 

aspirin, anti-diabetes, hematopoietic growth medication). Of them, serum HDLC, LDLC, 

insulin, triglyceride were measured in 13,312 multi-ethnic women. Creatinine and CRP 

were only measured in 6,412 African American and 2,920 Hispanic women.     

      All above covariates were assessed at baseline. Demographics information, family 

history, medical history, nutrient intake, physical activity, health status, and medication 
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use were collected by self-administrated or interviewer-administrated questionnaires at the 

time of the enrollment. Height, weight, waist and hip circumference, blood pressure and 

serum biomarkers were measured using standardized procedures by WHI clinical staff.   

Statistical Analysis 

 

       Descriptive statistics for baseline characteristics was presented by 3 hemoglobin 

groups: normal hemoglobin, anemia, and EHH. Comparisons by hemoglobin groups were 

made using ANOVA tests for continuous variables and chi-squared test for categorical 

variables.  

       Any adjudicated CVD event occurred before Aug 14, 2009 was included in the 

current analysis. That gave an average of 10.8 years and a maximum of 15.5 years of 

follow-up. For those participants who had multiple CVD events, only the first event was 

counted in the analysis. Age-standardized incidence rates were calculated for CVD using 

direct standardization to the entire WHI cohort, and stratified on baseline age in 10-year 

categories and on WHI component (CT or OS).  Same calculation was also conducted for 

CHD and cerebrovascular disease.  .    

       Time to CVD event was defined as the time from enrollment to CVD event or death 

due to CVD (if CVD event date was unknown). Participants who didn’t experience CVD 

events during the study were censored at the date of last contact (alive) or date of death 

(death from other causes). The same method was used to define time to CHD event and 

time to cerebrovascular disease events. Cox proportional hazards models were used to 

estimate the unadjusted and adjusted hazard ratios (HRs) and 95% confidence intervals 

(95% CIs) for hemoglobin groups. To control the confounding effects, the covariates 
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listed above were examined and controlled for when it is applicable. A covariate was 

considered as a confounder if it caused at least 10 percent change in HRs of CVD 

associated with hemoglobin concentration between Cox proportional hazards models with 

and without the covariate. Interactions between hemoglobin groups with age, ethnicity, 

and other traditional CVD risk factors (tobacco use, elevated blood pressure, history of 

high cholesterol, obesity and overweight, physical inactivity, and diabetes mellitus) were 

tested by including product terms in the multivariable Cox models. Interaction term of age 

with hemoglobin concentration was statistically significant in the Cox model assessing an 

association between hemoglobin and CVD risk, which infers that that association was 

modified by age, so all Cox models were stratified by 10-year age groups. A sequential 

strategy was applied in the modeling process. First, the unadjusted HRs for hemoglobin 

groups was estimated using a univariate Cox proportional hazards model, which included 

only hemoglobin group variable as predictor (Model 1). Second, a well-established risk 

factor for CVD event, ethnicity, was introduced to the model besides hemoglobin groups 

via a multivariable Cox model to estimate the adjusted HRs for hemoglobin groups 

(Model 2). Meanwhile, age was also included as a continuous variable to further adjusting 

its effect within age group. Third, available potential confounding variables defined in the 

covariates section were added to Model 2 individually to evaluate how the CVD HRs for 

hemoglobin groups would change by each of them (Model 3). Finally, a full Cox model 

was fit by including all confounding variables identified in Model 3 as independent 

variables (Model 4). Proportional hazards assumption was tested using the Schoenfeld 

residual method and the assumption was met in all models.  



53 
 

 
 

        Even though a categorical hemoglobin variable was more commonly used in clinical 

practice, the specific association pattern between hemoglobin concentrations and CVD 

risks was explored in a univariate Cox proportional hazards model by including a 

continuous variable of hemoglobin concentration and its quadratic and cubic terms as the 

predictors. The hazard ratios were estimated from the model and plotted by hemoglobin 

concentrations.   

         In the Cox proportional hazards models, censored participants were assumed to still 

have chance to develop CVD events after censoring, which cannot be hold for those who 

died from other causes. For this reason, we used competing risk cumulative incidence 

subdistribution models as sensitivity analysis [72], in which deaths due to causes other 

than CVD were treated as competing risks (eliminating the chance of developing CVD 

after it occurs) rather than censoring.  Another sensitivity analysis was conducted in the 

OS cohort in which chronic anemia could be estimated based on hemoglobin measurement 

at both baseline and year 3. Sensitivity analyses were also conducted in the participants 

who had serum HDLC, LDLC, insulin, triglyceride, or creatinine and CRP to see whether 

these serum biomarkers affect the association between hemoglobin concentrations and 

CVD risk.    

         All tests were 2-sided, and P<0.05 was considered statistically significant. All 

analyses were performed in STATA version11 (Statacorp, College Station, TX).  

Result 

Baseline Characteristics 

 

http://dict.bing.com.cn/#cubic


54 
 

 
 

         A total of 123,465 women who had a hemoglobin measurement and were free of 

CVDs at baseline were included in this study. Of those, 6,565(5.3%) were anemic 

(hemoglobin< 12 g/dl), 110,967 (89.9%) had normal hemoglobin concentrations, and 

5,933(4.8%) had hemoglobin level above 15 g/dl (EHH). Of the 6,565 anemic women, 

5,674 (86.4%) had mild anemia, 534 (8.1%) had moderate anemia, and 357 (5.4%) had 

severe anemia. The prevalence of anemia and EHH increased slightly with age. For 

anemia, it was 5.2%, 5.2% and 5.8% in age groups 50-59, 60-69, and 70-79 respectively. 

For EHH, the corresponding percentage was 4.1%, 5.2% and 5.2% respectively for the 

three age groups.  

       Table 8 displays the baseline demographic and health related characteristics of 

participants by hemoglobin group. Statistically significant differences were noted between 

the three hemoglobin groups for most of the baseline characteristics. Both anemia and 

EHH groups were slightly older than normal control group. The percentage of African 

American was much higher in anemia group (26.3%) than normal control (8.1%) and 

EHH (3.6%) groups.  

       Compared to women with normal hemoglobin concentration, anemic women were 

less educated, had lower income, were less likely to be smokers, drank less alcohol, 

exercised less, had smaller waist circumference, were less likely to be overweight or 

obese, had worse health status, had slightly higher systolic blood pressure and lower 

diastolic blood pressure, were more likely to be taking anti-hypertension medications, 

supplemental iron, hormone medications, glucose-lowering  medications and lipid-

lowering medications, were more likely to suffer from diabetes. In terms of family history, 
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anemic women were less likely to have relatives having history of heart attack, but more 

likely to have relatives having history of stroke and diabetes.  

      EHH group differed from the normal control in a similar way with anemic women for 

most of the characteristics, including social economic status, exercise, alcohol drinking, 

history of diabetes, and family history of cardiovascular disease. Some differences, 

however, were noted for other characteristics, including that EHH group had bigger waist 

circumference and higher systolic blood pressure, were less likely to be overweight or 

obesity, more likely to be smokers, more likely to have relatives having history of heart 

attack, had a small proportion of taking supplemental iron and hormone medications, but a 

greater proportion of taking lipid-lowering medications. 

Age-standardized Incidence Rates for CVD Events  

 

       During an average of 10.8 (SD: 2.7) years of follow-up, a total of 12,524 CVD events 

were observed in a total of 1,267,339 person-years. Of these, 715 CVD events were 

recorded in anemia group, 864 in EHH group, and 10,945 in normal control.  

      Table 9 presents the age-standardized incidence rate for CVD events by hemoglobin 

group for each ethnicity. Women in anemia group and EHH group had higher CVD 

incidence rate (10.8 and 14.2 per 1000 person-years respectively), compared to women 

with normal hemoglobin concentration (9.5 per 1000 person-years). Those differences 

were also noted in CHD and cerebrovascular disease incidence rates for each ethnic group. 

For specific CVD events (MI, stroke, CHF, peripheral artery disease, and others), the 

incidence rates were also higher in anemia and EHH groups than in the normal group 

(Table 10).  
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Relationship between Hemoglobin Concentrations and CVD Events 

 

       Different from descriptive analysis, in which low hemoglobin concentrations was 

only defined as one category: anemia (hemoglobin<12g/dl), more categories were used to 

assess whether the association between anemia and CVD changed with the severity of 

anemia in the study participants: mild (11g/dl ≤ hemoglobin < 12g/dl), moderate (10.5g/dl 

≤ hemoglobin <11 g/dl), and severe (hemoglobin < 10.5g/dl). 

      Table 11 presents the unadjusted and adjusted HRs of CVD for hemoglobin groups 

from the Cox proportional hazards models by 10-year age group. Among women aged 50-

59, the unadjusted hazard ratios of CVD for each hemoglobin group compared to normal 

group were 1.03 (95% CI: 0.83, 1.26) for mild anemia, 1.42 (95% CI: 0. 80, 2.50) for 

moderate anemia, 2.01 (95% CI: 1.01, 4.03) for severe anemia, and 1.98 (95% CI: 1.68, 

2.33) for EHH. The magnitude of the association varied in age groups 60-69 and 70-79, 

but it still appeared that both anemia and EHH were associated with an increased risk of 

CVD events, and the strength of association with low hemoglobin increased with the 

severity of anemia. Those associations still existed among each age group after adjusting 

for race/ethnicity (Model 2). When other baseline characteristics were introduced into the 

model (Model 3 and Model 4), the increased risk for CVD events associated with EHH 

reduced substantially and it was no longer significant in women aged 70-79.  

       Differences in risk between hemoglobin groups were also assessed for CHD and 

cerebrovascular disease. The results were similar and only some small difference in 

magnitude of associations was noted (data not shown).  
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       Table 12 displays the results for the association between continuous hemoglobin 

concentrations and CVD events. Both hemoglobin and its quadratic and cubic terms were 

statistically significantly associated with incidence of CVD events (P<0.001 for all three 

terms), suggesting a J-shape or U-shape association between hemoglobin concentration 

and CVD events. Figure 3 displays the estimated hazard ratios for hemoglobin 

concentrations from the univariate Cox proportional hazards model, and a clear U-shape 

association was observed.  

       The above findings for association between CVD events and hemoglobin 

concentrations remained when competing risk cumulative incidence subdistribution 

models were used for the analysis (Figure 6-8). When the same analyses were conducted 

using only the OS cohort, it presents similar association between hemoglobin 

concentrations and development of CVD events (data not shown).  

Sensitivity Analyses 

 

     Sensitivity analyses were conducted in the OS cohort in which chronic anemia was 

able to be defined based on hemoglobin measurement at baseline and year 3. Result 

showed that both women with chronic anemia and women with only baseline anemia 

appeared to have higher risk of CVD events compared to women without baseline anemia, 

and the HR was larger for chronic anemia compared to only baseline anemia (unadjusted 

HR was 1.13 (95% CI: 1.04, 1.24) for baseline anemia, and it was 1.22 (95% CI: 1.05, 

1.41) for chronic anemia, P= 0.4 for comparison between chronic anemia and baseline 

anemia). Analyses were also conducted in participants who had serum HDLC, LDLC, 

insulin, triglyceride, or creatinine and CRP. No statistically significances were observed 
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for interaction terms of these variables with hemoglobin.  After controlling serum 

creatinine and CRP in the Cox models, the coefficients of hemoglobin concentrations got 

slightly smaller, but it didn’t change the statistical significance and still showed the same 

direction (data not shown).  

Discussion 

 

       We observed that both anemia and EHH were associated with an increased risk of 

CVD events in postmenopausal women, which implies a U-shaped relation between 

hemoglobin concentration and CVD risk. After adjustment for traditional cardiovascular 

risk factors, including age, race and ethnicity, blood pressure, diabetes, history of high 

cholesterol, obesity, physical activity and smoking, alcohol drinking, family history of 

diabetes and CVD, and intake of nutrient supplements and several medications, significant 

difference (p<0.05) still existed in the hazards of CVD between hemoglobin groups, 

suggesting that abnormal hemoglobin can cause an incremental increase in the risk of 

CVD events.  

      Other studies have reported that anemia is associated with adverse health outcomes 

including all-cause mortality in selected populations [53, 54, 73]. To our knowledge, the 

only other study to assess the association between anemia and CVD events in general 

population was the Atherosclerosis Risk in Communities (ARIC) study[60]. Consistent 

with that study, we found that an increased cardiovascular risk is associated with anemia. 

Specifically, in the current study, anemia was classified into three categories: mild 

(11≤hemoglobin<12g/dl), moderate (10.5g/dl≤hemoglobin<11g/dl), and severe 

(hemoglobin<10.5g/dl), to evaluate cardiovascular risk associated with severity of anemia. 
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We found that hazards of CVD were increased greatly with decrease of hemoglobin 

concentrations. For example, we observed a 10% increase of cardiovascular risk 

associated with mild anemia, and a 28% and 59% increased cardiovascular risk for 

moderate and severe anemia respectively in the postmenopausal women aged 70-79 years 

old, after adjusting for other factors.   

        Different from the ARIC study, we also assessed the association between CVD 

events and hemoglobin higher than normal levels. Several previous studies have reported 

that an increased cardiovascular risk is associated with high hematocrit, an indirect 

measurement estimating hemoglobin level [53, 54, 73]. Consistent with findings of 

hematocrit, we found that presence of EHH is also associated with an increased risk of 

CVD events. In other previous studies, high hemoglobin was ignored when assessing the 

association between hemoglobin concentration and adverse health outcomes, and 

hemoglobin concentration was coded as a binary variable: either anemia or non-anemia. 

The combination of normal hemoglobin and EHH as a reference would underestimate the 

effect of anemia, especially when percentage of EHH is not low in the study population.  

In the current analysis, we found that the about 4.8% of the study participants had 

hemoglobin concentration higher than 15 g/dl, and the prevalence increase with aging. 

That number is not small and almost close to the prevalence of anemia in the study 

participants. 

      One of the novel findings in the current study is that the association between 

hemoglobin concentration and CVD events differed by age, no matter continuous or 

categorical hemoglobin variable was used. The age difference in cardiovascular hazards 
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associated with hemoglobin concentrations was statistically significant for hemoglobin 

higher than 15g/dl. Figure 2 gives us a direct graphic insight that hazard of CVD 

associated with EHH decreases with age. The hazard ratios of CVD go up rapidly with 

increase of hemoglobin concentrations within the EHH range in age group 50-59, but 

much less steeply in women aged 70-79. For the association between anemia and CVD 

events, the age effect was smaller. The interaction term with anemia did not reach 

statistically significance at 0.05 level, and only some magnitude difference in hazards ratio 

between age groups was observed. Although our study cannot explain the reason of age 

effect on the association between hemoglobin concentrations and CVD, this finding might 

have potential clinical values and warrant further studies.  

     The underlying mechanisms involved in the relationship between hemoglobin 

concentrations and CVD events are most likely to be complicated and heterogeneous. 

Varat (1972) suggested that hemodynamic change might play an important role. To 

compensate the decrease of hemoglobin concentration, the body first responds by 

increasing erythropoietin production to stimulate erythropoiesis, and increasing oxygen 

extraction from the blood. When adequate oxygen supply still cannot be satisfied, cardiac 

output has to increase accompanied by increased preload and decreased afterload [61, 62]. 

The blood viscosity becomes slower and arterial dilatation occurs for responding to the 

increased blood flow and hypoxia-generated metabolites. In the long term, anemia can 

contribute to the development of left ventricular hypertrophy (LVH), which has been 

documented to be associated with increased risk of adverse cardiovascular outcomes 

including stroke, angina, myocardial infarction (MI), congestive heart failure, and 
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coronary heart disease and cardiovascular deaths[19-22]. An alternative mechanism might 

be contributed by the effect of inflammation. Epidemiologic studies suggest that one third 

of anemia in elderly population is contributed to inflammation caused by chronic diseases 

[15]. Inflammation status in chronic diseases can reflect in elevated level of various 

cytokines, such as tumor necrosis factor, interleukin, interferon, CRP, which have been 

known as the risk factors of cardiovascular diseases [74, 75]. Those inflammatory 

biomarkers are involved in cardiovascular pathogenesis and atherothrombosis, and have 

been used to predict cardiovascular events in asymptomatic adults [76-80].       

       Hemodynamic change might also play a role in the association between CVD events 

and hemoglobin higher than normal level. High hemoglobin concentration has often been 

observed in smokers, and  usually indicates an impairment of blood oxygenation [56].  

Cigarette smoking can damage the oxygen carrying capacity through binding hemoglobin 

with carbon monoxide, and then cause compensatory increase of production of blood cell 

[81]. It results in an increased viscosity, which increases peripheral resistance and 

diminishes cardiac output, and causes the reduction of blood flow and perfusion in 

consequence. Besides, elevated hematocrit levels caused by high hemoglobin can lead to 

atherogenesis through aggregation of erythrocytes and platelets [54]. All of these changes 

can contribute to an increased risk of CVD events [63-65].  

     There are a few limitations in this study. The current analysis combined participants of 

CTs and OS together. As mentioned before, CT participants reported their health status 

every 6 month and OS participants reported every year. In addition, silent MIs were not 

included in OS since ECG data were not collected. Those differences in data collection 
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procedures of health outcomes may introduce more misclassification in OS than in CTs. 

However, the sensitive analysis conducted in OS cohort displays the association between 

hemoglobin concentrations and CVD in the OS cohort was similar to that in the whole 

WHI population. The second limitation is that we don’t have the information about the 

underlying causes for anemia in this study. Previous studies suggested there are three 

types of anemia defined by its underlying causes: nutritional deficiency anemia, anemia of 

chronic inflammation (sometimes referred as anemia of chronic disease) and unexplained 

anemia, and each accounts for one third of the total cases [15, 47]. Due to the lack of 

information, we cannot determine whether the observed association between anemia and 

CVD events can apply to all three types of anemia. Lastly, serum creatinine was only 

measured in a small portion of participants (African American and Hispanics) in this 

study. Previous studies suggested that the association between anemia and CVD was 

confounded or modified by creatinine or glomerular filtration rate in patients with chronic 

kidney disease [82-84]. Although the result from the sensitivity analysis showed that the 

association of hemoglobin concentration and CVD events were almost same after 

adjustment of serum creatinine, further studies are warranted to examine the association of 

renal function, anemia, and CVD events in non-Hispanic Whites and other ethnic 

population.   

     Though limited by the above mentioned factors, the findings of this study have some 

potential clinical implications. Anemia is considered as a modifiable condition. Successful 

treatment of anemia could significantly improve cardiac function in CHF patients [85, 86] 
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. It is interesting to investigate in future studies whether correcting hemoglobin level 

would be beneficial to prevent CVD in postmenopausal women.     

Conclusion 

 

Anemia and hemoglobin higher than normal level are significantly and independently 

associated with increased risk of cardiovascular disease in postmenopausal women. The 

increase in cardiovascular risk found in this study suggests the importance of prevention 

of abnormal hemoglobin concentration in postmenopausal women.  
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Table 8: Baseline Characteristics (Mean± SD or N(%)) of Study Participants by 

Hemoglobin Groups (Manuscript #1) 

Variable Normal 

(n= 110,967) 

Anemia 

(n= 6,565) 

EHH 

(n= 5,933) 

Age at screening 62.8  ± 7.2 63.1 ± 7.4** 63.7  ± 7.0** 
Years since menopause 14.6  ± 9.5 15.5  ± 9.8** 15.6  ± 9.4** 
Waist (cm)  85.9 ± 13.6 84.9 ± 14.3** 90.3 ± 14.8** 
Ethnicity   **  **  
    Non-Hispanic White 92178 (83.3%) 4294 (65.7%) 5222 (88.3%) 
    African American 8969 (8.1%) 1716 (26.3%) 215 (3.6%) 
    Hispanic 4625 (4.2%) 245 (3.7%) 200 (3.4%) 
    Native American 428 (0.4%) 39 (0. 6%) 31 (0.5%) 
    Asian/Pacific Islander 3229(2.9%) 143 (2.2%) 190 (3.2%) 
    Other 1252(1.1%) 100 (1.5%) 59 (1.0%) 
Education   *  **  
    <High school 1599 (1.5%) 116 (1.8%) 87 (1.5%) 
    High school 22454 (20.4%) 1403 (21.6%) 1389 (23.6%) 
    School after high school 10973 (10.0%) 654 (10.0%) 675 (11.5%) 
    College or higher 75099 (68.2%) 4338 (66.6%) 3736 (63.5%) 
Family income   **  **  
    <$2000 15718 (14.8%) 1164 (18.5%) 1031 (18.1%) 
    $20000 - $49000 456 (42.9%) 2671 (42.5%) 2728 (47.8%) 
    $50000 - $74999 21399 (20.1%) 1151 (18.3%) 1012 (17.7%) 
    >=$75000  20815 (19.5%) 1095 (17.4%) 778 (13.6%) 
    Don't know 2916 (2.7%) 205 (3.3%) 159 (2.8%) 
General health  ** ** 
    Excellent 21628 (19.6%) 1025 (15.7%) 810 (13.7%) 
    Very good 47779 (43.3%) 2485 (38.1%) 2467 (41.8%) 
    Good 33725 (30.6%) 2276 (34.9%) 2129 (36.0%) 
    Fair 6761 (6.1%) 682 (10.5%) 463 (7.8%) 
    Poor 507 (0.5%) 57 (0.9%) 40 (0.7%) 
Body Mass Index (kg/m2)  ** ** 
    Underweight (< 18.5) 915 (0.8%) 72 (1.1%) 61 (1.0%) 
    Normal (18.5 - 24.9) 38788 (35.3%) 2544 (39.1%) 1613 (27.5%) 
    Overweight (25.0 - 29.9) 38660 (35.1%) 2061 (31.7%) 2028 (34.5%) 
    Obesity i (30.0 - 34.9) 19786 (18.0%) 1026 (15.8%) 1299 (22.1%) 
    Obesity ii (35.0 - 39.9) 7808 (7.1%) 469 (7.2%) 557 (9.5%) 
    Extreme obesity iii (>=40) 4055 (3.7%) 332 (5.1%) 316 (5.4%) 
Smoking status   **  **  
    Never smoked 56727 (51.7%) 3515 (54.3%) 2511 (42. 9%) 
    Past smoker 46050 (42.0%) 2700(41.7%) 2133 (36.4%) 
   Current smoker 6943(6.3%) 257 (4.0%) 1211(20.7%) 
Alcohol intake per day   **  **  
    Non drinker 30728 (27.9%) 2378 (36.5%) 1732 (29.4%) 
    <=1/day 66130 (60.0%) 3568 (54.8%) 3345(56.8%) 
    >1/day 13435 (12.18%) 563 (8.7%) 816 (13.9%) 
High cholesterol requiring  pills 

ever  

13196(12.0%) 754 (11.7%) 727 (12.37%) 
Systolic blood pressure 

(mm/Hg) 

 ** ** 
     <120 44239 (39.9%) 2678(40.8%) 1849 (31.2%) 
    121 - 140 45081 (40.7%) 2505(38.2%) 2587 (43.6%) 
    >140 21562 (19.5%) 1378(21.0%) 1492 (25.2%) 
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Diastolic blood 

pressure(mm/Hg) 

 ** ** 
     <90 103386 (93.3%) 6184 (94.3%) 5201 (87.8%) 
     >=90 7487 (6.8%) 373 (5.7%) 721 (12.2%) 
Diabetes   **  **  
    No 105695 (95.3%) 6102 (93.1%) 5418 (91.4%) 
    Yes, no current insulin 4189 (3.8%) 305 (4.7%) 428 (7.2%) 
    Yes, currently using insulin 979 (0.9%) 147 (2.2%) 83 (1.4%) 
Total met-hours per week 12.83 ± 13.95 12.23 ±14.0 11.33 ±13.5 
Minutes/week spent walking   **  **  
    None 46716 (42.2%) 2996 (45.8%) 2831 (47.9%) 
    >0-150 min 46890 (42.4%) 2562 (39.2%) 2290 (38.8%) 
    >=150 min 16998 (15.4%) 983(15.0%) 786 (13.3%) 
Relatives had a heart attack 53351(50.6%) 2939 (47.7%)**  2977 (53.1%)** 
Relatives had a diabetes 34846 (31.5%) 2168 (33.2%)** 2008 (33.9%)** 
Relative had a stroke 39217 (35.5%) 2392 (36.7%)** 2189 (37.1%)** 
Supplemental iron (mg) 8.11 ± 18.89 11.65 ± 34.31** 7.20 ± 18.40** 
Dietary iron (mg) 12.45 ± 5.81 12.04 ± 6.42** 12.45 ± 5.83 
Hormone usage status  ** ** 
    Never used 47986 (43.3%) 2813 (42. 9%) 3043 (51.3%) 
    Past user 17043 (15.4%) 881 (13.4%) 1061 (17.9%) 
    Current user 45841 (41.4% 2864 (43.7%) 1823 (30.8%) 
Reported using anti-diabetic 

medications 

5927 (5.3%) 475 (7.2%)**  637 (10.7%)** 
Reported using anti-

hypertension medications 

22709 (20.5%) 1490 (22.7%)**  1582 (26.7%)** 
Reported using anti-

hyperlipidemic medications 

21373 (19.3%) 1083 (16.5%)** 1299 (21.9%)** 
Note: Chi square test was used to examine the association between baseline characteristics and hemoglobin 

concentrations. Symbol * and ** were used to indicate P<0.05 and P<0.01 respectively. 
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Table 9: Age-standardized Incidence Rate (95% CI) per 1,000 Person-years for CVD Events 

Race/Ethnicity 

CHD Cerebrovascular disease CVD 

Normal Anemia EHH Normal Anemia EHH Normal Anemia EHH 

Total  

2.86  

(2.79-2.97) 

3.15  

(2.76-3.59) 

4.53  

(3.99-5.04) 

3.08  

(2.97-3.15) 

3.73  

(3.3-4.21) 

3.92 

 (3.44-4.39) 

9.53  

(9.35-9.72) 

10.77  

(9.97-11.56) 

14.17  

(13.23-15.15) 

Non-Hispanic 

white 

2.94 

(2.83-3.05) 

3.15 

(2.65-3.66) 

4.53 

(3.99-5.08) 

3.08 

(2.97-3.19) 

3.55 

(3.05-4.1) 

3.92 

(3.41-4.42) 

9.17 

(8.99-9.39) 

10.11 

(9.21-10.98) 

13.52 

(12.58-14.46) 

African 

American 

2.97 

(2.61-3.34) 

3.15 

(2.32-3.99) 

4.53 

(1.56-7.47) 

3.59 

(3.19-3.99) 

4.21 

(3.23-5.18) 

2.97 

(0.58-5.37) 

10.33 

(9.68-10.98) 

10.33 

(8.81-11.85) 

12.36 

(7.5-17.22) 

 

Hispanic 

1.52 

(1.16-1.89) 

2.61 

(0.51-4.75) 

2.68 

(0.33-5.00) 

1.96 

(1.56-2.39) 

0.91 

(0-2.18) 

3.01 

(0.62-5.44) 

6.56 

(5.8-7.29) 

7.36 

(3.73-10.98) 

9.64 

(5.29-13.99) 

Native 

American 

2.83 

(1.23-4.46) 

2.57 

(0-7.58) 

12.11 

(0-29.62) 

2.14 

(0.73-3.52) 

5.44 

(0-13.01) 

4.24 

(0-12.54) 

8.23 

(5.51-10.95) 

10.4 

(0.22-20.59) 

27.66 

(4.5-50.82) 

Asian/Pacific 

Islander 

1.78 

(1.34-2.25) 

1.78 

(0.00-3.88) 

5.47 

(2.07-8.92) 

2.79 

(2.21-3.37) 

2.03 

(0.04-3.99) 

6.78 

(2.9-10.62) 

6.31 

(5.44-7.18) 

7.07 

 (3.08-11.06) 

10.77 

 (6.02-15.52) 

Note: 1411 women were other race/ethnicity background and 330 women had missing value, and they were not listed here.  
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Table 10: Age-standardized Incidence Rate (95%) per 1,000 Person-years for 

Specific CVD Events 

 Total Non-

Hispanic 

White 

African 

American 

Hispanic Native 

American 

Asian/Pacific 

Islander 

MI       

 2.34 

(2.26 - 2.43) 

2.44 

(2.34 - 2.53) 

2.13 

(1.83 - 2.44) 

1.23 

(0.90 - 1.55) 

2.15 

(0.75 - 3.56) 

1.52 

(1.09 - 1.95) 

 2.29 

(1.93 - 2.64) 

2.40 

(1.97 - 2.84) 

1.91 

(1.26 - 2.57) 

2.21 

(0.27 - 4.15) NA 

1.80 

(0.00 - 3.90) 

 3.33 

(2.88 - 3.78) 

3.43 

(2.95 - 3.92) 

2.53 

(0.31 - 4.76) 

1.62 

(0.00 - 3.45) 

4.23 

(0.00 - 12.51) 

2.86 

(0.34 - 5.37) 

CHF       

 1.42 

(1.36 - 1.49) 

1.42 

(1.34 - 1.49) 

2.03 

(1.73 - 2.33) 

1.00 

(0.70 - 1.29) 

1.19 

(0.15 - 2.24) 

0.50 

(0.26 - 0.75) 

 2.22 

(1.87 - 2.58) 

2.13 

(1.71 - 2.54) 

2.37 

(1.65 - 3.10) 

1.93 

(0.03 - 3.83) 

2.59 

(0.00 - 7.66) 

1.48 

(0.00 - 3.16) 

 2.43 

(2.05 - 2.81) 

2.54 

(2.13 - 2.96) 

2.9 

(0.58 - 5.22) 

0.50 

(0.00 - 1.49) 

8.27 

(0.00 - 24.31) 

1.72 

(0.00 - 3.66) 

Stroke       

 2.35 

(2.26 - 2.44) 

2.35 

(2.25 - 2.44) 

2.70 

(2.36 - 3.04) 

1.64 

(1.26 - 2.02) 

2.14 

(0.75 - 3.55) 

2.32 

(1.79 - 2.85) 

 2.75 

(2.36 - 3.14) 

2.63 

(2.17 - 3.08) 

3.22 

(2.37 - 4.07) NA 

2.58 

(0.00 - 7.64) 

0.99 

(0.00 - 2.35) 

 3.13 

(2.70 - 3.55) 

3.14 

(2.68 - 3.59) 

1.46 

(0.00 - 3.12) 

3.03 

(0.61 - 5.46) 

4.27 

(0.00 - 12.63) 

5.70 

(2.14 - 9.26) 

PAD       

 0.47 

(0.44 - 0.52) 

0.46 

(0.42 - 0.50) 

0.92 

(0.72 - 1.12) 

0.18 

(0.05 - 0.31) 

0.23 

(0.00 - 0.68) 

0.19 

(0.04 - 0.34) 

 0.53 

(0.36 - 0.71) 

0.52 

(0.32 - 0.73) 

0.57 

(0.22 - 0.92) 

0.50 

(0.00 - 1.47) 

2.67 

(0.00 - 7.91) NA 

 1.21 (0.94 - 

1.48) 

1.26 

(0.96 - 1.55) 

1.52 

(0.00 - 3.25) NA 

8.22 

(0.00 - 19.58) 

0.56 

(0.00 - 1.67) 

TIA       

 0.80 

(0.75 - 0.84) 

0.80 

(0.75 - 0.85) 

0.99 

(0.78 - 1.19) 

0.41 

(0.22 - 0.60) NA 

0.57 

(0.30 - 0.83) 

 1.09 

(0.84 - 1.34) 

1.01 

(0.72 - 1.29) 

1.17 

(0.65 - 1.68) 

0.92 

(0.00 - 2.21) 

2.76 

(0.00 - 8.15) 

1.00 

(0.00 - 2.39) 

 0.85 

(0.63 - 1.08) 

0.86 

(0.62 - 1.10) 

1.53 

(0.00 - 3.26) NA NA 

1.04 

(0.00 - 2.50) 

Note: MI: myocardial infarction, CHF: coronary heart failure, PAD: peripheral artery disease, TIA: 

transient Ischemic attack.  
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Table 11: The Hazards Ratios and 95% CIs of CVD Events Associated with Categorical Hemoglobin Concentrations in 

the Postmenopausal Women 

Hemoglobin groups Model 1 Model 2 Model 3 Model 4 

Unadjusted HR P value Adjusted HR P value Adjusted HR P value Adjusted HR P value 

Age group 50-59         

    Mild anemia 1.03  (0.83 - 1.26) 

 

0.811 0.91  (0.74 - 1.13) 0.386 0.95  (0.77 - 1.18) 0.646 0.97  (0.77 - 1.23) 0.819 

    Moderate anemia  1.42  (0.80 - 2.50) 0.231 1.23  (0.70 - 2.18) 0.470 1.37  (0.77 - 2.41) 0.282 1.27  (0.68 - 2.38) 0.447 

    Severe anemia 2.01  (1.01 - 4.03) 

 

0.048 1.78  (0.89 - 3.57 0.104 1.93  (0.96 - 3.86) 0.064 1.75  (0.78 - 3.93) 0.174 

    Extremely high 1.98  (1.68 - 2.33) <0.001 2.03  (1.72 - 2.39) <0.001 1.70  (1.44 - 2.01) <0.001 1.26  (1.05 - 1.51) 0.013 

Age group 60-69         

    Mild anemia 1.08  (0.96 - 1.22) 0.208 1.03  (0.91 - 1.17) 0.594 1.04  (0.92 - 1.18) 0.530 1.08  (0.94 - 1.24) 0.277 

    Moderate anemia  1.32  (0.92 - 1.91) 0.132 1.24  (0.86 - 1.78) 0.255 1.27  (0.88 - 1.83) 0.201 1.10  (0.72 - 1.68) 0.652 

    Severe anemia 1.24  (0.78 - 1.97) 0.360 1.18  (0.74 - 1.88) 0.476 1.23  (0.77 - 1.95) 0.385 1.19  (0.73 - 1.94) 0.496 

    Extremely high 1.57  (1.43 - 1.73) <0.001 1.57  (1.43 - 1.73) <0.001 1.41  (1.27 - 1.56) <0.001 1.20  (1.08 - 1.33) 0.001 

Age group 70-79         

    Mild anemia 1.12  (0.98 - 1.28) 0.083 1.11  (0.97 - 1.27) 0.135 1.11  (0.97 - 1.27) 0.141 1.10  (0.95 - 1.28) 0.206 

    Moderate anemia  1.31  (0.89 - 1.93) 0.168 1.32  (0.90 - 1.94) 0.162 1.37  (0.93 - 2.01) 0.113 1.28  (0.82 - 1.98) 0.277 

    Severe anemia 1.66  (1.13 - 2.44) 0.010 1.68  (1.14 - 2.47) 0.008 1.62  (1.09 - 2.40) 0.016 1.59  (1.02 -2.48) 0.039 

    Extremely high 1.16 (1.02 – 1.31 0.022 1.16  (1.02 - 1.31) 0.022 1.11  (0.98 -1.26) 0.108 1.01  (0.88 -  1.16) 0.905 

Note:  

Model 1: Univariate Cox model 

Model 2: Multivariable Cox model, adjusting for age and ethnicity 

Model 3: Multivariable Cox model, adjusting for age, ethnicity, smoking, and general health status.  

Model 4: Multivariable Cox model, adjusting for age, ethnicity, smoking, general health status, waist circumference, diabetes, alcohol drinking, years since menopause, 

systolic blood pressure, time in walking, hormone use, anti-hypertensive medication, anti-diabetes medication, and lipid-lowering medication.  
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Table 12: The Hazards Ratios and 95% CIs of CVD Events Associated with Continuous Hemoglobin Concentrations 

among the Postmenopausal Women 

Hemoglobin groups  Model 1  
 Model 2   Model 3   Model 4  

 
Unadjusted 

HR 95%CI  
P 

value 
Adjusted 

HR 95%CI  
P 

value 
Adjusted 

HR 95%CI  
P 

value 
Adjusted 

HR 95%CI  
P 

value 

Age group 50-59                 

  Hemoglobin 1.194 1.143 1.248 <0.001 1.240 1.186 1.297 <0.001 1.173 1.121 1.227 <0.001 1.066 1.015 1.119 0.010 

  Hemoglobin2 1.025 1.017 1.033 <0.001 1.025 1.017 1.034 <0.001 1.022 1.013 1.031 <0.001 1.018 1.007 1.029 0.001 

  Hemoglobin3 0.999 0.998 0.999 <0.001 0.998 0.998 0.999 <0.001 0.999 0.998 0.999 <0.001 0.999 0.999 1.000 0.003 

Age group 60-69                 

  Hemoglobin 1.119 1.091 1.149 <0.001 1.130 1.101 1.160 <0.001 1.097 1.068 1.127 <0.001 1.038 1.008 1.069 0.012 

  Hemoglobin2 1.013 1.007 1.019 <0.001 1.013 1.007 1.019 <0.001 1.011 1.004 1.017 <0.001 1.006 0.998 1.013 0.133 

  Hemoglobin3 0.999 0.999 1.000 <0.001 0.999 0.999 1.000 <0.001 0.999 0.999 1.000 <0.001 1.000 0.999 1.000 0.184 

Age group 70-79                 

  Hemoglobin 1.041 1.010 1.072 0.008 1.045 1.014 1.077 0.004 1.035 1.004 1.067 0.028 1.014 0.981 1.048 0.412 

  Hemoglobin2 1.009 1.003 1.014 0.002 1.009 1.003 1.015 0.001 1.008 1.002 1.014 0.006 1.008 1.002 1.014 0.012 

  Hemoglobin3 1.000 0.999 1.000 0.001 0.999 0.999 1.000 0.001 1.000 0.999 1.000 0.003 1.000 0.999 1.000 0.014 

Note:  

Hemoglobin2: quadratic hemoglobin, Hemoglobin3: cubic hemoglobin.  

Model 1: Univariate Cox model 

Model 2: Multivariable Cox model, adjusting for age and ethnicity 

Model 3: Multivariable Cox model, adjusting for age, ethnicity and smoking (please see the results for adjusting other covariates in Table A1 in the appendix 

Model 4: Multivariable Cox model, adjusting for age, ethnicity, smoking, general health status, waist circumference, diabetes, alcohol drinking, years since menopause, 

systolic blood pressure, time in walking, hormone use, anti-hypertensive medication, anti-diabetes medication, and lipid-lowering medication.  
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Figure 3: Estimated Hazards Ratios by Hemoglobin Concentration for Age 50-59 
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Figure 4: Estimated Hazards Ratios by Hemoglobin Concentration for Age 60-69 
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Figure 5: Estimated Hazards Ratios by Hemoglobin Concentration for Age 70-79 
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Figure 6: Cumulative Incidence of CVD Events Estimated by Competing Risk Sub-

distribution Model in Age 50-59 
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Figure 7: Cumulative Incidence of CVD Events Estimated by Competing Risk Sub-

distribution Model in Age 60-69 
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Figure 8: Cumulative Incidence of CVD Events Estimated by Competing Risk Sub-

distribution Model in Age 70-79 
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CHAPTER 7: THE ASSOCIATION BETWEEN HEMOGLOBIN 

CONCENTRATION AND CARDIOVASCULAR DEATH 

  

Introduction 

 

     Anemia is a common health problem in older adult in the US. The prevalence of 

anemia increases with age and varies by race and ethnicity. The Third National Health 

and Nutrition Examination Survey (NHANES III) estimated that 10.6% of people aged 

64 and older suffered from anemia, and the prevalence doubled to 20% in the people aged 

85 and older. African Americans had the highest risk of anemia and suffered from anemia 

about three times than their non-Hispanic White counterparts [15]. 

       Previous research suggested that anemia was associated with adverse health 

outcomes and hospitalization in chronic heart failure (CHF) patients. CHF patients with 

anemia had higher all-cause mortality rate than patients with normal hemoglobin level 

[87-89]. It has also been suggested that hemoglobin concentration and mortality rate 

might actually have a J or U-shaped relationship in CHF patients: both lower and higher 

hemoglobin levels are associated with a higher risk of death than normal level [44, 53-

55]. 

       To our knowledge, the clinical consequences of abnormal hemoglobin concentrations 

have not been well studied in cardiovascular disease (CVD) patients. CVD includes CHF, 

but more broadly includes most diseases that involve arteries. Generally, CVD patients 

without CHF have less severe clinical symptoms and better prognosis compared to CHF 

patients. Epidemiologic studies indicated differential mortality between CVD patients 

and CHF patients: the number of deaths from CHF has continued to increase, while the 
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general cardiovascular death rate has decreased gradually since 1970s [26]. Most CHF 

patients also suffer from chronic kidney insufficiency (CKI), which has been well 

documented to be a risk factor for mortality [82, 90-92]. The association of anemia, CKI 

and CHF is complicated, and each of them can cause others. For example, anemia in CHF 

is mainly contributed to deterioration of chronic function, however, anemia itself can 

further worsen cardiac and renal function [58]. The complicated interaction between 

CHF, CKI, and anemia, suggested as cardio-renal anemia syndrome [93], make it much 

more difficult to differentiate effects of anemia from CKD in CHF patients than in 

general CVD patients.   

       In this study, we examined the association between hemoglobin concentration and 

mortality risk in postmenopausal women with prior CVD in the nationwide Women’s 

Health Initiatives (WHI) study. Our primary hypothesis was that abnormal hemoglobin 

concentration (either anemia or hemoglobin higher than normal level) is associated with a 

higher risk of cardiovascular death and all-cause death among patients with CVD.  

 

Methods 

Participants 

 

      The study sample included participants of the WHI study who reported to have had 

prior CVD at the time of enrollment. Details of the study design, sampling procedure, 

inclusion and exclusion criteria have been published elsewhere [66, 68, 70]. In brief, the 

WHI is a longitudinal national health study that investigates the major causes of death 

and disability including heart disease, breast and colorectal cancer, and osteoporotic 
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fractures in postmenopausal women. Between 1993 and 1998, WHI enrolled 161,808 

postmenopausal women from 40 US clinical centers and assigned them to a set of 

randomized Clinical Trials (CT) or an Observational Study (OS).  

      Prior CVD was defined as having CHD or stroke before the time of enrollment as 

reported on questionnaires. For stroke, the participant was asked: “Did a doctor ever say 

that you had a stroke?” with a response of yes or no. For CHD, the participant was asked: 

“Has a doctor told you that you had heart problems, problems with your blood circulation 

or blood clots?” with a response of yes or no. In the current analysis, a total of 26,929 

postmenopausal women with prior CVD at the time of enrollment were included. Of 

them, 17,210 participated in the observational cohort and 9,719 participated in the 

clinical trials.  

Hemoglobin Measurement 

 

      Blood samples were drawn from the participants at the time of enrollment. 

Participants were asked to fast for at least 12 hours, refrain from smoking for at least one 

hour before blood draw, and avoid performing of vigorous physical activity for at least 8 

hours before the blood draw. After collection, blood samples were refrigerated and 

shipped to the WHI certificated clinical lab nearby the clinical center. Hemoglobin 

concentration was measured by the trained technician using the standard procedure.  

      In this study, hemoglobin concentrations were coded as a continuous and as a 

categorical variable. Two categorical variables were created for different analysis. For 

descriptive analysis, 3 categories were created: normal (12g/dl ≤ hemoglobin ≤15g/dl), 

anemia (hemoglobin < 12g/dl) and extremely high (hemoglobin >15g/dl). Anemia was 
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defined according to the wildly used WHO criteria [94]. EHH was arbitrarily defined 

after considering previous findings on the association between hemoglobin 

concentrations and all-cause death in chronic heart failure patients [44, 53-55]. In 

regression models, anemia (hemoglobin<12g/dl) was further classified as mild 

(hemoglobin <12g/dl), moderate or severe (hemoglobin<11g/dl). The normal and 

extreme high groups remained the same. 

Death Ascertainment 

 

        To collect health outcome data, participants were followed up (annually for OS 

cohort, and every 6 months for CT cohorts) from enrollment until death, loss to follow-

up, requested for no further contact, or until the trial’s planned completion date, 

regardless of their adherence to the study intervention in the CT cohort.  

         Deaths of participants were identified through mailed-questionnaires, which were 

filled out by participants’ family members, friends, and postal authorities. Physician 

adjudicators at the local clinical centers classified the underlying primary cause of death 

according to medical records and autopsy records. Death certificates were used when 

medical records were not available. Death documents in the CT cohort were further sent 

to the WHI clinical coordinating center for central adjudication [68]. All deaths before 

August 14, 2009 were included in the analysis. 

      The primary outcomes of interest included cardiovascular death and all-cause death. 

Cardiovascular death included all deaths primarily caused by definite coronary heart 

disease (CHD), cerebrovascular disease, pulmonary embolism, possible CHD, other 

CVD, and unknown CVD. All-cause death was defined as death from any cause.  
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Covariates 

 

       Variables were considered as potential confounding variables if they are risk factors 

of cardiovascular death or all-cause death and associated with hemoglobin concentration.  

       Demographic characteristics, physical measurement, and medical history were 

collected at the enrollment of the study.  Information on age, race and ethnicity, family 

income, education, years since menopause, medical insurance, general health status, 

hospitalization, diabetes, emphysema, hypertension history, high cholesterol history, 

smoking, alcohol drinking, physical activity, medication (antihypertensive medication, 

lipid-lowering drug, anti-diabetes medication, aspirin, oral contractive drug, and 

hematopoietic growth medication), nutritional supplement intake ( iron, folic acid, and 

Vitamin B12) was assessed from self-reported questionnaire.  

      Height, weight, waist circumference, and blood pressure were measured by trained 

technicians according to standard procedure at the time of enrollment. Height was 

measured to the nearest 0.1 centimeter using a wall-mounted stadiometer. Weight was 

measured to the nearest 0.1kg on a balanced beam scale with the participant dressed in 

indoor clothing without shoes. Body mass index was calculated as weight (kg) divided by 

the square of height (m). Waist circumference was measured to 0.1 centimeter using a 

measuring tape. Systolic and diastolic blood pressures were measured to the nearest 0.1 

mmHg using a sphygmomanometer.  

     Several serum biomarkers were measured in a small portion of the participants. Of 

them, serum HDLC, LDLC, insulin, triglyceride were measured in 2,377 multi-ethnic 
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women. Creatinine and CRP were measured in 1,534 African American and 397 Hispanic 

women.     

Statistical Analysis 

 

      Baseline characteristics were presented by hemoglobin groups. Comparisons by 

hemoglobin groups were made with the ANOVA tests for continuous variables and chi-

squared test for categorical variables. Age-standardized rates were calculated for 

cardiovascular death and all-cause death using the direct standardization method in which 

the entire WHI cohort was used as the standard population and the rates were stratified on 

baseline age in 10-year categories and on WHI component (CT or OS).       

      Time to cardiovascular death was defined as the time from the enrollment to 

cardiovascular death. Participants who died due to other causes were censored at the date 

of death; those who were still alive were censored at the last contact date. Time to all-

cause death was defined as time from the enrollment to death from any cause. 

Participants who were still alive censored at the last contact date. Cox proportional 

hazards models were used to estimate the unadjusted and adjusted hazard ratios (HRs) 

and 95% confidence intervals (95% CIs) for cardiovascular death and all-cause death 

associated with hemoglobin concentrations via a sequential modeling strategy. First, the 

unadjusted HRs of death for hemoglobin groups was estimated using a univariate Cox 

proportional hazards model that included only hemoglobin groups as an independent 

variable (Model 1). Second, we introduced two well established risk factors for 

cardiovascular and all-cause death, age and ethnicity, to the model besides hemoglobin 

groups via a multivariable Cox model to estimate the adjusted HRs for hemoglobin 
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groups (Model 2). Third, available potential confounding variables specified in the 

assessment of covariates section were added to Model 2 individually to evaluate how the 

HRs for hemoglobin would change by each of them. If a variable made a change in the 

HRs for hemoglobin more than 10%, it was considered as a confounding factor for the 

association between hemoglobin concentrations and death or all-cause death. Finally, a 

Cox model was fit by including all identified confounding variables as independent 

variables (Model 3). Interactions between hemoglobin concentrations and other risk 

factors were tested by including a product term in the multivariable model and none of 

them was statistically significant. The proportional hazards assumption was tested using 

the Schoenfeld residual method and it was not rejected for both cardiovascular death and 

all-cause death.  

       Even though a categorical hemoglobin variable has been more commonly used in for 

clinical practice, the specific association pattern between hemoglobin concentrations and 

cardiovascular death was explored in a univariate Cox proportional hazards model by 

including a continuous variable of hemoglobin concentration and its quadratic and cubic 

terms as the predictors. The hazard ratios were estimated from the model and plotted by 

hemoglobin concentrations.   

      In Cox proportional hazards models for cardiovascular death, censored participants 

were assumed to still have chance to experience cardiovascular death after censoring. 

However, that assumption cannot be hold for those who died from other causes. For this 

reason, we used competing risk cumulative incidence models as sensitivity analysis to 

test the association between hemoglobin concentrations and cardiovascular death. In 

http://dict.bing.com.cn/#cubic
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these models, deaths due to causes other than CVD were treated as competing risk (no 

longer at risk for cardiovascular death after it occurs) rather than censoring.  

        As mentioned before, several biomarkers associated with cardiovascular death were 

available in a small portion of the participants in this study. To test the impact of those 

biomarkers, sensitivity analyses were conducted in the participants who had serum 

HDLC, LDLC, insulin, triglyceride, or creatinine and CRP.    

        All tests were 2-sided, and P<0.05 was considered statistically significant. All 

analyses were performed in STATA version11 (Statacorp, College Station, TX).  

Result 

Baseline Characteristics 

 

        A total of 26,929 women who had a hemoglobin measurement at baseline and also 

had prior CVD events were included in this study. Of them, 1,769(6.6%) were anemic 

(hemoglobin<12 g/dl), 23,626 (87.7%) women had normal hemoglobin concentration, 

and 1,534 (5.7%) had hemoglobin level above 15 g/dl. Of the 1,769 anemic women, 

1,473 (83.3%) had mild anemia, 296 (16.7%) had moderate or severe anemia. The 

prevalence of anemia and EHH increases with age. In age groups 50-59, 60-69, and 70-

79, the prevalence of anemia were 5.8%, 6.4% and 7.4% respectively. The corresponding 

proportions were 4.8%, 5.8% and 6.1% respectively for EHH. 

       Table 13 displays the baseline demographic and health-related characteristics of 

participants by hemoglobin group. Statistically significant differences (p<0.05) were 

noted between the three hemoglobin groups for most of the baseline characteristics. 

Compared to women with normal hemoglobin concentration, anemic women were more 
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likely to be African American, less likely to be current smoker and alcohol drinker, had 

higher systolic blood pressure and lower diastolic blood pressure, higher intake of 

supplemental iron but lower intake of dietary iron, lower intake of lipid-lowering 

medication, and higher intake of erythropoietin (EPO). While women with EHH were 

more likely to be non-Hispanic White, more likely to be current smoker, had higher 

systolic and diastolic blood pressure, lower intake of supplemental iron, and higher intake 

of lipid-lowering medication.  In general, both anemic women and women with high 

hemoglobin level were older, were less educated, had poorer health status, lower level of 

physical activity, and higher risk of diabetes, compared to women with normal 

hemoglobin concentration. They were also more likely to have relatives who suffered 

from heart attack, stroke and diabetes, and reported lower intake of hormone, higher 

intake of anti-diabetes and anti-hypertension medication.  

Age-standardized CVD Mortality Rates and All-cause Mortality Rate  

 

       During an average of 10.8 years of follow-up, 4,343 deaths have been observed in a 

total of 1,267,339 person-years. Of these, 37% (1,616) were attributed to CVD, 28% 

(1,197) were attributed to cancer, 23% (980) were attributed to other diseases, and 13% 

(550) had unknown causes (Figure 9).  

      Table 14 presents the age-standardized CVD mortality rate and age-standardized all-

cause mortality rate by hemoglobin groups among postmenopausal women with prior 

CVD events or prior CHF events. In the women with prior CHF events, women with 

anemia had the highest CVD mortality rate and all-cause mortality rate, and normal 
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control had the lowest rates. This pattern also existed in all women with any type of prior 

CVD events.  

Relationship between Hemoglobin Concentrations and Cardiovascular Death and 

All-cause Death 

 

        Of the total 4,343 deaths, 3,528 occurred in the normal hemoglobin group, 344 

occurred in the EHH group, 340 and 113 occurred in mild and moderate/severe anemia 

groups respectively.  

        Table 15 presents the unadjusted and adjusted HRs of cardiovascular death for 

hemoglobin groups from the Cox proportional hazards models. The unadjusted HRs of 

cardiovascular death for each abnormal hemoglobin group compared to normal group 

were 1.75 (95% CI: 1.46-2.10) for mild anemia, 3.07 (95% CI: 2.24-4.23) for 

moderate/severe anemia, and 1.58 (95% CI: 1.32-1.90) for EHH. Both anemia and EHH 

were associated with increased risk of cardiovascular death. Those associations still 

existed after adjusting for age and race/ethnicity (Model 2). Several variables were 

identified as confounding factors for the association between hemoglobin concentrations 

and cardiovascular death, including years since menopause, income, alcohol use, general 

health status, diabetes, anti-diabetic use, and systolic blood pressure. When these 

identified confounding factors were introduced into the final model (Model 3), the 

increased risk of cardiovascular death associated with anemia and EHH reduced, but 

remained statistically significant. Anemia and EHH were also associated with an 

increased risk of all-cause death, and hazards ratios were relatively bigger compared to 

those for cardiovascular death (Table 16). 
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        The above findings for cardiovascular death remained when competing risk 

cumulative incidence subdistribution models were used for the analysis.  Figure 10 

displays the cumulative incidence of cardiovascular death based on competing risk model 

after adjustment of identified confounders. Greater incidence rates for cardiovascular 

death were observed in women with anemia or EHH compared to women with normal 

hemoglobin concentration. 

        Figure 11 and 12 displays the estimated hazard ratios for continuous hemoglobin 

concentration from the univariate Cox models for cardiovascular death and all-cause 

death. A clear U-shape association was observed for hemoglobin concentrations.   

        Sensitivity analyses were conducted in participants who had serum HDLC, LDLC, 

insulin, triglyceride, or creatinine and CRP. No statistical significances were observed for 

interaction terms of these variables with hemoglobin.  After controlling serum creatinine 

and CRP in the Cox models, the coefficients of hemoglobin concentrations got slightly 

smaller, but it didn’t change the statistical significance and still showed the same 

direction (data not shown).  

  

Discussion 

      The association between hemoglobin concentration and mortality risk in people with 

CVD has not been well recognized. In this study, we observed that in the postmenopausal 

women with prior CVD, anemia (hemoglobin<12g/dl) was significantly associated with 

an increased risk of cardiovascular death and all-cause death after adjusting for age, 



87 
 

 

ethnicity and other cardiovascular risk factors. The hazard increased with severity of 

anemia.  

     We also observed that anemia was associated with a higher risk of all-cause death 

compared to cardiovascular death, implying that non-cardiovascular death might be the 

major consequence of anemia in postmenopausal women with a history of CVD. The 

result is consistent with the Cardiovascular Health Study (CHS) which included 5201 

older community dwelling adults. In the CHS study, the adjusted HRs associated with 

anemia was 1.39 (95%CI, 1.13-1.72) for cardiovascular death, and 1.70 (95%CI, 1.30-

2.10) for all-cause death [95]. Compared to CHS, the associations we observed for 

cardiovascular and all-cause death were both relatively stronger. The different results 

might be due to different study population. The participants in the CHS cohort were older 

(≥65 years) than those in the WHI cohort (50-79), and most of them were free of CVD at 

the enrollment. It is possible that the impact of anemia on CVD patients might be 

stronger than those without CVD. 

     The association of anemia with mortality in CHF patients has been extensively 

examined [37, 84, 96, 97]. The findings of this study confirmed that anemia increases the 

risk of cardiovascular and all-cause death in postmenopausal women with prior CHF. 

CHF patients usually have worse clinical symptoms and survival. However, in this study, 

we observed that HRs of mortality risk associated with EHH in CHF patients tended to be 

a little smaller than in CVD patients. One possible explanation is that the WHI only 

included subjects with expected survival more than 3 years. The CHF patients with 

severe symptoms might be excluded from the study at the enrollment, which means that 
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the CHF patients enrolled in the WHI only represented CHF patients with mild or 

moderate clinical symptoms. If those excluded are associated with extremely 

hemoglobin, their association would have been underestimated. However, that needs to 

be tested in the future studies.   

      We also observed a higher hazard of cardiovascular and all-cause death associated 

with EHH in postmenopausal women with prior CVD or CHF. Elevated hemoglobin 

concentration is either caused by increase of hemoglobin or decrease of plasma volume. 

Impairment of blood oxygenation caused by respiratory and cyanotic cardiac changes is 

the principal pathologic reason for elevated hemoglobin concentration [56]. For example, 

cigarette smoking can damage the oxygen carrying capacity through binding hemoglobin 

with carbon monoxide, and then cause compensatory increase of production of blood cell 

[81]. Until now there has no clear definition of hemoglobin higher than normal level. 

Previous studies suggested adverse health outcomes were associated with elevated 

hemoglobin higher than 14.7 - 17 g/dl [44, 56].  Although the definition of EHH is 

arbitrary, the current analysis supported that hemoglobin > 15g/dl might be a threshold 

for abnormal high hemoglobin level. Our finding agrees with previous research relating 

hematocrit and mortality [53, 54, 73, 88], suggesting that the association of hemoglobin 

concentration with cardiovascular death or all-cause death might be a J or U-shape. 

     The non-hemodynamic and hemodynamic mechanisms have been often used to 

explain hemoglobin-related cardiovascular dysfunction. Non-hemodynamic mechanisms 

include an increase of erythropoietin production and oxygen extraction capacity for 

compensating the decrease of hemoglobin concentration. In resting condition tissue 
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hypoxia can be compensated almost entirely if hemoglobin concentration is greater than 

10 g/dl. Hemodynamic change occurs after non-hemodynamic compensation is 

inadequate. The hemodynamic changes include increase in cardiac output, decrease in 

blood viscosity, decrease in vascular resistance, and arterial dilatation [61, 62]. These 

changes may aggravate myocardial ischemia and led to adverse cardiovascular outcomes 

including stroke, angina, myocardial infarction (MI), congestive heart failure, and 

cardiovascular death [19-22]. In the current study, even mild and moderate anemia were 

associated with higher mortality risk in the postmenopausal women, suggesting other 

mechanisms may be involved.  One possible explanation can be inflammatory factors 

related to anemia and cardiovascular disease. Although the etiology of anemia could not 

be determined in this study, epidemiologic studies suggest that one third of anemia in 

elderly population can be attributed to chronic disease [15, 47]. It is well known that 

biomarkers of chronic inflammation including CRP, TN, ILs, and interferons, are 

associated with vascular disease and death [74, 75]. Another possible explanation can be 

renal function. Patients with chronic kidney disease (CKD) are more likely to have 

anemia, and severity of anemia increase with declining renal function. Reduced renal 

function is associated with a number of cardiovascular risk factors. Besides, EPO 

production is impaired in CKD patients, and reduced renal function may serve to 

exacerbate the cardiovascular outcomes in CVD patients [83, 92]. Previous studies 

suggested that the effect of CKD on cardiovascular disease might mainly be through 

anemia. Decreased glomerular filtration rate or serum creatinine was not associated with 

increased risk of mortality in patients without anemia [83, 97].   
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      Our study has several strengths. Participants were enrolled from multiple clinic 

centers across the US, and multiple ethnic and age groups increase the generality.  

Demographic and other characteristics were well characterized using standardized 

procedure, increasing the capacity to adjust for confounding factors. Comprehensive 

follow-up, ascertainment of death events, and centralized adjudication of death cause 

minimized the potential for missed or misclassification outcome. There are, however, 

several limitations in this study as well. Prior CVD and CHF were ascertained through 

self-reported questionnaire. Agreement ranged from 41% to 82% between self-reported 

cardiovascular disease to medical diagnosis, varying by specific disease, participants’ 

characteristics and questionnaire methods [98]. The self-reported prior CVD in this study 

might introduce a moderate amount of misclassification, biasing the estimates of 

association between hemoglobin concentration and mortality toward the null or making it 

less likely to show an effect. In this study, we could not differentiate etiologies of anemia, 

and cannot determine whether the observed association between anemia and CVD events 

can apply to all three types of anemia. Although we adjusted for a number of 

cardiovascular risk factors in analysis, unmeasured or incompletely measured 

confounding factors were excluded.  

 

Conclusion 

 

Lower hemoglobin (<12g/dl) and higher hemoglobin (>15g/dl) was associated with an 

increased risk for cardiovascular death and all-cause death in postmenopausal women 

with prior CVD.   
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Table 13: Baseline Characteristics (Mean ± SD or N(%) ) of Study Participants by 

Hemoglobin Groups (Manuscript #2) 

Variable 

Normal 

(n= 23,626) 

Anemia 

(n= 1,769) 

EHH 

(n= 1,534) 

P-value 

Age at screening 65.2 ± 7.2 66.0 ± 7.4 65.9 ± 6.9 
<0.001 

Years since menopause 17.6 ± 9. 8 19.0 ± 9. 9 18.4 ± 9.8 
<0.001 

Waist (cm)  88.0 ± 14.3 87.7 ± 15.1 91.7 ± 15.1 
 

Ethnicity     
<0.001 

    Non-Hispanic White 19951 (84.6%) 1172 (66.6%) 1398 (91.3%) 
 

    African American 2115 (9.0%) 483 (27.4%) 52 (3.4%) 
 

    Hispanic 652 (2.8%) 50 (2.8%) 33 (2.2%) 
 

    Native American 149 (0.6%) 10 (0.6%) 4 (0. 3%) 
 

    Asian/Pacific Islander 421 (1.8%) 27 (1.5%) 32 (2.1%) 
 

    Other 292 (1.2%) 19 (1.1%) 12 (0. 8%) 
 

Education     
<0.001 

    <High school 411 (1.8%) 59 (3.4%) 19 (1.2%) 
 

    High school 5031 (21.5%) 448 (25.6%) 405 (26.6%) 
 

    School after high school 2608 (11.1%) 193 (11.0%) 182 (11.9%) 
 

    College or higher 15407 (65.7%) 1051 (60.0%) 918 (60.2%) 
 

Family income     
<0.001 

    <$2000 4577 (20.2%) 461 (27.2%) 381 (25.8%) 
 

    $20000 - $49000 10185 (45.0%) 713 (42.0%) 714 (48.3%) 
 

    $50000 - $74999 3915 (17.3%) 255 (15.0%) 198 (13.4%) 
 

    >=$75000  3319 (14.7%) 194 (11.4%) 143 (9.7%) 
 

    Don't know 662 (2.9%) 73 (4.3%) 42 (2.8%) 
 

General health    
<0.001 

    Excellent 1892 (8.0%) 111 (6.4%) 87 (5.7%) 
 

    Very good 7589 (32.3%) 440 (25.2%) 419 (27.6%) 
 

    Good 9816 (41.7%) 710 (40.6%) 671 (44.1%) 
 

    Fair 3798 (16.2%) 426 (24.4%) 297 (19.5%) 
 

    Poor 423 (1.8%) 61 (3.5%) 47 (3.1%) 
 

Body Mass Index (kg/m2)    
<0.001 

    Underweight (< 18.5) 245 (1.0%) 31 (1.8%) 15 (1.0%) 
 

    Normal (18.5 - 24.9) 7460 (31.9%) 574 (32.8%) 393 (25.9%) 
 

    Overweight (25.0 - 29.9) 7821 (33.4%) 552 (31.5%) 490 (32.3%) 
 

    Obesity i (30.0 - 34.9) 4669 (20.0%) 310 (17.7%) 371 (24.5%) 
 

    Obesity ii (35.0 - 39.9) 2049 (8.8%) 166 (9. 5%) 157 (10.4%) 
 

    Extreme obesity iii (>=40) 1149 (4.9%) 119 (6.8%) 90 (5.9%) 
 

Smoking status     
<0.001 

    Never smoked 11493 (49.3%) 881 (50.8%) 570 (37.6%) 
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    Past smoker 10349 (44.4%) 773 (44.6%) 628 (41.4%) 
 

   Current smoker 1465 (6.3%) 79 (4.6%) 320 (21.1%) 
 

Alcohol intake per day     
<0.001 

    Non drinker 8102 (34.5%) 813 (46.3%) 527 (34.5%) 
 

    <=1/day 12878 (54.9%) 830 (47.3%) 830 (54.4%) 
 

    >1/day 2495 (10.6%) 112 (6.4%) 170 (11.1%) 
 

High cholesterol requiring  pills ever  5522 (23.6%) 407 (23.2%) 369 (24.2%) 
0.805 

Systolic blood pressure (mm/Hg)    
<0.001 

     <120 8221 (34.8%) 583 (33.0%) 395 (25.8%) 
 

    121 - 140 9697 (41.1%) 701 (39.7%) 700 (45.7%) 
 

    >140 5684 (24.1%) 483 (27.3%) 438 (28.6%) 
 

Diastolic blood pressure(mm/Hg)    
<0.001 

     <90 22205 (94.1%) 1686 (95.5%) 1403 (91.5%) 
 

     >=90 1388 (5.9%) 80 (4.5%) 130 (8.5%) 
 

Diabetes     
<0.001 

    No 21334 (90.5%) 1470 (83.4%) 1307 (85.4%) 
 

    Yes, no current insulin 1656 (7.0%) 158 (9.0%) 181 (11.8%) 
 

    Yes, currently using insulin 597 (2.5%) 134 (7.6%) 42 (2.7%) 
 

Total met-hours per week 11.3 ± 12.6 9.9 ± 12.0 10.2 ± 12.4 
<0.001 

Minutes/week spent walking     
<0.001 

    None 11340 (48.2%) 974 (55.5%) 814 (53.2%) 
 

    >0-150 min 9352 (39.7%) 585 (33.4%) 553 (36.1%) 
 

    >=150 min 2855 (12.1%) 195 (11.1%) 163 (10.7%) 
 

Relatives had a heart attack 13465 (60.5%) 997 (60.9%) 905 (62.9%) 
0.195 

Relatives had a diabetes 8095 (34.4%) 699 (39.7%) 577 (37.8%) 
<0.001 

Relative had a stroke 9366 (39.9%) 690 (39.4%) 639 (41.9%) 
0.113 

Supplemental iron (mg) 9.0 ± 43.1 12.6 ± 41.9 7.5 ± 17.5 
<0.001 

Dietary iron (mg) 12.6 ± 6.0 12.0 ± 6.5 12.6 ± 6.1 
<0.001 

Hormone usage status    
<0.001 

    Never used 10220 (43.3%) 805 (45.5%) 786 (51.3%) 
 

    Past user 4310 (18.3%) 301 (17.0%) 305 (19.9%) 
 

    Current user 9078 (38.5%) 662 (37.4%) 441 (28.8%) 
 

Reported using anti-diabetic 

medications 2246 (9.5%) 268 (15.2%) 260 (17.0%) 

<0.001 

Reported using anti-hypertension 

medications 7089 (30.0%) 651 (36.8%) 548 (35.7%) 

<0.001 

    
 

Reported using anti-hyperlipidemic 

medications 7301 (30.9%) 506 (28.6%) 521 (34.0%) 

0.004 

Reported using erythropoietins 64(0.04%) 7(0.40%) 1(0.07%) 
<0.001 

Note: Chi-square test was used to examine the association between baseline characteristics and hemoglobin 

concentrations.  
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Table 14: Age-standardized Mortality Rate by Hemoglobin Concentrations among 

the Postmenopausal Women with Prior CVD or CHF at the Enrollment 

 Normal  

(N= 23,626) 

Anemia 

(N=1,769 ) 

Extremely high  

(N=1,534 ) 

 No. of 

Events 

Mortality rate  

(95% CI) 

No. of 

Events 

Mortality rate  

 (95% CI) 

No. of 

Events 

Mortality rate  

 (95% CI) 

Women with prior CVD  

(n=26,408) 

      

    Total death 3528 14.68 

(14.17 – 15.16) 

451 27.21 

(24.69 – 29.73) 

362 23.74 

(21.29 – 26.22) 

    Death from CVD 1289 5.37 

(5.08 – 5.66) 

157 9.46  

(8.00 – 10.92) 

122 7.89 

(6.50 – 9.31) 

Women with prior CHF 

(n=1,501) 

      

    Total death 410 37.77 

(34.11 – 41.38) 

89 76.99 

(61.03 – 92.99) 

52 57.16 

(41.64 – 72.72) 

    Death from CVD 200 18.41 

(15.85 – 20.97) 

30 25.97 

(16.66 – 35.25) 

18 19.83 

(10.67 – 29.00) 
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Table 15: Hazards Ratios of Cardiovascular Death Associated with Hemoglobin 

Groups among the Postmenopausal Women 

 Model 1 Model 2 Model 3 

 HR 95%CI HR 95%CI HR 95%CI 

Women with prior CVD  

(n=26,408) 

      

    Normal  1.00 - 1.00 - 1.00 - 
    Mild anemia 1.75 1.46 - 2.10 1.51 1.26 - 1.82 1.48 1.21 - 1.80 

    Moderate/severe anemia 3.07 2.24 - 4.23 2.59 1.88 - 3.57 1.90 1.31 - 2.75 

    Extremely high 1.58 1.32 - 1.90 1.56 1.30 - 1.87 1.32 1.09 - 1.61 

Women with prior CHF 

 (n=1,501) 

      

    Normal  1.00 - 1.00 - 1.00 - 
    Mild anemia 1.34 0.86 – 2.08 1.37 0.88 - 2.14 1.20 0.72 - 2.01 

    Moderate/severe anemia 2.65 1.44 – 4.87 3.03 1.64 - 5.61 2.01 1.00 - 4.05 

    Extremely high 1.14 0.71 - 1.83 1.10 0.68 - 1.76 0.96 0.57 - 1.61 

   Model 1: univariate Cox model 

   Model 2: multivariable Cox model with age and ethnicity adjusted 

   Model 3: multivariable Cox model with adjustment for age, ethnicity, family income, general health status, years 

since menopause, alcohol drinking, diabetes, anti-diabetes medication, and systolic blood pressure 
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Table 16: Hazards Ratios of All-cause Death Associated with Hemoglobin Groups 

among the Postmenopausal Women 

 Model 1 Model 2 Model 3 

 HR 95%CI HR 95%CI HR 95%CI 

Women with prior CVD  

(n=26,408) 

      

    Normal  1.00 - 1.00 - 1.00 - 
    Mild anemia 1.75 1.57 - 1.96 1.59 1.42 - 1.78 1.57 1.39 - 1.78 

    Moderate/severe anemia 3.43 2.84 – 4.14 3.08 2.55 - 3.73 2.56 2.08 - 3.15 

    Extremely high 1.70 1.53 - 1.89 1.65 1.48 - 1.84 1.49 1.33 - 1.67 

Women with prior CHF 

 (n=1,501) 

      

    Normal  1.00 - 1.00 - 1.00 - 
    Mild anemia 1.71 1.30 - 2.26 1.68 1.27 - 2.23 1.54 1.12 - 2.10 

    Moderate/severe anemia 3.94 2.75 - 5.66 4.47 3.10 - 6.46 3.39 2.27 - 5.07 

    Extremely high 1.53 1.15 - 2.05 1.52 1.14 - 2.03 1.27 0.92 - 1.76 

   Model 1: univariate Cox model 

   Model 2: multivariable Cox model with age and ethnicity adjusted 

   Model 3: multivariable Cox model with adjustment for age, ethnicity, family income, general health status, years 

since menopause, alcohol drinking, diabetes, anti-diabetes medication, and systolic blood pressure 
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Figure 9: Causes of Deaths in the Postmenopausal Women with Prior CVD Events 

(%) 
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Figure 10: Cumulative Incidence of Cardiovascular Death  
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Figure 11: Estimated HRs of Cardiovascular Death by Continuous Hemoglobin 

concentration 
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Figure 12: Estimated HRs of All-cause Death by Continuous Hemoglobin 

Concentration 
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CHAPTER 8: HEMOGLOBIN CONCENTRATION AND LEFT VENTRICULAR 

HYPERTROPHY 

 

Introduction 

 

        Left ventricular hypertrophy (LVH) is associated with increased risk of adverse 

cardiovascular outcomes including stroke, angina, myocardial infarction (MI), congestive 

heart failure, and cardiovascular deaths [19-22]. LVH has been considered a target organ 

change caused by hypertension. However, recent studies have suggested that the 

association between LVH and cardiovascular disease (CVD) is not fully explained by 

hypertension and LVH is a risk factor for CVD [41]. For example, among subjects 

without hypertension, LVH was still associated with death from coronary heart disease 

[19]. Furthermore, LVH may increase the risk of hypertension among normotensive 

adults [42].   

       Anemia may cause a series of cardiovascular changes, and LVH has been suspected 

to play an important pathophysiological role in the process. Theoretically, chronic anemia 

may induce the decrease of blood viscosity which in turn increases venous return, and 

then increases the cardiac output by increasing the preload and decreasing the afterload. 

In the long term, it may result in development of ventricular dilation, increased left 

ventricular mass (LVM) and LVH [60-62]. On the other hand, elevated hemoglobin or 

hematocrit can increase blood viscosity and peripheral resistance [99], and result in 

increase of cardiac strain and left ventricular wall growth [100]. 

      The association between anemia and LVH has been mainly investigated in patients 

with chronic kidney disease. Low hemoglobin concentration was related to an increased 
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left ventricular mass index [38, 101]. To our knowledge, the association between 

hemoglobin concentration and LVH has not been well characterized in the general old 

women population, among whom both anemia and LVH are not uncommon and the 

prevalence keeps increasing with aging. In this study, we conducted a cross-sectional 

analysis in Women’s Health Initiatives (WHI) study to examine the association between 

hemoglobin concentration and LVH in postmenopausal women without prior CVD. Our 

primary hypothesis was that abnormal hemoglobin concentrations (either anemia or 

hemoglobin higher than normal level) are associated with a higher risk of LVH in old 

women population without prior CVD.  

 

Methods 

Participants 

 

       The WHI study is the largest prospective cohort study investigating the major causes 

of death and disability in postmenopausal women. It was composed of three clinical trials 

(CT) and one observational study (OS) with the primary outcomes focusing on heart 

disease, osteoporosis fractures, and breast and colorectal cancer. Between 1993 and 1998, 

the WHI enrolled 161,808 postmenopausal women from 40 clinical centers across the 

U.S. The general criteria for inclusion included being postmenopausal aged 50-79 years, 

being able and willing to provide written informed consent, and having intended to 

remain in the study area for at least 3 years. Women were excluded if they had any 

medical condition with predicted survival of less than 3 years, or if they had conditions 

that could affect adherence and retention (alcohol and/or drug dependency, mental 
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illness, dementia), or if they were participating in other clinical trials. Details of the study 

design and methods have been published elsewhere [66, 67, 70].  

      For the present study, women were excluded if they had prior cardiovascular disease 

at the enrollment, or missing electrocardiogram (ECG) records and hemoglobin 

measurements. A total of 57,551 postmenopausal women who were enrolled in the CT 

comprised the sample for the present study.  

 

LVH Measurements 

 

       Standard 12-lead ECGs were recorded for all CT women by strictly standardized 

procedure at baseline. Identical electrocardiograph equipment (MAC PC, Marquette 

Electronics) was used in all clinical centers. All ECGs were transmitted to the central 

electrocardiography center (EPICARE Center, Wake Forest University, NC), for quality 

checking and classification.  

       The diagnosis of LVH was based on two commonly used ECG criteria in clinical and 

epidemiological studies: Cornell voltage and Minnesota code [102]. A woman was 

classified as having LVH if the sum of the R wave in lead aVL and the S wave in lead V3 

was ≥ 22mm using Cornell voltage criterion. The Minnesota Code for LVH was based on 

class 3.1(RV5/V6>26mm, RI/II/III/aVF>20mm, or RaVL>12mm) or 3.3 

(20mm>RI>15mm, or RV5/6 plus SV1>35mm) [103]. Although variability was noted in 

predicting LVH between the two criteria, each derived LVH could predict cardiovascular 

mortality significantly and implies they carries different prognostic information [102, 

104-106].      
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Hemoglobin Assessment  

 

     Blood samples were drawn from the participants at the time of enrollment. 

Participants were asked to fast for at least 12 hours, refrain from smoking for at least one 

hour before blood draw, and avoid performing of vigorous physical activity for at least 8 

hours before the blood draw. After collection, blood samples were refrigerated and 

shipped to the WHI certificated clinical lab nearby the clinical center. Hemoglobin 

concentration was measured by the trained technician using the standard procedure.  

     In this study, two categorical variables were generated for hemoglobin concentrations 

for different analyses. For descriptive analysis, 3 categories were classified: normal 

(12g/dl≤hemoglobin≤15g/dl), anemia (hemoglobin<12g/dl) and extremely high 

hemoglobin (EHH) (hemoglobin>15g/dl). Anemia was defined according to the widely 

used WHO criteria. EHH was arbitrarily defined after considering the findings in 

association between hemoglobin concentrations and all-cause mortality in chronic heart 

failure patients[44, 53-55, 63]. For modeling analyses, more categories of low 

hemoglobin concentrations were classified to address the severity of anemia. Since very 

few participants (n=45) in this cohort suffered from severe anemia (hemoglobin<10g/dl), 

we classified low hemoglobin concentrations into two categories: mild anemia 

(hemoglobin>=11 and <12g/dl), moderate or severe anemia (hemoglobin<11g/dl). 

Assessment of Covariates 

 

        Demographic characteristics, physical measurement, and medical history were 

collected at the enrollment of the study.  Information on age, race and ethnicity, family 

income, education, years since menopause, medical insurance, general health status, 
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hospitalization, diabetes, emphysema, hypertension history, high cholesterol history, 

smoking, alcohol drinking, physical activity, medication (antihypertensive medication, 

lipid-lowering drug, anti-diabetes medication, aspirin, oral contractive drug, and 

hematopoietic growth medication), nutritional supplement intake ( iron, folic acid, and 

Vitamin B12) was assessed from self-reported questionnaire.  

        Height, weight, waist circumference, and blood pressure were measured by trained 

technicians according to standard procedure. Height was measured to the nearest 0.1 

centimeter using a wall-mounted stadiometer. Weight was measured to the nearest 0.1kg 

on a balanced beam scale with the participant dressed in indoor clothing without shoes. 

Body mass index was calculated as weight (kg) divided by the square of height (m). 

Waist circumference was measured to 0.1 centimeter using a measuring tape. Systolic 

and diastolic blood pressures were measured to the nearest 0.1 mmHg using a 

sphygmomanometer.  

       Several serum biomarkers were measured in a portion of the participants. Of them, 

serum HDLC, LDLC, insulin, triglyceride were measured in 13,186 multi-ethnic women. 

Creatinine and CRP were measured in 3,678 African American and 1,666 Hispanic 

women.     

 

Statistical Analysis 

 

        Baseline characteristics were compared using Chi-square test or ANOVA between 

hemoglobin groups. The prevalence of LVH, defined by Cornell voltage and Minnesota 
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code separately, was presented by hemoglobin group for each ethnicity group and age 

group, and relevant comparisons were conducted using chi-square test. 

       Logistic regression models were fit to estimate odds ratios for the association 

between LVH and hemoglobin concentrations. Potential effect modifications from age, 

ethnicity, blood pressure and other traditional cardiovascular risk factors were examined 

by using log-likelihood ratio test, and none of them was statistically significant. To 

remove confounding, the covariates listed above were examined and controlled for when 

it was applicable. A covariate was considered as a confounder if it caused at least 10 

percent change in the odds ratio (OR) of LVH between logistic models with and without 

the covariate. A sequential strategy was applied in the modeling process. First, the 

unadjusted ORs for hemoglobin groups were estimated by a univariate logistic regression 

model (Model 1). Second, the systolic blood pressure-adjusted ORs for hemoglobin 

groups were estimated by a multivariable logistic model including hemoglobin groups 

and systolic blood pressure as covariates (Model 2). Third, age and ethnicity were added 

to Model 2 to evaluate the impact of age and ethnicity on differences in ORs of LVH 

between hemoglobin groups (Model 3). Finally, a full logistic model was fit by including 

all identified confounding factors (Model 4). 

        Sensitivity analyses were conducted in the participants who had serum HDLC, 

LDLC, insulin, triglyceride, or creatinine and CRP to see whether these serum 

biomarkers affect the association between hemoglobin concentrations and LVH.    

        All tests were 2-sided, and P<0.05 was considered statistically significant. All 

analyses were performed in STATA version 11.2 (Statacorp, College Station, TX).  
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Results 

Baseline Characteristics    

    

       A total of 57,551 postmenopausal women who had baseline hemoglobin 

measurement and ECG records were included in this study. Of them, 2,600 (4.5%) had 

anemia (hemoglobin concentration lower than12g/dl), and 3,033 (5.3%) had hemoglobin 

concentration higher than 15g/dl (EHH).  

      Baseline characteristics by hemoglobin groups are presented in Table 17. Women in 

the anemia and higher hemoglobin groups were slightly older and heavier than their 

counterparts in the normal group. The anemia group had a large percentage of African 

American (31.4%), compared to normal group (9.2%) and higher hemoglobin group 

(3.9%). The higher hemoglobin group had the largest mean systolic and diastolic blood 

pressure (130.9 mmHg and 78.4 mmHg respectively), compared to normal group (127.4 

mmHg and 76.0 mmHg) and anemia group (127.2 mmHg and 74.5 mmHg). The higher 

hemoglobin group also had a larger percentage of current smoker (23.8% vs. 7.2% and 

4.5%), and history of emphysema (5.4% vs. 3.0% and 3.0%) than normal and anemia 

groups. 

Prevalence of LVH  

 

     Table 18 shows that the prevalence of LVH varied a little by the LVH defining 

criteria. The Minnesota code criterion yielded a higher prevalence of LVH across 

hemoglobin levels compared to the Cornell voltage criterion. The group with anemia had 

higher prevalence of LVH than the normal group by both criteria (4.2% by the Cornell 
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voltage and 7.7% by the Minnesota code).  However, comparisons of higher hemoglobin 

and normal groups were opposite using the two criteria: Cornell voltage-defined LVH 

was higher in higher hemoglobin group (4.0%) than in the normal group (2.8%), which 

was different from Minnesota code-defined LVH (4.6% in the normal group and 5.1% in 

higher hemoglobin group). 

     Figure 13 and 14 show the prevalence of LVH (Cornell voltage criterion) in 

hemoglobin groups by ethnicity or age group. The Prevalence of LVH increased with 

advancing age. The prevalence in normal group doubled from 2.0% among the 50 to 59 

years old group to 4.5% among the 70 to 79 years old group. African American had the 

highest prevalence of LVH (6.6% in the normal group), and non-Hispanic White had the 

lowest (2.4% in the normal group). In each age and ethnic group, anemia and higher 

hemoglobin groups had higher prevalence of LVH compared to the normal group.  

 

Association between Hemoglobin Concentrations and LVH 

 

     Table 19-20 show results from logistic regression models. The association between 

anemia and LVH was similar irrespective of ECG criteria. In the univariate logistic 

analysis, LVH was statistically significantly associated with lower hemoglobin in the 

postmenopausal women. For example, the odds ratios of Cornell voltage-defined LVH 

were 1.45 (95% CI: 1.18-1.79) for mild anemia (11 g/dl≤ hemoglobin <12 g/dl), and 1.92 

(95% CI: 1.09-3.37) for moderate/severe anemia (hemoglobin <11 g/dl). After adjusting 

for systolic blood pressure (Model 2), the odds ratio changed slightly to 1.47 (95% CI: 

1.19-1.82) for mild anemia, and 1.85 (95% CI: 1.05-3.26) for moderate/severe anemia for 
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Cornell voltage-defined LVH. In the final logistic model, which adjusted for age, 

ethnicity, height, weight, history of cardiovascular disease, history of hypertension, 

systolic blood pressure, smoking, and cigarette per day, the odds ratios decreased to 1.13 

(95% CI: 0.90-1.41) for mild anemia, and 1.35 (95% CI: 0.76-2.40) for moderate/severe 

anemia for Cornell voltage-defined LVH, and they were no longer statistically 

significant.  

      For the association between EHH and LVH, the odds of the Cornell voltage-defined 

LVH were statistically associated with higher hemoglobin (hemoglobin>15 g/dl), and 

odds ratio was consistently greater than 1.0 across statistical models. However, an 

opposite association was found using the Minnesota code-defined LVH: odds ratio of 

Minnesota code-defined LVH was lower than 1.0, but the association did not reach 

statistical significance.  

     In sensitivity analysis, we also tested serum biomarker such as cholesterol, creatinine 

and CRP. No statistical significances were observed for interaction terms of these 

variables with hemoglobin.  After controlling them in the logistic models, the coefficients 

of hemoglobin concentrations got slightly smaller, but it didn’t change the statistical 

significance and still showed the same direction (data not shown). 

Discussion 

 

        In this cross-sectional analysis we found that the prevalence of LVH was about 50% 

higher in women with anemia than in women with normal hemoglobin level (p<0.001). 

The results of logistic regressions also suggested that anemia was associated with at least 
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10% increased risk of LVH, although the association was no longer statistically 

significant after adjusting for other confounding factors. 

      We observed difference in estimating prevalence of LVH between the Cornell voltage 

and the Minnesota code criteria. Minnesota code estimated higher prevalence of LVH 

across hemoglobin groups. An opposite association was observed between EHH and 

LVH in this study using the two criteria. Specifically, using Cornell voltage criterion 

showed that women in the EHH group were more likely to suffer from LVH. However, 

using Minnesota code showed that odds of LVH were lower in EHH group compared to 

normal group. One possible explanation for the difference might be that Minnesota code 

method is not gender-specific and might underestimate prevalence of LVH associated 

with elevated hemoglobin concentration. 

       The findings of this study are consistent with literature showing an increased risk of 

LVH associated with anemia. Association between anemia and LVH has been mainly 

investigated in patients with CKD. Anemia and LVH was highly prevalent in patients 

with moderate CKD [38, 107], and decline of hemoglobin was related to increase of left 

ventricular mass index [38]. Foley estimated that the odds of LVH increased by 46% with 

a 1 g/dl decrease in hemoglobin concentration [108]. Several other studies suggested that 

correction of anemia could diminish the prevalence of LVH among patients with chronic 

renal insufficiency [109-111]. Although limited studies have assessed the association of 

hemoglobin and LVH in the general population, the results also suggested that lower 

hemoglobin or hematocrit is associated with increased risk of LVH [112, 113]. In a study 
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with 1769 women from the Framingham study, left ventricular mass index increased 1.8 

g/m2 for each 3% decrease in hematocrit [112].  

        Schunkert suggested a U-shaped relationship between hematocrit and LVM[113], 

which was confirmed by the result using Cornell voltage criterion in this study, but not by 

the Minnesota code. The effect of anemia on the development of LVH has been 

explained by hemodynamic changes to compensate for tissue hypoxia, such as  increased 

cardiac output, decreased blood viscosity, decreased vascular resistance, and arterial 

dilatation [61, 62].  The LVH associated with chronic anemia is dominated by eccentric 

growth, characterized by an increase of cavity size [37]. On the other hand, elevated 

hemoglobin or hematocrit is associated with an increase in blood viscosity and peripheral 

resistance. The left ventricle needs to sustain higher afterload to eject blood, resulting in 

concentric LVH: an increase in left ventricular wall thickness [38, 114].  

        ECG has been widely used to identify LVH in epidemiological studies because it is 

simple and cheap. However, recent studies have doubted its accuracy [105, 115, 116].  

Compared to standard echocardiography, the sensitivity of LVH diagnosis by ECG 

criteria ranged from 16% to 46%, the specificity ranged from 78% to 92% [117, 118]. 

The poor sensitivity can lead to at least moderate amount of misclassification, which can 

under-estimate the association we are interested if they were non-differential or even 

change the direction of the association if they were differential. Unlike echocardiogram 

which measures LVM directly, ECG cannot distinguish between eccentric LVH and 

concentric LVH, which might be associated with different level of hemoglobin 

concentrations. LVH derived by ECG relies on electrical signal on the  skin, which is 
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affected by both voltage generation and transmission [119]. Declined voltage generation 

is commonly noted when myocytes are impaired in myocardial infraction, myocarditis 

and other infiltrative disorders. In this situation, increased LVM contributed to fibrotic 

tissue might not be reflected by surface voltage changes [117, 120]. Signal transmission 

can be attenuated by a number of factors affecting impedance (resistance), such as 

increased distance, fluid, or adiposity between the myocardium and the surface 

electrodes. LVH might be underestimated if the person has chronic obstructive 

pulmonary disease, obesity, pulmonary edema, pericardial effusion or anasarca [117].  

        Due to the cross-sectional nature of the data, the temporal sequence of hemoglobin 

concentration and LVH cannot be determined in this study. Information on CKD and 

renal function has not been available in this study. Meanwhile, the underlying causes of 

anemia could not be identified in this study, we canon determined whether the observed 

association between anemia and LVH varies by different types of anemia, in case when 

the causes of anemia might also contribute to LVH through other paths. Information on 

renal function was not measured for most of participants in the WHI study, and only 

available a small portion of minority ethnic groups. It is possible that those factors might 

affect LVH through other pathways and then confound or modify the association between 

hemoglobin and LVH [82-84]. Although the result from the sensitivity analysis showed 

that the association of hemoglobin concentration and LVH were almost same after 

adjustment of serum creatinine, further studies are warranted to examine the association 

of renal function, anemia, and LVH in non-Hispanic Whites and other ethnic population.  
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       The study has some potential clinical implications. CVD remains the leading cause 

of death in the United State, and anemia is a modifiable condition. We have previously 

observed that abnormal hemoglobin concentrations (lower or higher hemoglobin) were 

associated with increased risk of cardiovascular disease in postmenopausal women. 

Better understanding the mechanism of anemia and cardiovascular disease is important to 

reduce CVD in the earlier stage. 

      In conclusion, this study suggested that anemia and hemoglobin higher than 15g/dl 

might be associated with an increased risk of LVH. Additional longitudinal studies with 

more accurate diagnosis of LVH are needed to test this finding.  
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Table 17: Baseline Characteristics (Mean ± SD or N(%)) of the Study Participants by 

Hemoglobin Groups (Manuscript #3) 

Characteristics 

Normal 

(n=51,918) 

Anemia 

(n=2,600) 

Higher 

hemoglobin 

(n=3,033) P value 

Age  62.3 ± 7.0 62. 4 ± 7.2 63.1 ± 7.0 <0.001 
Years since menopause 14.5 ± 9.4 15.2 ± 9.6 15.6 ± 9.5 <0.001 
Height (cm) 161.9 ± 6.5 161.8 ± 6.6 161.8 ± 6.8 0.481 
Weight (Kg) 75.6 ± 16.3 76.0 ± 18.1 78.0 ± 16.7 <0.001 
Waist circumference (cm) 88.3 ± 13.5 87.4 ± 14.3 92.3 ± 14.4 <0.001 
Ethnicity    <0.001 
   White 42696 (82.4%) 1600 (61.8%) 2667 (88.1%)  
   Black 4745 (9.2%) 812 (31.4%) 119 (3.9%)  
   Hispanic 2338 (4.5%) 88 (3.4%) 117 (3.9%)  
   Native American 192 (0.4%) 14 (0.5%) 14 (0.5%)  
   Asian/Pacific Islander 1225 (2.4%) 44 (1.7%) 81 (2.7%)  
   Other 606 (1.2%) 32 (1.2%) 29 (1.0%)  
Education    <0.001 
   <High school 834 (1.6%) 49 (1.9%) 49 (1.6%)  
   High school 11390 (22.1%) 557 (21.6%) 754 (25.0%)  
   School after high school 5465 (10.6%) 273 (10.6%) 354 (11.8%)  
   College or higher 33890 (65.7%) 1704 (66.0%) 1857 (61.6%)  
Family income    <0.001 
    <$2000 8185 (16.3%) 478 (19.0%) 556 (18.9%)  
    $20000 to $49000 22583 (45.1%) 1131 (45.1%) 1465 (49.9%)  
    $50000 to $74999 9802 (19.6%) 454 (18.1%) 503 (17.1%)  
    $75000 to more 8328 (16.6%) 381 (15.2%) 343 (11.7%)  
    Don't know 1201 (2.4%) 66 (2.6%) 68 (2.3%)  
General health    <0.001 
   Excellent 9246 (17.92%) 365 (14.1%) 358 (11.9%)  
   Very good 22269 (43.2%) 1008 (38.9%) 1294 (42.9%)  
   Good 16687 (32.3%) 957 (37.0%) 1120 (37.1%)  
   Fair 3217 (6.2%) 245 (9.5%) 231 (7.7%)  
   Poor 187 (0.4%) 15 (0.6%) 17 (0.6%)  
Body-mass index (kg/m2)    <0.001 
    Underweight (< 18.5) 210 (0.4%) 12 (0.5%) 16 (0.5%)  
    Normal (18.5 - 24.9) 14200 (27.5%) 806 (31.2%) 647 (21.5%)  
    Overweight (25.0 - 

29.9) 

18835 (36.4%) 839 (32.5%) 1058 (35.1%)  
    Obesity i (30.0 - 34.9) 11300 (21.9%) 500 (19.3%) 799 (26.5%)  
    Obesity ii (35.0 - 39.9) 4920 (9.5%) 273 (10.6%) 334 (11.1%)  
    Extreme obesity iii 

(>~40) 

2230 (4.3%) 155 (6.0%) 161 (5.3%)  
Smoking status    <0.001 
    Never smoked 26628 (51.8%) 1383 (53.9%) 1251 (41.9%)  
    Past smoker 21040 (41.0%) 1067 (41.6%) 1024 (34.3%)  
   Current smoker 3703 (7.2%) 115 (4.5%) 711 (23.8%)  
Cigarette per day    <0.001 
    0 26628 (52.8%) 1383 (54.7%) 1251 (42.6%)  
    1- 4 5364 (10.6%) 338 (13.4%) 248 (8.4%)  
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    5-14 7779 (15.4%) 356 (14.1%) 500 (17.0%)  
   15-24 6653 (13.2%) 270 (10.7%) 567 (19.3%)  
   >=25 3982 (7.9%) 182 (7.2%) 372 (12.7%)  
Alcohol intake per day    <0.001 
    Non drinker 14351 (27.9%) 929 (36.1%) 868 (28.9%)  
    <=1/day 31650 (61. 5%) 1456 (56.6%) 1750 (58.2%)  
    >1/day 5501 (10.7%) 189 (7.3%) 390 (13.0%)  
Systolic blood pressure 

(mm/Hg) 

127.4 ± 17.2 127.2 ± 17.6 130.9 ± 17.5 <0.001 
Diastolic blood pressure 

(mm/Hg) 

76.0 ± 9.0 74.5 ± 9.4 78.4 ± 9.2 <0.001 
Total met-hours per week 10.8 ± 12.7 10.4 ± 12.8 9.9 ±12.3 <0.001 
Minutes/week spent 

walking 

   <0.001 
    None 23216 (44.9%) 1264 (48.9%) 1499 (49.7%)  
   >0-150 min 22033 (42.6%) 998 (38.6%) 1192 (39.5%)  
   >=150 min 6458 (12.5%) 325 (12. 6%) 325 (10.8%)  
Iron intake (mg) 19.8 ± 18.6 23.8 ± 35.1 18.9 ± 14.7 <0.001 
Vitamin B6 intake (mg) 7.0 ± 27.7 7.1 ± 31.0 6.4 ± 24.8 0.563 
Vitamin B12 intake (mcg) 19.5 ± 65.4 19.1 ± 63.9 17.4 ± 54.6 0.237 
Folic acid intake (mcg) 1268.0 ± 512.3 1220.0 ± 532.5 1240.0 ± 504.3 <0.001 
Had emphysema ever 1347 (3.0%) 70 (3.0%) 146 (5.4%) <0.001 
Had hypertension ever     15939 (30.7%) 871 (33.5%) 1271 (41.9%) <0.001 
Had high cholesterol 

requiring pills 

5044 (11.1%) 257 (10.89%) 291 (10.82%) 0.859 
Diabetes    <0.001 
   No 49215 (94.8%) 2411 (92.8%) 2745 (90.5%)  
   Yes, no current insulin 2160 (4.2%) 139 (5.3%) 245 (8.1%)  
   Yes, currently using 

insulin 

519 (1.0%) 49 (1.9%) 43 (1.4%)  
Reported using anti-

diabetes drug 

3888 (7.5%) 230 (8.8%) 431 (14.2%) <0.001 
Reported using anti-

hypertensive drug 

14352 (27.6%) 733 (28.2%) 1050 (34.6%) <0.001 
Reported using anti-

hyperlipidemic drug 

13229 (25.5%) 585 (22.5%) 868 (28.6%) <0.001 
Reported using 

erythropoietin 

26 (0.05%) 9 (0.35%) 2 (0.07%) <0.001 
Reported using  

contraceptive drug     

57 (0.11%) 6 (0.23%) 2 (0.07%) 0.147 
Note: Chi square test was used to examine the association between baseline characteristics and hemoglobin 

concentrations. Symbol * and ** were used to indicate P<0.05 and P<0.01 respectively. 
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Table 18: The Prevalence of LVH by Hemoglobin Groups 

ECG criteria Normal Anemia EHH P value 

Cornell voltage 

(n= 57,551) 

 

1,476 (2.84%) 

 

109 (4.19%) 

 

121 (3.99%) 

 

<0.001 

Minnesota code 

(n= 57,148) 

 

2,630 (5.10%) 

 

200 (7.73%) 

 

137 (4.55%) 

 

<0.001 
Note: Chi square test was used to examine the association between LVH and hemoglobin concentrations. 
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Table 19: Odds Ratios and 95% CIs of LVH Derived by Cornell Voltage Associated with 

Hemoglobin Concentrations 

Hemoglobin concentrations Odds ratio (95% confidence interval) 

Model 1 Model 2  Model 3 Model 4 

    Normal 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 

 

    Mild Anemia 1.45  

(1.18 – 1.79) 

1.47  

(1.19 – 1.82) 

1.11    

(0.89 – 1.31) 

1.13  

(0.90 – 1.41) 

    Moderate/severe Anemia 1.92  

(1.09 – 3.37) 

1.85  

(1.05 – 3.26) 

1.34   

(0.75 – 2.38) 

1.35 

 (0.76 – 2.40) 

   EHH 1.42  

(1.17 – 1.72) 

1.26 

 (1.04 – 1.52) 

1.37   

(1.13 – 1.67) 

1.32  

(1.09 – 1.61) 
Note: 

Model 1:  Univariate logistic model 

Model 2:  Multivariable logistic model, adjusted for systolic blood pressure 

Model 3:  Multivariable logistic model, adjusted for systolic blood pressure, age and ethnicity 

Model 4:  Multivariable logistic model, adjusted for systolic blood pressure , age, ethnicity, height, weight, 

history of cardiovascular disease, history of hypertension, diastolic blood pressure, systolic blood pressure, 

smoking, and cigarette per day 

 

 

 

 

Table 20: Odds ratio of 95% CIs of LVH Derived by Minnesota code Associated with 

Hemoglobin Concentrations 

Hemoglobin 

concentrations 

Odds ratio (95% confidence interval) 

Model 1 Model 2 Model 3 Model 4 

    Normal 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 

 

    Mild Anemia 1.54  

(1.32 – 1.81) 

1.58 

 (1.35 – 1.86) 

1.11      

(0.94 – 1.31) 

1.12  

(0.94 – 1.32) 

    Moderate/severe Anemia 1.66  

(1.05 – 2.63) 

1.60  

(1.00 – 2.55) 

1.09    

(0.68 – 1.75) 

1.02 

 (0.63 – 1.67) 

   EHH 0.89  

(0.75 – 1.06) 

0.78  

(0.65 – 0.93) 

0.88    

(0.74 – 1.05) 

0.86  

(0.71 – 1.02) 
Note: 

Model 1:  Univariate logistic model 

Model 2:  Multivariable logistic model, adjusted for systolic blood pressure 

Model 3:  Multivariable logistic model, adjusted for systolic blood pressure, age and ethnicity 

Model 4:  Multivariable logistic model, adjusted for systolic blood pressure, age, ethnicity, height, weight, 

history of cardiovascular disease, history of hypertension, smoking, and cigarette per day 
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Figure 13: Prevalence of LVH (Cornell Voltage Criterion) by Hemoglobin and Age 

Groups 

 
 

 

 

 

Figure 14: Prevalence of LVH (Cornell Voltage Criterion) by Hemoglobin and Ethnic 

Groups 
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CHAPTER 9: OVERALL CONCLUSION 

 

 

    The findings from these studies of the WHI participants show that, abnormal 

hemoglobin concentration (both anemia and EHH), is associated with an increased risk of 

LVH, CVD, cardiovascular death and all-cause death in postmenopausal women. The 

results from continuous or categorical hemoglobin variable consistently suggested a U 

shaped relationship between hemoglobin concentration and CVD outcomes. Among 

women without prior CVD, anemia and EHH were associated with higher incidence risk 

of CVD events; Among women who already had CVD, anemia and EHH would 

aggravated their progress and were associated with higher hazards of death.   

      In the analysis of hemoglobin concentration and LVH, we also observed a similar U 

or J shaped relationship. Although the analysis was based on cross-sectional data, the 

consistent relationship infers hemodynamic change might be one reasonable mechanism 

to explain the association between hemoglobin concentration and CVD events.  

      As discussion in the previous chapters, hemodynamic change is an adaptive change to 

decrease or increase of hemoglobin concentration. In anemia status, cardiac output has to 

increase to meet the oxygen need from body tissue. The relevant changes include increase 

of heart rate, decrease of blood viscosity and peripheral pressure. The continued increase 

of preload would finally result in eccentric growth of left ventricular. The hemodynamic 

change has been estimated to happened only in hemoglobin concentration <10 g/dl. 

Tissue hypoxia could be compensated entirely through non-hemodynamic change such as 

increase of EPO production and oxygen extraction capacity when hemoglobin 

concentration >10 g/dl [61]. However, these studies suggested that even a hemoglobin 
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concentration >10 g/dl was associated with higher odds of LVH, and predicted greater 

hazards of cardiovascular outcomes. That disparity might be explained by decrease of 

renal function in aging process, resulting in decrease in capacity of EPO production and 

less sensitivity to change of hemoglobin concentration. The non-hemodynamic change is 

less effective and hemodynamic change occurs earlier to compensate oxygen needs.  

      Compared to anemia, EHH has accumulated much less attention. Until now, there is 

no unique definition of EHH, and previous studies on hemoglobin and all-cause mortality 

in CHF patients suggested cutoff values for defining EEH ranged from 14-17 g/dl [10, 

44, 53, 56]. In these studies, we arbitrarily defined EHH as hemoglobin 

concentration>15g/dl. Results from continuous and categorical variables analyses 

supported this definition. The current studies suggested that EHH is also a common 

health problem in those menopausal women. The prevalence of EHH in the total 

population was around 5%, and increased with age. Similar to anemia, EHH could 

increase hazards of cardiovascular outcomes through hemodynamic change. High 

hemoglobin concentrations result in increased blood viscosity with increased peripheral 

resistance and decreased cardiac output, and finally results in concentric growth of left 

ventricular.  

      One of the interesting findings in these studies is that the association between 

hemoglobin concentration and incidence CVD events varied by age group. The 

interaction term of age and hemoglobin concentration was statistically significant at the 

0.05 significance level. The age difference in hemoglobin associated cardiovascular 

hazards was significant for the EHH group. Cardiovascular risk increased rapidly with 
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increasing hemoglobin concentrations within the EHH range in age group 50-59, but 

much less steeply in women aged 70-79. For the association between anemia and incident 

CVD events, the age effect was less obvious. The interaction term with anemia did not 

reach statistically significance, and only some magnitude difference in hazards ratio 

between age groups was observed. 

      Since anemia and EHH are both modifiable conditions, the research findings from 

these studies will have significant clinical relevance and public health implications. 

Examination of hemoglobin concentration and diagnosis of LVH will help to identify 

high-risk groups for CVD in the elderly women. Correction of anemia and EHH should 

benefit both elderly women with and without prior CVD.  

Overall Strengths and Limitations 

 

     One primary limitation of these studies is that prior CVD was defined according to 

self-reported questionnaire. Participants were excluded or included in these studies 

mainly based on whether they had prior CVD or not. This may have introduced 

misclassification. However, this misclassification is more likely to be non-differential 

since there is no reason to suspect hemoglobin status would influence errors in self-

reporting. Another primary limitation is the low sensitivity of ECG method for diagnosis 

of LVH, which was described in the chapter 8. 

        Our study has several strengths. The WHI study included more than 120,000 

postmenopausal women enrolled from 40 clinical centers across the United States. The 

large sample size and composition of multiple race and ethnicity increase the 

generalizability. Meanwhile, CVD is one of the primary health outcomes in the WHI 
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study. The events were collected using standardized procedures and were adjudicated by 

the WHI certificated clinical centers. A large number of participants’ characteristics were 

also well characterized using standard questionnaires or physical examinations. It 

provides a good resource to assess the relationship between hemoglobin concentration 

and cardiovascular risk in postmenopausal women.  

Future Directions 

 

      One of the questions the findings in these studies lead to is the mechanism involved 

in the association between abnormal hemoglobin concentrations and cardiovascular 

outcomes. As mentioned in chapter 4, this association might be due to hemodynamic 

change, which induces LVH in the relevant pathological progress. In chapter 8, we 

examined the association hemoglobin concentration and LVH, and result supported our 

hypothesis. However, it was a cross-sectional study which could not determine a 

temporal sequence, and poor sensitivity for ECG damage the creditability of the result. 

Additional studies with perspective study design and better diagnosis of LVH should be 

performed to further examine that association. 

       Inflammation is associated with increased cardiovascular risk, and can cause anemia 

through iron sequestration, inhibition of erythroid precursors, and decreased renal 

production of erythropoietin. In the WHI study, only one inflammatory biomarker, CRP, 

was measured in a small portion of the participants at the baseline. Although the 

sensitivity analysis conducted showed that including CRP as a covariate won’t change the 

association of hemoglobin concentration and CVD outcomes, it will be of interest to see 
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if other inflammatory cytokines such as IL-6, TNF-α can help to explain the association 

of hemoglobin concentration and CVD events in a large follow-up study. 

       Our studies were performed in the postmenopausal women. It will also be interested 

to see if a similar association can be also observed in elderly man.   

 

Conclusions 

 

These studies provide evidence of negative effects of abnormal hemoglobin 

concentrations on cardiovascular outcomes in postmenopausal women. The long-term 

goal of this dissertation was to better understand cardiovascular risk associated with 

hemoglobin concentration in elderly women, to provide preventive approaches for 

reducing incidence and improving prognosis of CVD. Based on this dissertation, clinical 

examination of hemoglobin concentration, and effective correction of abnormal 

hemoglobin concentration, will be helpful in the prevention of adverse cardiovascular 

outcomes.  
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APPENDIX A: Description and Frequency of WHI Questionnaires 
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Frequency of Data Collection 

  Screening 
CT and OS 

CT OS 

Form 
# 

Form Name SV 
0 

SV
1 

SV
2 

SV
3 

4-6 
wk 

6 
m 

1
Yr 

4
wk

6
m 

2 
Yr 

6
m 

3
Yr 

6 
m 

4 
Yr 

6
m 

5
Yr 

6
m 

6
Yr 

6
m 

7
Yr 

6
M 

8 
Yr 

6
m 

9
Yr 

Close
Out 

An-

nual

3
Yr

6
Yr

9 
Yr 

2 Eligibility Screen X                             
4 HRT Washout  H                            

10 HT Manage/Safety Interview     H H H  H H H H H H H H H H H H H H H H H     
17 CaD Manage/Safety Interview        C C C C C C C C C C C C C C C C C C     
20 Personal Information  X X X                            
25 Participant Treatment 

Assignment – HT1
                             

28 Participant Treatment 
Assignment – CaD 

                        X     

30 Medical History  X                            
31 Reproductive History   X                           
32 Family History    X                          
33 Medical History Update      X X  X X X X X X X X X X X X X X X X X X    
34 Personal Habits    X                          
35 Personal Habits Update       X     X      X      X      
37 Thoughts & Feelings   X X                           
38 Daily Life       X     %      %      %   X   
39 Cognitive Assessment    %H   %H     %H      %H      %H      
40 Addendum to Medical History1                              
41 Addendum to Personal Info1                              
42 OS Questionnaire1   O                           
43 Hormone Use Interview  X                            
44 Current Medications  X     X     X      X      X   X   
45 Current Supplements  X     X     X      X      X   X   
48 OS Follow-Up Questionnaire1                              
49 E+P Survey1                             
55 E-Alone Survey1                              
60 Food Questionnaire  X     D   %D  %D  %D  %D  %D  %D  %D  %D   X   
80 Physical Measures  X     X   X  X  X  X  X  X  X  X   X BD  
80 Waist/Hip Measures  X     X     %      %      %   X   
81 Pelvic   H    H   H  H  H  H  H  H  H  H      
82 Endometrial Aspiration   H         %H      %H      %H      
83 Transvaginal Uterine Ultrasound1                              
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  Screening 
CT and OS 

CT OS 

Form 
# 

Form Name SV 
0 

SV
1 

SV
2 

SV
3 

4-6 
wk 

6 
m 

1
Yr 

4
wk

6
m 

2 
Yr 

6
m 

3
Yr 

6 
m 

4 
Yr 

6
m 

5
Yr 

6
m 

6
Yr 

6
m 

7
Yr 

6
M 

8 
Yr 

6
m 

9
Yr 

Close
Out 

An-

nual

3
Yr

6
Yr

9 
Yr 

84 Clinical Breast Exam   HD    H   H  H  H  H  H  H  H  H      
85 Mammogram   HD    H   X  H  X  H  X  H  X  H H     
86 ECG   HD         X      X      X      
87 Bone Density  BD     BD     BD      BD      BD BD  BD BD BD 

90 Functional Status    %HD   %     %      %      %      
92 Pap   H         H      H      H      
100 Blood Collection  X     X     %      %      %   X   

101 Urine Collection  BD     BD     BD            BD   BD  BD 

143 OS Follow-up (Year 3)                           X   
144 OS Follow-up (Year 4)1                              
145 OS Follow-up (Year 5)1                              
146 OS Follow-up (Year 6)                            X  
147 OS Follow-up (Year 7)1                              
148 OS Follow-up (Year 8)1                              
149 Supplement to OS Follow-up1                              

 
1 See description in Baseline and Follow-up Variables table for timing of data collection. 
 
Key: X = All Participants 

D = DM 
H = HRT 
C = CaD 
O = OS 
% = Percentage (subsample) of participants 
BD = Bone Density sites 

 

 

125



 

R:\doc\ext\web\frequency of data collection 6/12/07.doc  Page 3 of 7 

Baseline and Follow-Up Variables 

Form and variables Timing and Subsample Notes 
(See table above for frequency of collection) 

Form 2 - Eligibility Screen -- name; mailing address; telephone numbers and best times to call; date of 
birth; residing in area for next three years; current involvement in other research studies; history of  
cancer (site, diagnosis in past 10 years); ethnicity; recruitment source; hormone use (present, in last 
three months); osteoporosis-related fracture and hormone use as treatment; hysterectomy history; last 
menstrual bleeding; number of meals prepared away from home; special diets (type); history of diabetes, 
deep vein thrombosis, pulmonary embolus, stroke, transient ischemic attack, myocardial infarction; 
history of sickle cell anemia, heart failure, liver disease, bleeding problem; loss of 15 pounds in last six 
months; renal failure requiring hemodialysis; other chronic illness; emotional or mental problems; ability 
to get to clinical center; interest in DM; interest in HRT (willingness to stop current hormone 
medications). 

Updated at final screening contact. 

Form 4 - HRT Washout -- date stopped hormones; assessment of symptoms after stopping (HT for 
those on hormones at initial contact). 

 

Form 10 - HRT Management and Safety Interview -- presence and amount of vaginal bleeding; 
changes in breasts; currently taking medications, or have symptoms, worries, or health changes that 
might require stopping study pills; pill-taking behaviors. 

Required semi-annually and at non-routine 
contracts initiated by participant while HRT 
participants were taking study pills, and for two 
semi-annual contacts after stopping study pills. 

Form 17 - CaD Management and Safety Interview -- presence of gastrointestinal symptoms, 
currently taking medications, or have symptoms, concerns, or health changes that might require stopping 
study pills; pill-taking behaviors. 

Required semi-annually and at non-routine 
contracts initiated by participant while CaD 
participants were taking study pills, and for one 
semi-annual contact after stopping study pills. 

Form 20 - Personal Information --education; employment status; occupation; marital status; partner’s 
education, employment status, occupation; total family income; recent history of mammogram, pelvic 
exam, endometrial aspiration; insurance coverage; serve in armed services. 

 

Form 25 – Participant Treatment Assignment:  Estrogen plus Progesterone/E-Alone – date stopped 
study pills; symptoms when stopped; guess on treatment assignment and reasons. 

For E+P, when intervention stopped July 9, 2002.  
For E-Alone, when intervention stopped in 
February 2004. 

Form 28 – Participant Treatment Assignment CaD -- when stopped study pills, guess on treatment 
assignment and reasons. 

At CaD study close-out October 2004-March 
2005.   

Form 30 - Medical History Questionnaire -- hospitalization history; history of medical conditions; 
history of heart, circulatory, or coagulation problems; history of arthritis, gallbladder disease, thyroid 
disease, hypertension, angina, peripheral arterial disease and related procedures, colonoscopy or 
sigmoidoscopy, stool guaiac; history of cancers (site, age at diagnosis); recent history of falls or 
syncopal episodes; history of fractures (site, age, number). 
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Form and variables Timing and Subsample Notes 
(See table above for frequency of collection) 

Form 31 - Reproductive History -- age at menarche; history of menstrual irregularity and amenorrhea; 
history of menopausal symptoms; history of pregnancy, pregnancy outcomes, infertility; history of 
breast feeding; history of gynecologic and breast surgeries. 

 

Form 32 - Family History Questionnaire -- number of full-blooded sisters and brothers, daughters, 
and sons; parental age or date of death; relatives' history of' diabetes, myocardial infarction, stroke, 
cancers; fractures in parents (site, age). 

 

Form 33 - Medical History Update -- hospitalization since last contact; hospitalization for heart, 
circulatory, or coagulation problems; stroke or transient ischemic attack, number of falls or syncopal 
episodes, fractures update; cancer (type, where diagnosed, hospitalization); mammogram; breast biopsy, 
needle aspiration, or lumpectomy; tests and procedures; electrocardiogram; diagnosis of new conditions; 
hip or other joint replacement. 

 

Form 34 - Personal Habits Questionnaire -- coffee consumption; smoking history; alcohol history; 
weight change; special diets; history of physical activity and exercise (frequency, duration). 

 

Form 35 - Personal Habits Update —physical activity and exercise; alcohol consumption; current 
cigarette smoking. 

 

Form 37 - Thoughts and Feelings -- social support; social integration; care giving; social strain; 
optimism; negative emotional expressiveness; hostility; Form 38 – Daily Life items:  quality of life; 
symptoms; life events; depression; sleep disturbance; urinary incontinence; sexual functioning. 

 

Form 38 - Daily Life -- quality of life; symptoms; life events; depression; sleep disturbance; urinary 
incontinence; sexual functioning. 

6% CT cohort subsample (8.6% HT and 4.3% 
DM; same as Form 80 [for hip/waist] and Form 
100-Blood cohort). 

Form 39 - Cognitive Assessment -- expanded mini mental status examination. HT cohort aged 65 and over. 

Form 40 - Addendum to Medical History Update -- family history of DVT and PE. (2002) Initiated in 2002 and collected once from all CT 
and OS participants at next routine contact. 

Form 41 - Addendum to Personal Information -- racial/ethnic background using 2000 Census 
questions.  (2002) 

Initiated in 2002 and collected once from all CT 
and OS participants at next routine contact. 

Form 42 - Observational Study Questionnaire -- birth weight, birth status, breast feeding at birth; 
coffee/tea consumption; alcohol history; smoking history; history of breast examination, history of 
benign breast disease, recent history of mammogram; history of the use of powders in genital area or on 
sanitary napkins; history of diaphragm; history electric blanket use; religious affiliation; recent history 
of physical activity and exercise (frequency, duration); occupational history; height and weight history, 
weight change; state of residence history. 

 

Form 43 - Hormone Use Interview– current and past hormone replacement (duration, frequency); 
history of oral contraceptive, diethylstilbestrol, depo-provera use. 
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Form and variables Timing and Subsample Notes 
(See table above for frequency of collection) 

Form 44 – Current Medications –.current medication name, form, strength, duration.  

Form 45 – Current Supplements –.current supplement name; vitamin and mineral type, dose, 
frequency, duration.  

 

Form 48 – OS Follow-up Questionnaire (Year 1) -- current weight, recent weight change; current 
food and beverage consumption at meal or snack times, recent use of fats or oils, recent wine 
consumption; current smoking habits; recent history of hormone replacement; history of insecticide 
exposure; history of living with pets; history of computer use (frequency, duration); history of hand-held 
hair dryer use (frequency, duration). 

 

Form 49 - Estrogen Plus Progestin Survey – date stopped; take hormones since stopped and reasons; 
take hormones now; current symptoms and severity; how manage symptoms; depression scale; sexual 
functioning; current medications, natural hormones; quality of life. 

For E+P participants on study through July 8, 
2002, when intervention was; administration 
began in March 2003. 

Form 55 - Estrogen-Alone Survey – current symptoms; how manage symptoms; sexual functioning; 
current medications, natural hormones; take hormones since stopped and reasons; take hormones or 
SERMS now. 

For all E-Alone participants; administered twice:  
first in Jan. 2004 before the intervention was 
stopped on February 28, 2004, and again at close-
out visit.   

Form 60 – Food Questionnaire -- 145 item Food Frequency Questionnaire. Year 2:  30% cross sectional; Year 3,6:  4.3% 
cohort (same as blood subsample) and 5.7% 
repeated cross-sectional; Year 4,5,7:  10% cross-
sectional.  In 2000 implemented subsample so 
each DM participant received a FFQ at least once 
every 3 years.   

Form 80 - Physical Measurements – resting pulse and blood pressure; height, weight; waist and hip 
circumference. 

Waist and hip measurements at Year 3,6, and 9 in 
6% CT cohort subsample (8.6% HT and 4.3% 
DM; same as Form 38-Daily Life and Form 100-
Blood cohort). 
For BD sites, height at OS Year 6. 

Form 81 - Pelvic Exam – physical exam results; presence of cystocele, rectocele; uterine presence, size, 
prolapse; adnexae; follow-up results.   

Not required for E+P participants after July 9, 
2002, when intervention was stopped. 

Form 82 - Endometrial Aspiration – uterine depth; aspiration results; follow-up results. 5% E+P participants with uterus at indicated 
contacts, and at other contacts to manage 
unexpected bleeding.  Not required after July 9, 
2002, when intervention was stopped. 

Form 83 – Transvaginal Uterine Ultrasound – endometrial thickness; pathology results; endometrial 
cavity fluid; follow-up results. 

Done only if endometrial aspiration could not be 
done or was refused.   
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Form and variables Timing and Subsample Notes 
(See table above for frequency of collection) 

Form 84 - Clinical Breast Exam – nipple discharge; skin, axillary, or breast mass; mass size, mobility, 
number; follow-up results. 

Optional for DM participants. 

Form 85 - Mammogram -- summary results, follow-up results.  

Form 86 – ECG – 12 lead ECG   

Form 87 – Bone Density Scan – hip, spine, and whole body scan  Collected only at 3 Bone Density sites; not 
required on enhanced recruitment participants at 
these sites.  Collected at close-out if did not reach 
Year 9.  

Form 90 - Functional Status -- grip strength; chair stand; 6 meter timed walk. 25% CT cohort aged 65 and over.   

Form 92 - Pap Smear -- type cells present; pathology results; follow-up results.   HT women with cervix. 

Form 100 - Blood Collection and Processing -- hematocrit, white blood cell count, platelet count, 
fasting triglycerides (for HT participants if serum lipemic); fasting serum, plasma (citrate and EDTA), 
buffy coat, RBCs for storage; time since ate; physical exercise and aspirin use before blood drawn; time 
drawn, centrifuged, removed from cells, frozen. 

6% CT cohort subsample (8.6% HT and 4.3% 
DM; same as Form 38-Daily Life and Form 80 
[for hip/waist] cohort). 
Hct, platelet count, WBC done only at screening 
on CT and OS participants; triglyceride done on 
HT participants if serum lipemic. 

Form 101 - Urine collection and Processing – first morning void urine for storage; time collected, 
centrifuged, removed to vials, frozen. 

Collected only at 3 Bone Density sites; not 
required on enhanced recruitment participants.   

Form 143 - OS Follow-Up Questionnaire (Year 3) -- recent weight change, figure (weight) 
identification; current physical activity and exercise (frequency, duration); usual activities; past 
strenuous physical activity by age (frequency); recent alcohol consumption, change in alcohol 
consumption habits; recent coffee/tea/water/diet drinks consumption; recent use of fats or oils; current 
smoking, current smoking exposure; current employment status, current marital status, partner’s current 
employment status; total family income; existence and recent use of usual medical care provider, change 
in usual medical provider; choice options in current health insurance coverage, type(s) of current health 
insurance coverage and payment mechanism; recent use of hormone replacement therapy; diagnoses of 
new medical conditions. 

OS Follow-Up Questionnaire not done at Year 2. 
 

Form 144 - OS Follow-Up Questionnaire (Year 4) -- current weight, recent weight change; current 
physical activity and exercise (frequency, duration); exposure and sensitivity to sunlight; current 
smoking; past and present use of artificial sweeteners; recent use of hormone replacement therapy; 
diagnoses of new medical conditions; current marital status. 

 

Form 145 – OS Follow-Up Questionnaire (Year 5) -- current weight, recent weight change; current 
physical activity and exercise (frequency, duration); current smoking; video, video display terminal 
exposure; depression scale; frequency religious practices; recent use of alternative medical treatments; 
current dental health, frequency of professional dental care; recent use of hormone replacement therapy; 
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diagnoses of new medical conditions; current marital status. 

Form and variables Timing and Subsample Notes 
(See table above for frequency of collection) 

Form 146 – OS Follow-Up Questionnaire (Year 6) -- current weight, recent weight change; current 
physical activity and exercise (frequency, duration); usual activities; coffee, tea, soft drink, alcohol 
consumption; current smoking; smoking exposure; existence and recent use of medical care provider, 
status and types of health insurance; use of natural hormones; use of osteoporosis prescription 
medications; recent use of hormone replacement therapy; diagnoses of new medical conditions; family 
history of Alzheimer’s; current employment status; current marital status; family finances. 

 

Form 147 – OS Follow-Up Questionnaire (Year 7) -- current weight; recent weight change; current 
physical activity and exercise (frequency, duration); use of weight loss medications; recent use of 
hormone replacement therapy; diagnoses of new medical conditions; family history of breast cancer; life 
events; parents’ birthplace; current marital status.   

 

Form 148 – OS Follow-Up Questionnaire (Year 8) -- current weight; recent weight change; current 
physical activity and exercise (frequency, duration); current smoking status; use of weight loss 
medications; coffee, tea, soft drink consumption ; recent use SERMS, recent use of hormone 
replacement therapy; diagnoses of new medical conditions; family history of senile dementia; current 
marital status. 

 

Form 149 – Supplement to OS Follow-Up Questionnaire (Year 9) -- care giving responsibilities; life 
events; breast cancer; use of weight loss medications; parents’ birthplace. 

For OS participants who did not reach Year 7 by 
time of closeout. 
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