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ABSTRACT OF THE DISSERTATION

California Statewide Studies to Investigate Medical Conditions and Medication Uses in Relation

to Childhood Cancer and Macular Degeneration

by

Xiaoqging Xu
Doctor of Philosophy in Epidemiology
University of California, Los Angeles, 2017

Professor Beate R. Ritz, Chair

Cancer is the second leading cause of mortality among children in the US, with very few well-
established preventable causes. Since childhood cancers are diagnosed at an early age, it has
been hypothesized that its pathogenesis is initiated during fetal development and possibly fueled
by fetal growth. Indeed, population-based studies have linked various perinatal factors with
childhood cancers. We investigated preeclampsia, a major cause of adverse effects on fetal
health, as a possible risk factor of childhood cancers in a statewide case control study in
California. We obtained childhood cancer cases diagnosed at five years old or younger between
1988 and 2012 from the California Cancer Registry and linked them to birth certificates.
Controls were randomly selected from all California births and frequency matched to cases by

birth year. We obtained information regarding preeclampsia during pregnancy, labor, and



delivery from the medical worksheet of the electronic birth record. We applied causal mediation
analyses to assess the controlled direct effects of preeclampsia on childhood cancers,
independent of preterm delivery and neonatal intensive care unit (NICU) admission. Our
findings suggest that maternal preeclampsia increases risk of some rare childhood cancers,
including seminomas, teratoma and hepatoblastoma, and may shed light on new etiologic factors

for these cancers.

In addition, we examined associations between regular medication use and the risk of age-related
macular degeneration (AMD) using a unique data source of the California Teachers Study
(CTS), of which 133,479 participants were followed both actively with questionnaires from
1995-1996 until the most recent contact in 2012 and passively with linkage to vital statistics,
cancer registries, and hospitalization records. We generated a linked hospital, vital status
(including out of state mortality) and baseline questionnaire dataset for each CTS participant. We
identified diagnoses of AMD from the California Office of Statewide Health Planning and
Development (OSHPD) hospital discharge data. Regular consumption of aspirin, ibuprofen,
acetaminophen and antihypertensive medications were collected in the self-administered
questionnaire and information on specific antihypertensive drugs and anti-inflammatory drugs
were available for subsamples who completed the followup questionnaires in 2000 and 2005

respectively.
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Chapter 1.  Introduction

1.1  Preeclampsia

Definition of Preeclampsia

Preeclampsia/Eclampsia is a complicated multifactorial pregnancy-induced syndrome that occurs
after the 20" week of gestation. Together with gestational hypertension, the continued presence
of chronic hypertension, and superimposed preeclampsia on pre-existing hypertension,
preeclampsia is one of the four categories of hypertensive disorders during pregnancy, which
affect 5%-10% of all pregnancies.* Preeclampsia/Eclampsia is a leading cause of maternal
mortality and morbidity, as well as a major cause of adverse effects on fetal well-being both
worldwide and in the US. Specifically, one third of severe maternal morbidities, 10%-15% of
maternal deaths in low-/middle- income countries and 30%-35% of preterm births worldwide are
attributed to preeclampsia.™ The diagnostic criteria of preeclampsia have been changing during
the past two decades. The most recent guidelines for hypertension during pregnancy by the
American College of Obstetricians and Gynecologists (ACOG, 2013) define preeclampsia as:
new onset of hypertension (Systolic blood pressure >140 mmHg or diastolic blood pressure >90
mmHg on two occasions at least four hours apart) and either proteinuria or end-organ
dysfunction after 20 weeks of gestation in a previously normotensive woman. Two previous
diagnostic criteria had been eliminated due to low specificity: edema, and “increases of 30
mmHg in systolic pressure and/or 15 mmHg in diastolic pressure”. Likewise, proteinuria has also
been eliminated from the diagnostic guideline, since it may occur late and patients should not
wait until its manifestation to be diagnosed of preeclampsia and receive therapy.” ®> Although the

definition of “severe preeclampsia” is still inconclusive, there is general consensus that severely



elevated blood pressure (>160 mmHg systolic or >110 mmHg diastolic) and the existence of
deteriorating clinical features (proteinuria >5g/24h, neurologic disturbances, pulmonary edemas,
hepatic dysfunction, renal compromise, thrombocytopenia) are factors that determine the need
for prompt confirmation and treatment. ® Eclampsia is defined as one or more convulsions

happening to women with preeclampsia that cannot be attributed to any other cause.”®

Epidemiology of Preeclampsia

A population-based study in Washington State estimated the overall rate of preeclampsia as 3.11
per 100 singleton deliveries.® The rate is slightly higher (3.4%) in the whole United States, with a
more diverse population, compared with Washington State alone.™® A similar overall rate of
preeclampsia was found in another population-based study using the Norway birth registry, in
which the rate ranged from 3.6% in 2008 to 4.4% in 1999. A recent cohort study (N=21,589) in
Northern California observed a 4.5% overall rate of preeclampsia among mothers who gave birth
between Jan.1% of 2010 to the end of 2012.'2 However, the observed higher rate of preeclampsia
may be because the cohort is based on health plan setting and their blood pressure and fetal
wellness were well monitored during pregnancy. Preeclampsia/Eclampsia cause approximately
50,000 maternal deaths worldwide each year of which the majority happens in developing
countries. Although the disease-associated mortality rate among pregnant women is reduced in
developed countries due to proper maternal health care and timely treatment,

preeclampsia/eclampsia still accounts for a large proportion of maternal mortality.® 3

Women with a history of preeclampsia in previous pregnancies were ten times more likely to

have preeclampsia in subsequent pregnancies compared with women without a disease history.



The recurrence rate of preeclampsia can be as high as 65% among women who had preeclampsia
onset during the second trimester of the previous pregnancy.* *> The recurrence risk is even
higher among women with previous preterm births associated with preeclampsia, because that
indicates severe preeclampsia during the previous pregnancy.'* Besides previous history of
preeclampsia, preeclampsia has a broad array of risk factors including family history (family
history of preeclampsia or cardiovascular disease: RR =1.70-4.93), maternal age older than 40
(RR =1.10-1.68), nulliparity (RR = 1.28-6.61), multiple birth (RR = 2.10-4.19), longer interval
between two pregnancies (RR = 1.12 with one year increase) and preexisting maternal conditions
(chronic hypertension: RR = 1.15-1.40; pre-existing diabetes: RR = 1.10-1.35; BMI>35: RR =
1.56-2.88; chronic autoimmune disease: RR = 1.1-42.3).” 1 18 paradoxically, strong
epidemiologic evidence including the dose response has shown a protective effect of smoking on
preeclampsia (RR = 0.5-0.7).** ° However, the biological mechanism or the specific cause of the
protective effect is not clear.’® Whether racial disparities exist in preeclampsia is inconsistent: A
cohort study based on health plan data in California in the 1990s found increased preeclampsia
rate in African American women (OR = 1.41) and decreased rate in Asian (OR =0.79) and
Latina (OR = 0.90) women;** The lower rate of preeclampsia in Hispanic women cannot be
confirmed in another study in Massachusetts;? large population based study in New York State
from 1993-2002 found the hospitalization rate due to preeclampsia was higher among African
American women (3.3%) and Hispanic women (3.0%) compared with the Whites (2.0%)
probably because of the higher obesity rate and lower rate of access to prenatal care in African
American women and Hispanic women in New York State.?® A case series in California
observed the mortality rate due to preeclampsia is higher among foreign-born Hispanic women

and African American women, probably due to delayed seeking of care and inconsistent care.?*

3



Pathology and Pathophysiology of Preeclampsia

Maternal comorbid conditions arising from severe preeclampsia include thrombocytopenia, renal
insufficiency, impaired liver function, pulmonary edema and newly-developed visual or cerebral
changes.?® A pathologic laboratory study showed that expanded endothelia cells present in renal
biopsy samples from women with preeclampsia, which is different from the mechanistic damage
that occurs from high blood pressure. This also implies that preeclampsia is a disorder beyond

pregnancy-induced hypertension.?® %’

Previous research supports that preeclampsia is the consequence of reduced placental perfusion,
which is suspected to be caused by abnormalities in implantation and vascular remodeling. As a
result, there is reduced blood flow to organs other than the placenta, thus causing hemorrhage
and necrosis to multiple organ systems including liver, kidney, brain and intervillous space.?®
Those pathological changes (organ hemorrhage and necrosis) to women with preeclampsia revert
to normal soon after delivery, which suggests that unique features of pregnancy lead to the

change.

During a normal pregnancy, spiral arteries connecting the maternal-fetal circulation experience
significant remodeling as a result of trophoblastic invasion, an adaptive process which allows for
the increasing blood flow necessary for pregnancy.? 2%2° By contrast, this adaption does not
occur to women with preeclampsia. Lacking these changes, abnormal trophoblastic implantation

happens and leads to poor placental perfusion which subsequently releases factors (i.e. soluble



fms-like tyrosine kinase 1 (sFlt-1)) that changes the maternal endothelial activities and alters
endothelial function. Biomedical research shows that endothelial dysfunction serves as an

important link between reduced placental perfusion and systemic diseases.?* *

Effects of Preeclampsia on the Fetus and Children’s Long-term Health

Preeclampsia accounts for 12% of infants born small for gestational age, 25% of total stillbirths
and neonatal deaths in developing countries.® A secondary analysis using clinical trial data
showed that the perinatal outcomes are even worse among mothers with recurrent preeclampsia
compared with nulliparous mothers who developed preeclampsia, with higher rates of preterm
delivery, abruptio placentae, and neonatal death.™ A population-based study in Washington State
found that children who were exposed to preeclampsia during pregnancy were more likely to
have low birth weight, lower Apgar score at 5 min, more likely to experience neonatal seizures,
neonatal sepsis and neonatal intensive care unit (NICU) admission. The rate of adverse perinatal
outcomes was much higher among women with early onset (<20 weeks) preeclampsia compared

with women with late onset (20-34 weeks).™

A Danish cohort study of 1,618,481 singletons who were followed for up to 27 years observed
elevated risks of hospitalization due to various diseases among children who exposed to
preeclampsia during pregnancy, including infectious and parasitic diseases (IRR=1.2), neoplasms
(IRR=1.3), diseases of blood and blood-forming organs and disorders involving immune
mechanism (IRR=1.5), endocrine, nutritional, and metabolic diseases (IRR=1.6), respiratory
diseases (IRR=1.2), and congenital malformations (IRR=1.1).%! Higher levels of systolic and

diastolic blood pressure and stroke have also been reported by studies using medical record



linkage.*? In another follow-up study of neonatal outcomes within 35 weeks after delivery, no
difference in incidence rates were found for neonatal death or respiratory distress syndrome

between children born to mother with preeclampsia and those born to normotensive mothers.*

Management of Preeclampsia

Since preeclampsia onset can occur much earlier than the manifestation of clinical symptoms,
various screening methods have been tested to identify the high-risk population in the last decade,
but none has shown acceptable predicative accuracy.®* Audibert et al. proposed a first-trimester
screening method using “maternal serum biomarkers and uterine artery Doppler” combined with
clinical characteristics, which can detect 75% early-onset preeclampsia with 10% false positive
rate.> Investigators are still searching for biomarkers to detect preeclampsia with high sensitivity

and specificity.®

Frequent clinical supervision of fetal and maternal well-being is required for mothers with
preeclampsia during the whole pregnancy. For mild preeclampsia, there is not agreement on the
optimal management with physicians typically recommending either hospitalization, complete
bed rest, and/or antihypertensive prescriptions.®”* If the mother does not have symptoms of
severe preeclampsia, outpatient care is sufficient for mothers at less than 37 weeks gestation.
Once severe disease is present, prompt hospitalization is required to prevent further organ
dysfunction and eclampsia.*® Magnesium sulfate is usually recommended to prevent convulsions
and prolong pregnancy.® * There is no definitive treatment for preeclampsia other than delivery,

but the choice between delivery and treatment should be based on both maternal and fetal



conditions: indications for delivery in preeclampsia include later than 38 gestational weeks,
platelet count <100,000 cells/mm,* progressive deterioration in organ function, suspected
abruptio placentae, persistent severe headaches, visual changes, epigastric pain, severe fetal

growth restriction, nonreassuring fetal testing results and oligohydramnios.?®

1.2 Childhood Cancer

Childhood Cancer Classification

Although cancer is a relatively rare disease in children, its diagnosis could easily become a life-
altering event for the patients and their families. Childhood cancer is not a single disease entity,
but rather a combination of different groups and subgroups of malignancies. Childhood cancer is
primarily classified based on tumor morphology, rather than by primary site, as is done for adult
cancer. The International Classification of Childhood Cancer (ICCC) has classified childhood
cancer into twelve groups, 1) Leukemia, 1) Lymphomas and reticuloendothelial neoplasms, 111)
CNS and miscellaneous intracranial and intraspinal neoplasms, 1V) Neuroblastoma and other
peripheral nervous cell tumors, V) Retinoblastoma, VVI) Renal tumors, VII) Hepatic tumors, VIII)
Malignant bone tumors, IX) Soft tissue and other extraosseous sarcoma, X) Germ cell &
trophoblastic tumors & neoplasms of gonads, XI) Other malignant epithelial neoplasms and
melanomas, XI1) Other and unspecified malignant neoplasms.** The incidence of childhood

cancer varies greatly by type of histology, site of cancer origin, sex, age and race.

Burden of Childhood Cancers



Globally, an estimated 175,000 cases of cancer are diagnosed yearly in children from the ages of
0 to 15.% Since 1975, the incidence rate of pediatric cancer in US has been increasing steadily at
an annual rate of 0.6%, possibly due to changes in environmental or other risk factor
distributions as well as improved diagnosis.*® In Nordic countries including Denmark, the
childhood cancer rate has stayed relatively stable at around 18 per 100,000 population.** In
contrast, the overall 5-year survival rate of childhood cancer has increased to approximately
80%, thanks to advances in treatment and healthcare.** More than 24,000 persons in Nordic
countries were survivors of childhood cancer at the end of 2005, accounting for approximately
0.1% of the population.* However, childhood cancer survivors are subject to higher risk of all-
cause morbidity and mortality up to 30 years after diagnosis, according to the Childhood Cancer
Survivor Study (CCSS).* Moreover, it is estimated that 60% to more than 90% of survivors
develop chronic health conditions later in life.*” The increased incidence of chronic health
conditions was primarily attributed to recurrence of disease and subsequent neoplasms that are
associated with the late effects of cancer treatment, as well as an underlying genetic
predisposition related to the primary cancer.*® Olsen et al reported a cumulative risk of 48% for a
second primary cancer in Nordic childhood cancer survivors, with the highest rates for subjects
in the era of intensive chemotherapy usage.* In addition, late effects could lead to problems in
growth, organ function, reproductive capacity and negative psychosocial sequelae.*® Due to the
continuous developments in cancer biology, radiological science and supportive systems, the
prevalence and spectrum of treatment effects is expected to drop.*® Yet contemporary childhood
cancer survivors are still expected to frequently experience higher treatment-related morbidities

and mortalities across their lifespan.



Epidemiology (Incidence, Risk Factors, Survival Rate)

Following accidents, cancer is the second leading cause of pediatric mortality among children 1-
14 years old in the US. The incidence rate of childhood cancer in the industrialized countries is
approximately 140 per million, with a 0.6% increasing rate since 2007.°** It is estimated by
American Cancer Society that there will be 10,380 incident childhood cancer cases and 1,250
deaths among children under 15 years old in 2015.%? The most frequent diagnosis groups of all
childhood cancers according to SEER (Surveillance, Epidemiology, and End Results) data are
leukemia at 30%, brain and central nervous system (CNS) tumors at 26%, followed by
neuroblastoma at 6%, soft tissue sarcomas at 6%, Wilms tumors at 5%, non-Hodgkin lymphomas
at 5% and Hodgkin lymphomas at 3%. These are consistent with data from the German
Childhood Cancer Registry (GCCR).*? > In California, the most prevalent childhood cancer is
also leukemia at 35%, followed by brain and CNS tumors at 22%.>* Notably, the rate of
childhood cancer in California is higher (170 per million) compared to the US average. This
could be attributed to the difference in the racial/ethnic distribution in California: California has
significantly higher proportions of Hispanics and Asians (US Census Bureau Website) among
the non-white population, which have a higher incidence of childhood cancer compared with the

African-American population (SEER).>

Overall survival rates for all types of cancer (75%) were similar between the US and European
countries from 1985-1999. Five-year survival rates of childhood cancers ranged from 60%-90%
according to the type of diagnosis, with the highest survival seen in retinoblastoma and Hodgkin
lymphoma, and patients with AML experiencing the lowest survival. The death rate due to

childhood cancer is decreasing significantly, with 2.1 per 100,000 in 2011 compared to 6.3 per
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100,000 in 1970.% The improving survival rate is believed to result from better diagnostic

technology, early detection, and more advanced treatment.>®

lonizing radiation acquired from either medical settings or the environment is the only
consistently reported preventable risk factor for childhood cancers.”® *’ Since pediatric tumors
are diagnosed at an early age, the pathogenesis of childhood cancers has been hypothesized to
originate from fetal development and fueled by fetal growth. Indeed, population-based studies
are able to link various pregnancy factors with childhood cancer. For example, maternal age was
linked to overall childhood cancer (5-year increase OR = 1.08).>® High birth weight has been
associated with acute lymphoblastic leukemia (OR = 1.18-1.26).°% ®° Large for gestational age
has been associated with Wilms tumor (OR: 2.1) and connective/soft tissue tumors (OR = 2.1).
While small for gestational age has been associated with acute myeloid leukemia (OR =1.8) and
neuroblastoma (HR = 2.6).%" ® Parity also has been associated with childhood cancer, yet the

direction varies by specific cancer types.®®

1.3 Age Related Macular Degeneration

Classification of AMD

Age-related macular degeneration is a chronic eye disease affecting the central retina, and can
cause irreversible vision loss if left untreated. There are two clinical forms of AMD: “dry”
AMD, which is usually asymptomatic at the earlier stage and develops into geographic atrophy if
the condition worsens; and “wet” AMD, which is also called neovascular AMD and associated

with a more rapid progression.®* “Dry” AMD is a more prevalent subtype, accounting for 80% of
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cases. Although several therapeutic options are available to slow the progression of dry AMD,
there is no cure for the condition. A hallmark of dry AMD is the presence of drusen, a metabolic
end product from degenerated retina pigment epithelium (RPE). Accumulating drusen disrupts
photoreceptor cells, causing blind spots in the central vision, gradually progress to the atrophic
stage (geographic atrophy). Over time, dry AMD can also develop into the less common “wet”
form, which involves blood vessel generation. In the wet form of the disease, leaky blood vessels
abnormally grow into the retina, causing swelling and bleeding of the retina. The “wet” form of
AMD is more damaging and may lead to severe vision loss. However, the progression of
neovascular AMD can be effectively stopped or slowed by anti-vascular endothelial growth

factor (VEGF) treatment.® ©

Prevalence and Incidence of AMD

A large population-based cohort study reported a 15-year cumulative incidence of 14.3% and
3.1% for early- and late-stage AMD respectively.® In the US, 11.5% of the population is
suffering from AMD of any type. Specific to the late-stage disease, the prevalence among those
40 years or older is 1.5% and it is expected to double by 2020.%° The Baltimore Eye Survey
reported racial differences in AMD prevalence: AMD is four times more prevalent in Whites
compared with African Americans.®” Asians were found to have similar risk of late-stage AMD
to Whites, but were disproportionately affected by polypoidal choroidal vasculopathy, a variant
of AMD.® In the Rotterdam Study, one fourth of the subjects with early-stage AMD at baseline
developed a more severe-stage disease in two years of follow-up.®® The progression rate of late-
stage AMD from patients with early-stage AMD was 5% over five years in the Blue Mountains

Eye study,” and was 15% over 15 years in the Beaver Dam Eye study.®®
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Burden of AMD

AMD is becoming a public health issue globally with an expected growth of the older population
(> 65 years old). The projected number of AMD cases will be 88.5 million in the US by 2050.%
Following cataract and glaucoma, AMD is the third leading cause of blindness worldwide, a
primary cause of vision deficiency in industrialized countries, and leads to significantly
decreased quality of life and increased dependence on caregivers. The direct medical cost of
AMD was US$575-733 million, not considering the cost of support service and productivity

loss 64,65, 71

Risk Factors for AMD

AMD is a multifactorial disorder which involves genetic factors, environmental factors and the
aging retina in its etiology.’” Family studies showed more than two times increased risk of AMD
among people who had first-degree relatives having the disease history, as well as earlier onset

of the condition,”® "

suggesting the contribution of genetic factors. Several genes have been
associated with the risk of developing AMD, including CFH, CFB and C2, ARMS2, APOE, and
ABCAA4-ABCE genes. Susceptible genes found in complement pathway and oxidative stress
pathways supported the presence of complement-mediated inflammation and oxidative damage

in the pathogenesis of AMD.% %

Smoking is the strongest environmental risk factor for AMD. A pooled analysis of three
population-based studies found the risk of AMD doubled among current smokers, and 1.3 times
elevated among former smokers when comparing with non-smokers.” Increased amount of

pack-years have also been found to increase AMD risk, for both neovascular AMD and
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geographic atrophy.”® Proposed mechanisms of the damaging effect on retina include the
reduction of macular pigment, the activation of inflammatory mediators by nicotine and cotinine,

and the increased oxidative stress.”” "

Previous cataract surgery was consistently found to increase AMD risk in prospective studies,
case-control studies, and cross-sectional studies, with odds ratios, ranging from 1.5t0 3.0.¥ In a
meta-analysis, other suggested risk factors were higher BMI (OR = 1.3-1.5), hypertension (OR =
1.0-1.5), cardiovascular disease (OR = 1.2-2.2), and plasma fibrinogen (OR = 1.0-1.4).%
Although the AREDS study assessing risk factors for AMD did not find sun exposure as a risk
factor for the progression to advanced AMD,"® light-induced toxic effects on retina have been

proven in animal studies and hypothesized to affect AMD risk.®

The Age-Related Eye Disease Study (AREDS), a multicenter randomized trial following 3,640
participants for 10 years, provided strong evidence of the protective effect of antioxidant
supplements (Vitamin C, Vitamin E, beta-carotene) and mineral zinc for the progression of
AMD.* The AREDS? study reported beneficial effect of lutein/zeaxanthin comparing with beta-
carotene in preventing AMD progression.®® High intake of omega-3 fatty acids had also been

proved to reduce risk for late-stage AMD.%*

1.4  Literature Review
Preeclampsia and Childhood Cancer
A case-control study with 1867 cases and 2057 controls in Germany found no association

between hypertension during pregnancy or edema with any type of childhood cancer with or
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without any antihypertensive medication use. However, although hypertension and edema are
two common characters of preeclampsia, this exposure definition is too broad to clearly define
preeclampsia and may dilute the possible association between preeclampsia and childhood
cancer.® In the same study, diuretics or other antihypertensive drug use has been found to be
associated with increased risks of ALL (OR = 1.99, 95% CI: 1.01-3.93) and neuroblastoma (OR
= 3.16, 95% ClI: 1.03-9.70), which the author believed was caused by toxic effect of the drugs.
Nevertheless, the observed association may be due to the underlying severe preeclampsia that
required pregnant mothers to receive antihypertensive medications.?> The same explanation can
be applied to Stalberg et al.’s study, where maternal beta-blockers use were found to have a five-
time risk of having a child with brain tumors (OR = 5.3, 95% CI 1.2-24.8).%° In a study nested
within the United Kingdom Childhood Cancer Study (UKCCS), a sharply elevated risk of
hepatoblastoma was observed to be associated with fetal exposure to severe preeclampsia or
eclampsia among children under 15 years old (OR = 52.5). However, the estimate was based on
only 18 available hepatoblastoma cases. The authors stated that instead of being an etiological
factor, very low birth weight may mediate the effect of preeclampsia/eclampsia on
hepatoblastoma.?” Heck et al. confirmed the adverse effect on hepatoblastoma (OR = 15.4, 95%
Cl10.7-22.3) using California Cancer Registry data.? In an earlier study on hepatoblastoma by
McLaughlin et al. in New York State, maternal hypertension was not indicated as a risk factor of
hepatoblastoma. But the category of maternal hypertension combined mother with preeclampsia
and those with chronic hypertension. Secondly, the authors included birth weight into their
multivariate regression model for the hepatoblastoma risk estimate, which might block the causal
pathway of maternal hypertension on cancer in offspring.® Roman et al. conducted another case

control study on hematological malignancies nested within the UKCCS study and reported an
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elevated risk of non-Hodgkin’s lymphoma among women with preeclamptic pregnancies (OR =
3.8 for severe preeclampsia and OR = 1.7 for all preeclampsia diagnoses). No elevated risks were
seen for Hodgkin’s lymphoma (OR =0.7), ALL (OR = 1.0) and AML (OR = 1.0). However, the
authors did not account for other perinatal characteristics such as gestational age, fecundity and
previous history of pregnancy complications for their analysis. The study might also suffer from
self-selection problems since the risk of preeclampsia was 10% among the controls, much higher

than the general population.”

In a Danish case-control study of prenatal risk factors of testicular cancer which used a self-
administered questionnaire, preeclampsia was not found to be associated with testicular cancer,
although whether confounding factors such as twin birth or history of previous preterm birth
were adjusted was not stated by the authors.®* The null association between preeclampsia and
testicular germ cell tumor was also observed in another population based study in Nordic
countries.*” The effect of preeclampsia on neuroblastoma was controversial. Hamrick et al. did
not found any adverse effect in a matched case control study, after adjusting for the
race/ethnicity and socioeconomic status of the mothers,” yet Bjorge et al. indicated that
preeclampsia increased the risk of early neuroblastoma (diagnosed before 18 months) by 2 times
(RR=2.3).** No association has been found for CNS tumor or leukemia in California linked-

registry studies.* %

The pathogenesis of preeclampsia and tumor development share some common features.”” %
Among the important pathogenic aspects of preeclampsia, placental hypoxia® and oxidative

stress can induce tumorigenesis in offspring.® Hypoxia could contribute to subsequent
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preeclampsia through disturbed placental development.’® Placental insufficiency could further
place the fetus of preeclamptic patient develop in a significantly hypoxia environment from early
in pregnancy. An adaptive response to the long-term hypoxic fetal environment will cause
increase in detrimental molecules such like Hypoxia-inducible factor 1 (HIF-1), whose
expression level is associated with tumorigenesis processes including angiogenesis, cell survival,
glucose metabolism and invasion.'% 1% Moreover, hypoxia is capable of perturbing fetal
epigenetic programming. Although no direct evidence is available that links hypoxia induced
epigenetic dysregulation to tumorigenesis, abnormal epigenetic changes have been shown to be
highly prevalent in pediatric tumors.’® 1% On the other hand, traces of oxidative stress are
detectable in both the placenta and maternal circulation.’® **” Preeclampsia-induced oxidative
stress is sufficient to cause oxidative DNA damage and epigenetic dysregulation, independent of
fetal growth restriction.'® 1% Oxidative stress also mediates a series of transcription factors that
participate directly in tumor growth, including growth factors, inflammatory cytokines and cell
cycle regulatory molecules.™ In addition, despite considerable heterogeneity of placenta sample
of preeclampsia patients, Activating Transcription Factor 3 (ATF3) is consistently found to be
upregulated, triggered by hypoxia and oxidative stress.’” '* Overexpression of ATF protects

against apoptosis and could also predispose the developing fetus to cancer development.'*?

Medication Use and AMD

a. Anti-inflammatory drugs and AMD

Local inflammation is believed to be responsible for drusen formation, a typical feature of AMD.
The inflammatory response is stimulated by cellular remnants and debris produced by degenerate

RPE cells, analogue to the process of the accumulation of extracellular waste in Alzheimer’s
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disease and atherosclerosis."** NSAIDs has the potential to regulate vascular endothelial growth
factor (VEGF) level through its suppression effect on COX-2, a pro-angiogenesis factor, thus

inhibit the development of neovascular AMD.

In animal studies, oral administration of non-steroidal anti-inflammatory drugs (NSAIDs)
inhibits retinal VEGF expression and vascular leakage.'* A ten-fold lower prevalence of AMD
was found in a cohort of patients with rheumatoid arthritis comparing to other cohorts with
similar race composition, suggesting a protective effect of the long-term anti-inflammatory drugs
taken for this condition.*> In the AREDS study, regular anti-inflammatory drug use for five
years largely reduced the risk of progression to central geographic atrophy (OR = 0.23), but not
neovascular AMD (OR = 0.99).”® A nested case-control study in veterans found reduced AMD
risk in subjects filling prescription of any anti-inflammatory medications (OR = 0.15) and for
each subtype of anti-inflammatory medication.'*® No association was observed between
systematic NSAIDS use and five-year incidence of early- or late-stage AMD in the Blue
Mountain Eye study or the Beaver Dam Eye Study, both of which were population-based

prospective cohort studies.™" 18

b. Aspirin and AMD

A recent meta-analysis reported a pool odds ratio of 1.43 for early-AMD following aspirin use,
ignoring the dose and duration of use. The strongest observed odds ratio was 2.5 in all the
enrolled studies.*™® The Blue Mountain Eye Study observed a dose-response relationship of
aspirin use in developing neovascular AMD over 15 years follow-up, but no increased risk was

120

found in progression to neovascular AMD. " A dose-response was shown in early-stage AMD in
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the European Eye Study.'?! Plausible biological explanations of the observed association include
the reduced synthesis of prostacyclin by aspirin, which leads to hypoxia and consequently
stimulates neovascularization, and increased lipid oxidation. In contrast to the prospective cohort
studies and cross-sectional studies, a clinical trial in women suggests 20% decreased the risk of
AMD over 10 years following 100 mg aspirin use on alternate days. The proposed mechanism of
protection is through aspirin’s beneficial effect on cardiovascular disease and atherosclerosis, the
hypothesized risk factor for AMD development. Moreover, aspirin can up-regulate the

production of a local endogenous anti-inflammatory mediator.*??

c. Antihypertensive Medications and AMD

In a pooled analysis of three population-based cohort studies of AMD, a moderate elevated risk
in early AMD was found in subjects ever exposed to antihypertensive medication (OR = 1.2),
which was consistent with the finding from a mechanistic study assessing the role of
antihypertensive drugs in lipofuscin deposition, a pathogenic factor of AMD.*?* Lipofuscin
accumulation was shown in cultured human RPE cells after exposure to the B-blocker
propranolol and calcium antagonists.*** A case-control study using the United Kingdom General
Practice Research Database found a slightly increased risk of AMD diagnoses patients with a
history of hypertension, but not in Thiazide diuretics users.'? In the Beaver Dam Eye study,
taking antihypertensive medications was associated with impaired vision when reading regular
newsprint, but not in other aspects of eye functions.*?® Any biological mechanism was not

established.
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1.5  Specific Aims for This Dissertation

We hypothesized that preeclampsia may affect cancer risk in the offspring either indirectly
through adverse neonatal outcomes or directly as a consequence of an altered maternal-fetal
circulation resulting from poor perfusion and conducted a large, population-based case control
study to examine the association between preeclampsia and various childhood cancers including

some rare subtypes (Chapter2).

In Chapter 3, we assumed that aspirin and other NSAIDs may have the potential to suppress the
development of AMD through cardioprotective properties (from aspirin only) and their anti-
inflammatory properties and tested the assumption in a prospective cohort of 88,481 female
California teachers and school professionals who were followed since 1995-1996 until Dec.31%,
2012. In the same cohort, we also examined hypertension and its treatment by antihypertensive

medications as potential risk factors for the development of AMD (Chapter 4).
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Chapter 2.  Maternal Preeclampsia and Odds of Childhood Cancers in Offspring — A

California Statewide Case-Control Study

2.1  Abstract

Background: Preeclampsia is a major cause of adverse effects on fetal health. We examined
associations between fetal exposure to preeclampsia and subsequent odds of childhood cancers.
Methods: We obtained childhood cancer cases (n=13,669) diagnosed at five years old or
younger between 1988 and 2012 from the California Cancer Registry and linked them to birth
certificates. Controls (n=271,383) were randomly selected from all California births and
frequency matched to cases by birth year. We obtained data regarding preeclampsia during
pregnancy, labour, and delivery from the medical worksheet of the electronic birth record. We
used unconditional logistic regression models with stabilized inverse probability weights to
estimate the effect of preeclampsia on each subtype of childhood cancer, taking into account
potential confounding by pregnancy characteristics. Marginal structural models were fitted to
assess the controlled direct effects of preeclampsia, independent of preterm delivery and NICU
admission.

Results: Although a null association was observed for all cancer subtypes combined (odds ratio
(OR) 1.0, 95% confidence interval (Cl) 0.9, 1.2), preeclampsia was found to be associated with
increased odds of two histologic subtypes of germ cell tumours: seminomas (OR 8.6, 95% ClI
1.9, 38.4) and teratoma (OR 3.0, 95% CI 1.7, 5.4), but not yolk sac tumours in children. Odds
remained elevated after adjusting for preterm delivery and NICU admission. Increases in odds
were also observed for hepatoblastoma, however this association was attenuated in marginal

structural models after accounting for NICU admission.
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Conclusions: These findings suggest that maternal preeclampsia is associated with higher odds

of some rare childhood cancers and may shed light on new aetiologic factors for these cancers.

21



2.2 Introduction

Preeclampsia, a subtype of hypertensive disorders during pregnancy, is a complex pregnancy-
induced syndrome that occurs after the 20" week of gestation. Preeclampsia or eclampsia
account for one third of severe maternal morbidities, 10%-15% of maternal deaths in low to
middle- income countries and 30%-35% of preterm births worldwide.? * Preeclampsia is thought
to be the consequence of reduced placental perfusion, and endothelial cell dysfunction, processes
that causes persistent placental hypoxia, and subsequent release of antiangiogenic factors into the
maternal system. These adaptive changes can alter placental development and even contribute to

adverse health outcomes in offspring in the long run.*

By comparing placenta specimens from preeclampsia-complicated pregnancies with those from
normotensive pregnancies, detrimental cellular signalling markers have been found to be
overexpressed in umbilical cords from preeclamptic pregnancies and have been connected to
chronic adverse health effects in offspring.'?” Whether placental transmission of detrimental

factors can have tumorigenic effects on the fetus remains unknown.

Cancer is the second leading cause of mortality among children in the US, with very few well-
established preventable causes. Since childhood cancers are diagnosed at an early age, it has
been hypothesized that its pathogenesis is initiated during fetal development and possibly fueled
by fetal growth. Indeed, population-based studies have linked various perinatal factors with
childhood cancers.%® 2 88.128.129 | o\ birthweight and preterm delivery, both common
consequences of preeclampsia, have been shown to be associated with increased childhood

cancer risk.% 92128 Because of the rarity of cancers in young children, only a small number of
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previous registry-based studies have evaluated the association between preeclampsia and some
types of paediatric cancers with little discussion of potential biologic mechanisms. Some but not

all studies have found positive associations.?’ 8- %092 129

We hypothesise that preeclampsia may affect cancer risk in the offspring either indirectly
through adverse neonatal outcomes or directly as a consequence of an altered maternal-fetal
circulation resulting from poor perfusion and conducted a large, population-based case control
study to examine the association between preeclampsia and various childhood cancers including

some rare subtypes.

2.3 Methods

Childhood cancer cases (n = 13,677) who were born 1983-2011 and diagnosed at five years of
age and younger between 1988-2012 were identified from the California Cancer Registry, as
previously described.'?® Each case was matched to a California birth certificate by first and last
name, date of birth, and social security number when available, using a probabilistic record
linkage program with a successful linkage rate of 89%.% Given prior reports of rates of
residential mobility in early childhood among California children, the remaining 11% of cases
were likely born out of state.** Controls were randomly selected from among all California birth
records during this period, frequency matching them by birth year (20:1 matching rate). All
controls were alive and without a cancer diagnosis in California by age 5 according to CA state
death files. As this was a record-linkage study, informed consent from each individual subject
was not feasible. We excluded children whose mothers had unknown or unreported

preeclampsia/eclampsia status (n = 188), controls who died before reaching age six (n = 1,792),
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and controls who were likely not viable (n = 130 gestational age < 20 weeks and n = 65 birth

weight < 5009), resulting in 13,669 cases and 271,383 controls for the final analyses.

We obtained maternal demographic and socioeconomic information, pregnancy history,
pregnancy characteristics, and newborn abnormal conditions or clinical procedures from
California birth certificates. Preeclampsia and eclampsia during pregnancy, labour, and delivery
were based on the VS-10A medical data supplemental worksheet, an additional form attached to
the live birth registry record, which is completed by hospital clerks based upon the medical
record. Exposure to preeclampsia or eclampsia was first treated as a binary variable.
Furthermore, we assessed the effect of preeclampsia/eclampsia according to the severity of the
condition. When preeclampsia is worsening, the decision to induce birth will be made even if the
baby is very premature. Thus, in mothers with preeclampsia we used preterm delivery as a
marker of more severe preeclampsia. Mothers with preeclampsia and preterm delivery together
with mothers who had eclampsia were classified as having “severe preeclampsia/eclampsia”.

Otherwise mothers with preeclampsia were considered having “mild preeclampsia”.

Selection of potential confounding variables was based upon associations observed in our data as
well as our review of the literature. As adjusting for post-exposure events in the causal pathway
between exposures and outcome would block part of the total effect of preeclampsia on
childhood cancers (i.e., act as an intermediate), any related condition occurring after
preeclampsia onset such as delivery method, complications in labour and delivery, and adverse
birth outcomes, could not be controlled when estimating the odds of cancer due to preeclampsia.

Since the birth certificate stopped recording the child’s race/ethnicity in 1998, we used maternal
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race/ethnicity instead. Gestational age was recorded as the number of weeks since the last
menstrual period. An obstetric estimate of gestational age at delivery (in completed weeks) is
estimated by a physician after a 20th-week ultrasound and was recorded only from 2007 onward.
For subjects with missing gestational age information after 2006, we used the obstetric estimate
to replace the missing value. Maternal education and primary payment method for prenatal care
were used as proxies for maternal socioeconomic status, as described previously.** Other
potential confounders such as multiple gestations, parity, and previous preterm births were

recorded during the entire study period.

Maternal demographics, reproductive histories and perinatal characteristics of the index
pregnancy were compared for childhood cancer cases and controls. We restricted our analysis to
cancer subtypes with five or more exposed cases. Unconditional logistic regression analysis with

131 \was used to calculate odds ratios and 95% confidence

stabilized inverse probability weights
intervals (CI) for each type of childhood cancer, accounting for the matching variable, birth year.
Considering the heterogeneous aetiology of cancer subtypes, separate weights were generated for
each subtype of cancer by generating the inverse probability weight for the foetus being exposed
to preeclampsia based on various sets of covariates. Common variables used to generate the
weights include maternal age at pregnancy, race/ethnicity and maternal birth place, which our

group previously observed to be risk factors for childhood cancer'?® 32

and are previously
reported risk factors for preeclampsia.>*’ Additional factors examined as potential confounders
and effect modifiers include previous history of preterm birth, previous miscarriages,

multiparity, principal payment method for prenatal care, and the number of prenatal care visits;

they were retained in the model if effect estimates changed by 10% or more. Since childhood
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cancers are very rare, odds ratios are good estimates of incidence rate ratios for childhood

cancer.

To assess if preeclampsia has an adverse effect on childhood cancer odds beyond being mediated
through preterm delivery, we applied a marginal structural model to estimate controlled direct

effects!®

of preeclampsia on childhood cancers independent of preterm birth. Logistic regression
with inverse probability weights was used, handling both confounding of the “preeclampsia—
cancer” association and confounding of the “mediator—cancer” association. A directed acyclic
graph showing the hypothesized underlying causal relationships is given in Figure 2.1. A similar
approach was applied to estimate effects of preeclampsia on childhood cancers independent of

NICU admission. Cases that were diagnosed within five days after birth were further excluded

from the mediation analysis to prevent possible reverse causation of NICU attendance.

The coding for hypertensive conditions during pregnancy changed across the study period: in
mothers whose children were born 1983-2005, chronic hypertension and preeclampsia/eclampsia
were recorded separately; from 2006-2011, only one of the following hypertensive conditions
during pregnancy was recorded: pre-existing hypertension, pregnancy-induced hypertension, and
eclampsia. We used pregnancy-induced hypertension as a proxy for preeclampsia in 2006-2011.
We separately analyzed the subset of children born before 2006 to evaluate the possibility of

misclassification bias due to the changes in recording methods.
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Figure 2.1 Directed acyclic graph (DAG). Hypothetical maternal reproductive characteristics
that may confound preeclampsia — cancer association or preeclampsia — preterm birth association
include: maternal age, race/ethnicity, maternal birth place, birth type, parity, principal method of
payment for prenatal care, previous history of preterm birth, previous miscarriages and number
of prenatal care visit; hypothetical factors confound preterm birth — cancer association include:
maternal infections, congenital abnormalities, fetal distress and placental abruption.

27



2.4  Results

The study population consisted of a majority of Hispanics (45%), nulliparous pregnancies (40%),
and women with at least 12 years of education (74%). Most women had at least more than five
prenatal care visits (95%). Childhood cancer was more common among children born to mothers
with advanced age at pregnancy, White non-Hispanic mothers, mothers with 16 or more years of
education, mothers with less frequent prenatal care visits, and mothers whose prenatal care was
paid by private insurance (Tables 2.1 and 2.2). Associations between demographic factors and
specific cancer subtypes have been described previously.® 128 129:134.135 \jothers of children
with any type of childhood cancer and controls were similar in terms of parity and birth type
(singleton vs. multiple gestation), but distributions varied by cancer subtype. Table 2 shows that
case children had pregnancy characteristics and delivery outcomes distinct from control children.
Consistent with previous reports,®® cancer in all subtypes were more common in male children.
Children with cancer had a higher propensity to be delivered preterm, had lower birth weight,

and were more often transferred to the NICU after delivery.

Fetal exposure to preeclampsia was associated with a nearly two-fold increase in odds of germ
cell tumours and hepatoblastoma, but no increased odds was observed for all cancer subtypes
combined (OR 1.04, 95% C1 0.92, 1.18). Both germ cell tumor odds and hepatoblastoma odds

were further elevated with fetal exposure to severe preeclampsia (Table 2.3).

As shown in stratified analyses presented in Table 2.4, the associations between preeclampsia
and germ cell tumours were not uniform across histologic or morphological subtypes.

Preeclampsia was strongly associated with seminomas and less so with non-seminomas. Only
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one subtype of non-seminomas, teratoma, displayed an increased odds after preeclampsia
exposure, while none of the 211 children who had yolk sac tumours were exposed to
preeclampsia during gestation. Maternal preeclampsia doubled the odds of having an offspring
with extracranial and extragonadal germ cell tumour even after restricting to children with a term
birth. The direct effect of preeclampsia on teratoma after controlling for the intermediate effects
of preterm delivery and NICU admission is nearly as strong as the total effect (Table 2.5). The
controlled direct effect of preeclampsia on seminomas remained similar after controlling for
preterm delivery, but strengthened further after the adjustment for NICU admission. The
increased odds of hepatoblastoma, however, was attenuated after controlling for preterm delivery

and NICU admission.
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Table 2.1 Demographic characteristics in relation to childhood cancers, California Cancer

Registry, birth year 1983-2011 (n=285,052).

Controls All Cancers

Characteristic n (%) n (%)
Total 271383 (100%) 13669 (100%)
Maternal Age

<20 28661 (10.6%) 1299 (9.5%)

20-29 140767 (51.9%) 6826 (49.9%)

30-34 63232 (23.3%) 3355 (24.5%)

>35 38681 (14.3%) 2187 (16%)

Missing 42 (0%) 2 (0%)

Maternal Race/Ethnicity
White non-Hispanic
Hispanic
African American
Asian/ Pl
Other

Maternal Birth Place
UK
Mexico
Other Foreign
Missing

Maternal Education (years)
8 or less
9-11
12
13-15
16 or more
Missing

Principal method of payment for prenatal
care ®

Government program/self

Private

Missing

Parity
0
1
>=2

94945 (35%)
124636 (45.9%)
18041 (6.6%)
26518 (9.8%)
7243 (2.7%)

68556 (25.3%)
153381 (56.5%)
49185 (18.1%)
261 (0.1%)

29392 (12.4%)
43020 (18.1%)
66092 (27.8%)
47429 (19.9%)
47330 (19.9%)

4417 (1.9%)

117782 (49.5%)
117233 (49.3%)
2665 (1.1%)

106713 (39.3%)
84935 (31.3%)
79557 (29.3%)

30

5231 (38.3%)
6125 (44.8%)
703 (5.1%)
1246 (9.1%)
364 (2.7%)

3236 (23.7%)
8068 (59%)
2357 (17.2%)
8 (0.1%)

1355 (11.3%)
1995 (16.7%)
3456 (28.9%)
2355 (19.7%)
2579 (21.5%)

229 (1.9%)

5370 (44.9%)
6509 (54.4%)
90 (0.7%)

5328 (39%)
4307 (31.5%)
4028 (29.5%)



Missing 178 (0.1%) 6 (0%)

Prior Miscarriages

Yes 46811 (17.2%) 2468 (18.1%)
No 224318 (82.7%) 11191 (81.9%)
Missing 254 (0.1%) 10 (0.1%)

& This variable was not collected on birth certificates until 1989, therefore n(%) was based on
data in existing years.
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Table 2.2 Characteristics of index pregnancies and deliveries in relation to childhood cancers,
California Cancer Registry, birth year 1983-2011 (n=285,052).

Controls All Cases

Characteristic n (%) n (%)
Total 271383 (100%) 13669 (100%)
Child's Sex

Male 138527 (51%) 7543 (55.2%)

Female 132853 (49%) 6126 (44.8%)

Unknown 3 (0%) 0 (0%)
Birth Type

Single 264363 (97.4%) 13313 (97.4%)

Multiple 7020 (2.6%) 356 (2.6%)
No. of Prenatal Care Visit ®

5 times or fewer 13502 (5.7%) 567 (4.7%)

6 to 10 times 71341 (30.0%) 3520 (29.4%)

11 to 15 times 122999 (51.7%) 6275 (52.4%)

16 times or more 24277 (10.2%) 1330 (11.1%)

Missing 5560 (2.3%) 277 (2.3%)
Preeclampsia

Yes 5686 (2.1%) 304 (2.2%)

No 265696 (97.9%) 13365 (97.8%)
Chronic hypertension

Yes 902 (0.3%) 62 (0.5%)

No 270449 (99.7%) 13605 (99.5%)

Missing 32 (0%) 2 (0%)
Length of gestation

<37 weeks 26410 (9.7%) 1532 (11.2%)

38-42 weeks 222398 (81.9%) 11043 (80.8%)

> 42 weeks 9842 (3.6%) 477 (3.5%)

Missing 12733 (4.7%) 617 (4.5%)
Birthweight

<1499 g 2162 (0.8%) 172 (1.3%)

1500 - 2499 g 13885 (5.1%) 689 (5.0%)

2500 - 3999 g 227140 (83.7%) 11155 (81.6%)

> 4000 g 27968 (10.3%) 1637 (12.0%)

Missing 228 (0.1%) 16 (0.1%)

Size for gestational age
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Small 27301 (10.1%) 1272 (9.3%)

Normal 205747 (75.8%) 10260 (75.1%)

Large 38107 (14.0%) 2121 (15.5%)

Missing 228 (0.1%) 16 (0.1%)
NICU attendance ?

Yes 7951 (3.3%) 644 (5.4%)

No 229729 (96.6%) 11325 (94.6%)

% This variable was not collected on birth certificates until 1989, therefore n (%) was based on
data in existing years.
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Table 2.3 Maternal preeclampsia during pregnancy and the odds of childhood cancers by severity of preeclampsia.

Preeclampsia Severity

All diagnoses Mild Preeclampsia Severe Preeclampsia

Cancer Type
Adjusted * OR Adjusted * OR Adjusted * OR
n (95% CI) n (95% CI) n (95% CI)

All childhood cancers 13669 304 1.0(0.9,1.2) 206 1.0(0.9,1.2) 87 1.1(0.9,1.4)
ALL 4133 87  1.1(0.9,1.4) 66  1.1(0.8,1.4) 21  0.9(0.6,1.5)
AML 740 19 1.3(0.8,2.1) 13 1.2 (0.7, 2.0) 6 1.8 (0.9, 3.8)
Lymphoma 620 7 0.7 (0.3,1.4) 5 0.5(0.2,1.3) 2 NA"®
CNS tumor 2378 42 0.8 (0.6,1.1) 31 1.0 (0.7, 1.4) 9 0.7 (0.4,1.3)
Neuroblastoma and
ganglioneuroblastoma 1385 37 1.2 (0.9, 1.8) 26 1.3 (0.9, 2.0) 11 1.3(0.7,2.4)
Retinoblastoma 746 16 1.1 (0.6, 1.7) 11 0.9(05,1.8) 5 1.2 (0.5, 2.9)
Wilms 1056 22 1.0 (0.7, 1.6) 14 1.0(0.4,2.2) 8 1.0 (0.6, 1.6)
Hepatoblastoma 346 13 1.7 (1.0, 3.0) 6 0.7 (0.3, 2.0) 7 4.9 (2.5, 9.5)
Soft tissue sarcomas 705 17 1.0(0.6,1.8) 14  1.2(0.7,2.1) 3 NA°P
Germ Cell tumors 451 16 1.8(1.1,3.0) 9 1.3(0.7, 2.6) 7 4.2 (2.2,7.9)
Controls 271383 265697 1.0 (reference) 3987 1.0 (reference) 1468 1.0 (reference)

% For each type of childhood cancer we adjusted for a unique set of covariates.
® Not applicable due to less than five exposed cases.
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Table 2.4 Maternal preeclampsia during pregnancy and the odds of germ cell tumors by histologic and morphological subtypes.

Cases Adjusted OR?
(95% ClI)
Germ Cell Tumors 451 1.8 (1.1, 3.0)
Seminomas 16 8.6 (1.9, 38.4)
- Non-Seminomas® 431 1.7 (1.0, 2.8)
Stratified by
Histological Types Teratoma 211 3.0(1.7,5.4)
Yolk sac tumor 181 NA °
Other rare types 4 NA ¢
CNS germ cell tumor 43 2.5 (0.6, 10.5)
Stratified by Extracranial germ cell tumor 408 1.8 (1.0, 3.0)
Morphological .
Sites Malignant gonadal tumor 192 0.9 (0.3,2.7)
Extracranial and extragonadal germ cell tumor 216 2.5(1.3,4.5)

# Adjusted for maternal age, race/ethnicity, maternal birth place, parity, birth type (multiple vs. single birth) and birth year
> Only more common subtypes were listed
“Not applicable due to less than five exposed cases
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Table 2.5 Controlled direct effects of maternal preeclampsia during pregnancy and the odds of childhood cancers accounting for
mediation by preterm delivery and neonatal NICU admission.

Controlled direct Controlled direct
Total Effects effect accounting for effect accounting for
preterm birth® NICU admission®
OR (95% CI) OR (95% CI) OR (95% CI)
Hepatoblastoma 2.1(1.2, 3.6) 1.8(1.0,3.2) 1.5 (0.8, 3.0)
Germ cell tumors
Seminomas 7.2 (1.6, 31.6) 7.2(1.7,29.4) 10.2 (2.2, 46.6)
Teratoma 3.2 (1.6, 6.6) 3.2 (1.5, 6.9) 3.2(15,6.7)

@ Marginal structural models were applied; adjusted for maternal age, race/ethnicity, parity, birth type, birth year, and congenital
abnormalities using inverse probability weighting

® Marginal structural models were applied; adjusted for maternal age, race/ethnicity, parity, birth type, birth year, preterm delivery,
congenital abnormalities, low birthweight using inverse probability weighting

36



2.5  Discussion

This study suggests that maternal preeclampsia during pregnancy is associated with increased
odds of germ cell tumours and hepatoblastoma in offspring, while no increased odds for all
paediatric tumours combined was observed. The association between preeclampsia exposure and
germ cell tumours differs across histologic subtypes, with the strongest association observed in
seminomas. Maternal preeclampsia did not increase the odds of germ cell tumours in a specific
site except for extracranial and extragonadal germ cell tumours. These findings may point to

different possible aetiologies of germ cell tumours and hepatoblastoma.

The increased odds of hepatoblastoma in children born to mothers who had severe
preeclampsia/eclampsia during pregnancy has been previously reported in the United Kingdom
Childhood Cancer Study (UKCCS), in which both preeclampsia and cancer diagnoses were
abstracted from medical records.®” The possible connection between preeclampsia and
hepatoblastoma may have been supported by the finding of a lower level of apolipoprotein A-1
(Apo A-I) protein expression in the umbilical cord blood from pre-eclamptic pregnancies also
identified in children with hepatoblastoma and this protein has been suggested as a serum
biomarker for early diagnosis of hepatoblastoma.** *’As reflected by our estimates from a
marginal structural model that controlled for direct effects, the association between maternal
preeclampsia and hepatoblastoma can be partly explained by mediation by NICU attendance and
the intensive medical care associated with it. A previous investigation identified di-(2-
ethylhexyl) phthalate (DEHP), a commonly applied plasticizer in medical devices and tubing, as

a rodent hepatocarcinogen.™*® *** Infants going through intensive and long-term medical
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interventions such as mechanical ventilation and oxygen therapy are more likely to be exposed to

high cumulative doses of DEHP which have tumorigenic effects on the immature liver.**

Most epidemiologic research has focused on adult rather than childhood germ cell tumours due
to their much higher incidence; only a limited number of previous studies were designed to
investigate the effect of perinatal factors on paediatric germ cell tumours. Different from our
results, a null association between preeclampsia and paediatric testicular germ cell tumours was
previously observed in a record linkage study in Nordic countries,* but the studies are difficult
to compare since the Nordic study was restricted to boys only and included cases up to age 18;
thus, the histologic types of cancer also differed due to the case ages as did the ethnic/racial

composition of the two populations (our study included 45% Hispanics).

Germ cell tumours are presumed to arise from pluripotent primordial germ cells and show a
broad range of possible histologies.**® Both biologic features and clinical presentation differ by
histologic subtype of germ cell tumours, which implies distinct aetiologies and necessitates
subgroup analysis. Differential epigenetic changes, microRNA expression and signalling
pathway activation were observed in certain subtypes of germ cell tumours, which provided
potential biological evidence for distinct preeclampsia—germ cell tumor associations in
epidemiologic studies. Interestingly, miR-182, that functions by downregulating immune
response and antiapoptosis genes,*** was found to be overexpressed in preeclamptic placentas
and, was also suggested to be specifically linked to seminomas in contrast to other germ cell
tumour subtypes.'*? This might partly explain the striking elevated odds for seminomas in

preeclampsia patients observed in our study.
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One typical pathophysiologic change in preeclampsia is placental hypoxia resulting from
abnormal trophoblastic implantation,® which could lead to increased hypoxia-inducible factor
(HIF)-1a and HIF-2a level in the placenta circulation as an adaptive response to the hypoxic
environment. The controlled direct effect of preeclampsia on increased teratoma odds is possibly
driven by HIF-2a’s tumour promoting effect by altering stem cell differentiation through the

activation of Oct-4, as proposed by Covello et al.**?

Consistent with another case control study on haematological malignancies nested within the
UKCCS study population,® no elevated odds were seen for ALL or AML. UKCCS also reported
a doubling in odds for non-Hodgkin’s lymphoma, for which the incidence in children peaks after

the age of 10, outside the age range of our study population.

Strengths of the study

Our population-based study had a sufficient number of cases for many cancer subtypes. By using
a record-linkage design, we did not rely upon interview-collected data for pregnancy
characteristics and avoided recall bias. Furthermore, important confounding variables related to
maternal demographic characteristics, perinatal characteristics and pregnancy history based on
the birth certificate are reliably recorded on birth records lowering the chance of residual
confounding.*** *** The novel findings for germ cell tumour subtypes provide the first

epidemiologic evidence for distinct aetiologies of these cancers.

Limitations of the data
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The results from our study should be interpreted with caution due to the following limitations.
Firstly, our study is subject to misclassification bias. Underreporting of preeclampsia on the birth
certificate was confirmed in our data. The rate of preeclampsia/eclampsia among controls was
2.20%, which is lower than the rate in California reported in a health plan database (4.5% in
2010-2012) ** and in hospital records (3.1% in 2001-2006).*4° The sensitivity of preeclampsia
exposure ascertainment thus is reduced with severe preeclampsia more likely to be recorded on
the birth certificate.*” Additionally, the change in recording of hypertensive conditions during
pregnancy since 2006 attenuated estimates due to non-differential, independent under-reporting
as shown in the restricted analysis in Table A 2.1. Secondly, the birth certificate does not record
the date of onset of pregnancy complications. Researchers have suggested that the pathological
mechanism differs for early and late onset of preeclampsia, but we were unable to consider
timing of disease onset to assess potential effect measure modification.® Nor were we able to
consider the effect of antihypertensives used to control the development of preeclampsia.
Moreover, maternal smoking and maternal BMI were only available after 2006, which prevented
us from adjusting for these two factors in the analysis and this may have caused residual
confounding. An inherent problem of birth outcomes research other than neonatal death is that
we can only assess the outcomes among live births. Since severe preeclampsia significantly
increases the risk of fetal demise®, the competing risk of death prevents some children from

developing childhood cancer. Otherwise, stronger associations might have been observed.

2.6 Conclusions
We found a strong association between paediatric seminomas and fetal exposure to

preeclampsia, a three-fold increased odds of teratomas in children born to mothers who
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experienced preeclampsia, and our findings support a direct effect of preeclampsia on these germ
cell tumours. The observation of distinct associations by histologic subtype of germ cell tumours
provides epidemiologic evidence suggesting heterogeneous pathogenesis. The additional finding
of elevated odds of hepatoblastoma in relation to severe preeclampsia exposure seemed to be due
to an indirect effect through preeclampsia-associated preterm delivery and intensive neonatal
medical care as well as having a direct effect. These findings underscore the importance of
effective interventions targeting modifiable risk factors of maternal preeclampsia and close
monitoring of high-risk women through antenatal health care to prevent the long-term health

effects of in utero exposure to preeclampsia in children.
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2.7  Appendix

Table A 2.1 Maternal preeclampsia during pregnancy and the odds of germ cell tumors by histologic and morphological subtypes, a
subset of data of birth year before 2006.

Cases Adjusted ® OR (95% CI)
Germ Cell Tumors 355 2.2 (1.3,3.7)
Seminomas 15 9.4 (2.1,42.4)
.. Non-Seminomas” 337 2.0 (1.1, 3.4)
Eltigz:éllge?c'klj'y o Teratoma 168 3.5(1.9,6.3)
gietyp Yolk sac tumor 141 NA°®
Other rare types 4 NA °
CNS germ cell tumor 36 3.2(0.7,13.3)
Stratified by Extracranial germ cell tumor 319 2.1(1.2,3.7)
Morphological Malignant gonadal tumor 142 1.2 (0.4, 3.9)
Sites i
turE())('r[racramal and extragonadal germ cell 177 27 (14,5.1)

®Adjusted for maternal age, race/ethnicity, maternal birth place, parity, birth type and birth year
® Only more common subtypes were listed
“Not applicable due to less than five exposed cases

42



Table A 2.2 Maternal preeclampsia during pregnancy and the odds of childhood cancers by
calendar years.

Birthyear 1983 to 2005% Birthyear 2006 to 2011°
N OR (95% Cl) N OR(95% Cl)

All childhood cancers 10997  1.0(0.9,1.2) 2672 1.0(0.8,1.3)
ALL 3690 1.1(0.8,1.3) 443  1.3(0.8,2.4)
AML 562 1.5(0.9,2.5) 178 NA ¢
Lymphoma 540 0.8(0.4,1.7) 80 NA ©
CNS tumor 1965 0.8 (0.5, 1.2) 413 0.7 (0.3, 1.6)
Neuroblastoma and
ganglioneuroblastoma 1083 1.2(0.8,1.7) 302 1.1(0.5,2.3)
Retinoblastoma 582  0.9(0.5,1.7) 164  1.5(0.6, 3.6)
Wilms' tumor 859 1.0(0.6,1.7) 197 1.2(0.5,2.9)
Hepatoblastoma 245  1.8(1.0,3.4) 101 NA ¢
Soft tissue sarcomas 572  0.8(0.4,1.7) 133 1.8(0.7,4.4)
Germ Cell tumors 355 2.2(1.3,3.7) 96 NA ©
Controls 218244 1.0 Reference 53139 1.0 Reference

4 Exposure was preeclampsia or eclampsia during pregnancy

® Exposure was hypertension during pregnancy (including pregnancy-induced hypertension
and preeclampsia) or eclampsia

° Not applicable due to less than five exposed cases
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Chapter 3.  Non-steroidal Anti-inflammatory Drugs Use and Risk of Age-Related
Macular Degeneration in California Teachers Cohort

3.1  Abstract

Background

Age-related macular degeneration (AMD) is a leading cause of blindness in the elderly. Aspirin

and other NSAIDs may have the potential to suppress the development of AMD through

cardioprotective properties (aspirin only) and anti-inflammatory properties, but previous

evidence for AMD is inconclusive.

Methods

In the California Teachers Study (CTS) cohort (N = 88, 481) we identified diagnoses of AMD by

linkage to California Office of Statewide Health Planning and Development (OSHPD) hospital

discharge records between Dec.1990 and Dec.31, 2012. General aspirin, ibuprofen and

acetaminophen use and comprehensive risk factor information was collected in the CTS via self-

administered questionnaires at baseline in 1995-1996, and information on specific anti-

inflammatory drug use (low-dose aspirin, COX-2 inhibitors, other NSAIDs) was provided by a

cohort who completed a follow-up questionnaire in 2005. We employed Cox proportional hazard

regressions models adjusting for a number of potential confounders to model AMD risk during

follow-up.

Results

We identified 1,762 participants with AMD during 14.8 years of average follow-up in this

cohort. We did not find any associations between AMD and frequency and duration of aspirin,

ibuprofen, or acetaminophen (a negative control medication) use reported at baseline. For the

955 AMD cases that occurred after 2005, however, we observed a 20% decrease in risk of AMD
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among low-dose aspirin users (HR =0.81, 95% CI: 0.70, 0.95) and a 55% decrease among COX-
2 inhibitors users (HR = 0.45, 95% CI: 0.26, 0.78) during 6.3 years of average follow-up.
Conclusions

Our study found no associations between use of regular standard-dose aspirin or ibuprofen and
intermediate- or late-stage AMD. However, the decrease in risk among women who reported
regular use of low-dose aspirin or specific COX-2 inhibitors in our 2005 subsample suggests a
possible protective role for medications with COX-2 inhibitive properties or aspirin at doses used

for cardiovascular disease prevention.

3.2 Introduction

Age-related macular degeneration (AMD) is a chronic eye disease affecting the central retina
that can cause irreversible vision loss if left untreated.®* Following cataract and glaucoma, AMD
is the third leading cause of blindness worldwide, a primary cause of vision impairment in
industrialized countries, and is associated with decreased quality of life and increased
dependence on caregivers.®* *® Early-stage AMD is usually asymptomatic and can develop into
one of two forms (dry- or wet-AMD) considered late-stage AMD: 1) geographic atrophy (dry
form), in which accumulating drusen — i.e. yellowish deposits of lipid and proteins- disrupt
photoreceptor cells, causing blind spots in the central vision; and 2) neovascular AMD (wet-
AMD), which is characterized by leaky blood vessels abnormally growing into the retina and
causing swelling and bleeding.®* ® In the US, 6.5% of the population over age 40 is suffering
from AMD at any stage and the prevalence rises steeply to 30-45% of adults ages 75 years or
more. For late-stage disease, the prevalence after age 40 is 1.5% and expected to double by

2020.%°
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Inflammation is proven to be a key component of drusen biogenesis,*** and cyclooxygenase-2
(COX-2), an inducible enzyme involved in the process of inflammation, is highly expressed in
choroidal neovascular membranes in wet-AMD patients.**® These findings warrant research on a
putative beneficial effect that anti-COX-2 medications may have for AMD. Aspirin and other
nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit COX enzymes and may also have the
potential to prevent the development of AMD. Along with acetaminophen, they are the most
commonly used analgesics in the adult population used to treat chronic pain or manage
inflammatory disorders with widespread availability from prescriptions as well as over-the-
counter sales.’® ! Moreover, low-dose (baby) aspirin is widely used for its antithrombotic
properties in the primary and secondary prevention of cardiovascular diseases, such as heart

attack and stroke, both of which are clinical risk factors for AMD.**?1°

Except for aspirin, few previous studies examined associations between different types of
NSAIDs and AMD. A nested case-control study conducted among veterans found reduced AMD
risk in subjects who had filled prescriptions for any anti-inflammatory medications (OR = 0.15)
and also for each subtype of anti-inflammatory medication including aspirin.**® Negative
associations between long-term low-dose aspirin use and AMD were also reported in two clinical
trials with an average of 5 years- and 10 years of follow-up respectively.*?> **  In contrast, two
large cohort studies with more than 10 years of follow-up concluded that self-reported regular
aspirin users (at any dose) had a 2 to 2.5 times increased risk for developing wet-AMD compared
with non-regular users, and this raised concern about the side effects of aspirin’s inhibition of
platelet-mediated release of vascular endothelial growth factor (VEGF) and subsequently

induced hypoxia.?® *21: 158 | ong-term aspirin use may affect AMD through three mechanisms: 1)
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reduce neovascularization through COX-2 inhibition; 2) reduce the development of AMD
through its cardioprotective effects; or 3) stimulate neovascularization at the retina as a result of
platelet inhibition and hypoxia. Non-aspirin NSAIDs are thought to affect AMD through the first

mechanism only.

The primary aim of our study was to assess associations between long-term use of NSAIDs that
are affecting the pathways described above and AMD in a cohort of California teachers who
were followed over a 17-year period, accounting for frequency, duration, and co-medication use.
Since acetaminophen is the most common pain medication used for similar indications as aspirin
and other NSAIDs such as managing musculoskeletal pain and chronic headaches, but does not
have anti-inflammatory or cardioprotective properties, here we used acetaminophen as a negative
control to assess bias by indication. We refer to aspirin, ibuprofen and acetaminophen that were
assessed at baseline as baseline analgesics use. We also assessed associations between low-dose
aspirin, standard-dose aspirin, ibuprofen, other non-selective NSAIDs, and COX-2 inhibitors and
AMD in the subsample that reported on these medications in the 2005 questionnaire. This
subsample also had information on steroid medication use which allowed us to examine whether

the COX pathway is most important for the anti-inflammatory action in preventing AMD.

3.3 Methods

A detailed description of the California Teachers Study (CTS) and the data available from it has
been published.™ 1% Briefly, a prospective cohort of 133,479 female California teachers and
school professionals who completed and returned a baseline self-administered questionnaire in

1995-1996 were followed both actively with questionnaires and passively with linkage to vital
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statistics, cancer registries, and hospitalization records. Comprehensive sociodemographic, life-
style and health history information was collected at baseline and again in 1997, 2000, 2005, and
2011. The CTS cohort was annually linked to the California Office of Statewide Health Planning
and Development (OSHPD) hospital discharge records and to the California Automated
Mortality Linkage System, the Social Security Administration Death Master File and the

National Death Index.

With institutional review board (IRB) approval, we generated a linked hospital, vital status
(including out of state mortality) and baseline questionnaire dataset for each CTS participant.
Eligibility was limited to women who were California residents at baseline and had at least one
OSHPD record available (N = 89,877). Participants who, according to OSHPD records, suffered
from AMD prior to completing the baseline questionnaire (N = 22) and those who did not report
their regular analgesic medication use (n = 1,347) at baseline were excluded, leaving 88,481

participants for analysis.

Any AMD event was identified (ICD-9-CM codes 362.50, 362.51, 362.52, and 362.57) from
three different OSHPD data sources: hospital discharge data (available from 12/1990--12/2012),
ambulatory service data (01/2010—12/2012), and emergency department data (01/2010—
12/2012); all of which captured up to 25 diagnoses and the date of service for the primary reason
of the visit. The first AMD event (earliest date of AMD diagnosis in hospital record system) was
considered the incident date. According to the guideline for secondary diagnoses in hospitals,***

only co-existing conditions that affect current treatments should be recorded. Thus, we assume

that the majority of AMD cases identified in this manner were intermediate to advanced and had
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impaired central vision, because these patients are more likely to require additional therapeutic
procedures, and increased nursing care and have an extended length of stay.'®® In contrast,
patients with early stage AMD do not meet the criteria for a comorbid disorder relevant to
current treatment and care during hospitalization; thus, we most likely did not capture as many of

these with our passive linkage to hospital discharge records.

Follow-up started the day the baseline questionnaire was completed by a participant and ended at
the earliest occurrence of one of the four events: 1) AMD diagnosis; 2) moving out of California;
3) death; 4) date of the most recent linkage of the CTS to OSHPD records (Dec. 31%, 2012).
Address information was collected yearly from the U.S. Postal Service National Change of
Address database, the California Department of Motor Vehicles, and/or was self-report in
subsequent questionnaires. Participants who had moved out of California for more than a one
year period were right-censored at the last time they were contacted in California since only

inpatient visits in a hospital in California are captured in the OSHPD system.

At baseline, participants reported regular medication use (at least once per week), average
frequency of use (1-3, 4-6, or 7 days per week), and total years of use (<1, 1, 2, 3-4, 5-9, or >10).
Regular aspirin (Anacin, Bufferin, Excedrin), acetaminophen (Tylenol, Anacin-3, Panadol,
Aspirin Free Excedrin, etc.), and ibuprofen (Advil, Motrin, Nuprin) consumption were asked
separately. More detailed NSAIDs use was recorded in a subsequent questionnaire mailed to
cohort members in 2005: ‘baby’ or low-dose aspirin, aspirin (Anacin, Bufferin, Excedrin),
acetaminophen (Tylenol, Tempra, Aspirin Free Excedrin, etc.), ibuprofen (Advil, Motrin), COX-

2 inhibitors (Celebrex, Vioxx), and naproxen, ketoprofen or other NSAIDs (Aleve, Feldene,
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Indocin, Naprosyn, Orudis, Relafen). Regular steroid use, either in pill- or inhaled-form was also

queried.

Potential confounder and effect modifier information was identified from questionnaire data or
OSHPD hospital discharge records and were selected based on the literature on AMD.%> %% we
included in our models age (continuous), race/ethnicity (Non-Latina white, African-American,
Latina, Asian/Pacific Islander, Other), body mass index (<18.5, 18.5 to 25, 25 to <29, >30),
smoking (never, former, current), alcohol use in the year prior to baseline (no use, less than 20
grams per day, greater than 20 grams per day), lifetime average moderate or strenuous physical
activity per week (<2h, 2 to <4 h, 4 to <6 h, 6 h or more), history of high blood pressure (yes,
no), and antihypertensive medication use; indications and contraindications for aspirin and other
NSAIDs obtained from OSHPD hospital discharge data, including diagnoses of circulatory
system diseases (ICD-9-CM: 390-459), diseases of the musculoskeletal system and connective
tissue (ICD-9-CM: 710-739), diabetes (ICD-9-CM: 250), baseline asthma or allergic rhinitis
(ICD-9-CM: 493 and 477), and baseline coagulation/hemorrhagic disease (ICD-9-CM: 286-289).
We also assessed percent daily dietary calories from fat (continuous), and dietary antioxidant
consumption (average daily dose) but we ultimately decided to not include them in our analyses

because the less than 10% change in the point estimate of the association.

In the analyses of 2005 medication data, all the above-mentioned risk factors were updated to
reflect the most recently available data (subsequent questionnaires and OSHPD hospital
discharge data). We additionally adjusted for the type of health insurance as a proxy for family

income and access to health care, regular consumption of medications to treat respiratory
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conditions with anti-inflammatory properties (cromolyn, nedocromil, zileuton, zafirlukast,

montelukast) and statin use in our analyses.

Statistical Analysis

Multivariable Cox proportional hazards regression was used to assess the association between
pain medication use and AMD, using calendar time at start and end of follow-up (in days) to
define person-time. We examined the baseline analgesics in categories of frequency and duration
of use, and tested for trend using category midpoints. To account for potential effects from use of
other classes of analgesics, we calculated the approximate intensity of each of the three
medications by multiplying the average frequency and total years of use and mutually adjusting
in our models for these variables. The proportional hazards assumption was checked using
Kaplan-Meier survival curves and graphs of the log(-log(survival)) versus log of survival time;
parallel lines indicated proportionality of hazards.'®* Stratified analyses were performed to assess
possible confounding by indication and potential effect measure modification due to physical

activity.

To distinguish low-dose and standard-dose of aspirin use and examine more categories of
analgesic use, Cox proportional hazard regression with inverse probability weighting methods
was applied in the subsample analyses that relied on the 2005 questionnaire information. After
excluding women who developed AMD before 2005 or did not return this questionnaire, 50,202
subjects were eligible for the subsample. Separate weights for each type of analgesic intake were
generated using logistic regression to address the potential confounding or censoring bias

without impairing statistical power. The inverse weight was generated from two components, the
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probability of taking a medication given risk factors discussed above and the probability of being

censored prior to study end.

We performed sensitivity analyses by excluding women who had the first AMD diagnosis within
the first two or five years of follow-up in the primary cohort and two years only in the subsample
from 2005 onward to exclude prevalent AMD cases. Women who had a previous hospital record
with no record of AMD within two years of the first AMD diagnosis were considered as incident
AMD. Excluding the first two years of AMD diagnoses after 1995 or 2005 did not change our
results more than minimally so here we report results only among the entire cohort without the

exclusion.

To account for possible selection bias due to only including women with at least one OSHPD
record (72% of eligible CTS subjects), we also conducted additional sensitivity analyses
applying Cox models weighted by the inverse probability of selection (Table A 3.1). All

analyses were performed using SAS Version 9.4 (SAS Institute, Cary, NC).

3.4  Results

Among 88,481 female teachers, we identified 1,762 subjects with AMD. During an average of
14.8 years follow-up, 6598 (7.5%) women moved out of California for a period of more than one
year and 16,444 (18.6%) died, leaving 63,677 (72%) subjects who were right censored at end of
follow-up (Dec.31, 2012). The median time to a first AMD diagnosis was 13.5 years
(interquartile range: 10.2, 15.5). The distribution of demographic and life-style factors for the

study population and AMD cases are presented in Table 3.1. AMD frequency increased sharply
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with increasing age and was higher among Whites, overweight women (BMI 25-29.9 kg/m?),
women who exercised little (<2 hr/week moderate and strenuous physical activity), and women
with a self-reported history of medical conditions at baseline that are known to contribute to
AMD (high blood pressure, heart attack, stroke and diabetes). The current smoking rates were
low in the cohort and comparable between AMD cases and controls, but total pack-years of
smoking was higher among AMD cases due to a higher proportion of former smokers. A similar
proportion of women drank alcohol, but heavier drinkers (>20 g/day) were more common among
AMD cases. Analgesic consumption in relation to demographic characteristics and health-related
factors in the CTS has been previously described.*®* ** Overall, women reporting aspirin,
ibuprofen, and acetaminophen use were more often white, overweight and obese, and current or
former smokers. Daily aspirin users were slightly older on average (65.3 vs. 60.0 and 63.3 for
daily ibuprofen and acetaminophen) and acetaminophen users were more likely to report a lower

alcohol intake (more than 20g per day).

Regular aspirin users were more likely to have a self-reported history of high blood pressure,
stroke, heart attack, and were less active in terms of their reported moderate and strenuous
physical activities compared with regular ibuprofen and acetaminophen users.

Regular aspirin users were more likely to take these medications for more days per week and a
higher proportion were long-term (> 5 years) compared with ibuprofen and acetaminophen users
(Table 3.2). The hazard ratio for AMD was above one for most of the use categories of aspirin
and acetaminophen (between 1.00 and 1.29) but no trend was apparent for frequency or duration,

while regular ibuprofen use was not associated with AMD. When we jointly examined frequency
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and duration of use, the highest intensity use (more than 3 days per week and longer than 5

years) for the three baseline analgesics did not increase the risk of AMD (Table 3.3).

For women in the 2005 subsample, the median time to diagnosis of AMD was 4.3 years
(interquartile range: 2.9, 7.1). We estimated negative hazard ratios for use of low-dose aspirin
(HR =0.81, 95% CI: 0.70, 0.95) and Cox-2 inhibitors (HR = 0.45, 95% CI: 0.26, 0.78) (Table
3.4). Regular acetaminophen use was positively associated with AMD risk (HR = 1.24, 95% CI:
1.06, 1.45) after accounting for the intensity of previous analgesic use and concurrent use of

other classes of anti-inflammatory drugs or acetaminophen.
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Table 3.1 Demographic characteristics and lifestyle factors of study population at baseline in the California Teachers Cohort, 1995-

2012 (N=88,481).

- All Exposure to Exposure to Exposure to
Characteristics Participants AMD Cases rgspirin ibzpmfen acet{fminophen
Total 88481 (100%) 1762 (100%) 21212 (100%) 18335 (100%) 12399 (100%)
Age
<50 35500 (40.1%) 53 (3.0%) 5637 (26.6%) 8289 (45.2%) 5865 (47.3%)
51-60 19916 (22.5%) 143 (8.0%) 5370 (25.3%) 4549 (24.8%) 2673 (21.6%)
61-70 16571 (18.7%) 498 (28.3%) 4929 (23.2%) 3033 (16.5%) 1940 (15.6%)
71-80 11825 (13.4%) 743 (42.2%) 3794 (17.9%) 1870 (10.2%) 1376 (11.1%)
>80 4669 (5.3%) 325 (18.4%) 1482 (7%) 594 (3.2%) 545 (4.4%)
Race/Ethnicity
Non-Latina white 77079 (87.9%) 1662 (95.1%) 19185 (91.3%) 16313 (89.6%) 10822 (87.9%)
African American 2260 (2.6%) 24 (1.4%) 469 (2.2%) 431 (2.4%) 360 (2.9%)
Native American 3709 (4.2%) 20 (1.1%) 572 (2.7%) 712 (3.9%) 613 (5%)
Latina 829 (0.9%) 21 (1.2%) 242 (1.2%) 194 (1.1%) 114 (0.9%)
IslandA:r'a”/ Pacific 2796 (3.2%) 12 (0.7%) 376 (1.8%) 345 (1.9%) 263 (2.1%)
Other 1048 (1.2%) 8 (0.5%) 166 (0.8%) 213 (1.2%) 144 (1.2%)
Missing 760 15 202 127 83
BMI
Underweight 2276 (2.7%) 40 (2.5%) 473 (2.4%) 359 (2%) 301 (2.5%)
Normal 47374 (56.1%) 495 (49.7%) 10477 (52.1%) 8874 (50.2%) 6081 (51%)
Overweight 21831 (25.8%) 525 (32.9%) 5719 (28.4%) 4830 (26.3%) 3236 (27.2%)
Obese 13012 (15.4%) 238 (14.9%) 3447 (17.1%) 3609 (20.4%) 2299 (19.3%)
Unknown 3988 164 1096 663 482
History of High blood
pressure
No 70874 (80.1%) 1140 (64.7%) 15106 (71.2%) 14580 (79.5%) 9571 (77.2%)
Yes 17607 (19.9%) 622 (35.3%) 6106 (28.8%) 3755 (20.5%) 2828 (22.8%)
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History of Heart
attack/MI
No
Yes
History of Stroke
No
Yes
History of Diabetes
No
Yes
Smoking
Never
Passive
Former
Current
Missing
No. of smoking pack-
years
Never or passive
smoker
<10
11-20
>20
Missing
Daily alcohol intake

(9)

None
<20

>20
Unknown

87035 (98.4%)
1446 (1.6%)

87189 (98.5%)
1292 (1.5%)

85492 (96.6%)
2989 (3.4%)

16782 (19.2%)
40368 (46.1%)
25751 (29.4%)
4590 (5.2%)
990

57150 (67.4%)

14052 (16.6%)
5187 (6.1%)
8464 (10.0%)
3628

29086 (34.9%)
47340 (56.7%)
7015 (8.4%)
5040

1707 (96.9%)
55 (3.1%)

1725 (97.9%)
37 (2.1%)

1659 (94.2%)
103 (5.8%)

270 (15.5%)
735 (42.2%)
642 (36.8%)
96 (5.5%)
19

1005 (59.9%)

246 (14.7%)
126 (7.5%)
301 (17.9%)
84

578 (35.1%)
898 (54.5%)
173 (10.5%)
113

56

20398 (96.2%)
814 (3.8%)

20600 (97.1%)
612 (2.9%)

20260 (95.5%)
952 (4.5%)

3059 (14.6%)
9393 (44.8%)
7228 (34.4%)
1308 (6.2%)
224

12452 (61.3%)

3611 (17.8%)
1498 (7.4%)
2742 (13.5%)
909

6715 (33.4%)
11301 (56.1%)
2117 (10.5%)
1079

18114 (98.8%)
221 (1.2%)

18118 (98.8%)
217 (1.2%)

17741 (96.8%)
594 (3.2%)

3050 (16.8%)
8268 (45.6%)
5762 (31.8%)
1067 (5.9%)
188

11318 (64.4%)

3231 (18.4%)
1218 (6.9%)
1821 (10.4%)
747

5520 (31.7%)
10217 (58.7%)
1666 (9.6%)
932

12173 (98.2%)
226 (1.8%)

12155 (98%)
244 (2%)

11904 (96%)
495 (4%)

2082 (17%)
5667 (46.2%)
3810 (31.1%)
709 (5.8%)
131

7749 (65.1%)

2112 (17.7%)
794 (6.7%)
1251 (10.5%)
493

4184 (35.6%)
6586 (56.1%)
967 (8.2%)
662



Lifetime moderate
and strenuous
physical activity
(h/week)

<2

2to4

4t0 <6

>6

Unknown

29272 (33.3%)
21822 (24.8%)
14426 (16.4%)
22319 (25.4%)
642

804 (46%)
386 (22.1%)
240 (13.7%)
317 (18.1%)
15

7616 (36.2%)
5149 (24.5%)
3283 (15.6%)
5000 (23.8%)
164

5604 (30.8%)
4567 (25.1%)
3088 (17%)
4947 (27.2%)
129

3990 (32.4%)
3049 (24.8%)
2036 (16.5%)
3242 (26.3%)
82
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Table 3.2 Self-reported NSAIDs and acetaminophen use at baseline and age-related macular degeneration stratified by intensity and
duration of use in California Teachers Cohort, 1995-2012 (N=88,481).

Frequency and Aspirin Ibuprofen Acetaminophen
duration of No. of Adjusted-HR No. of Adjusted-HR No. of Adjusted-HR
analgesics use participants (95% CI) ® participants (95% CI) 2 participants (95% CI) @
Frequency of
regular use
(days/week)
None 67269 (76.6%) 1.00 (Ref.) 70146 (80.3%) 1.00 (Ref.) 76082 (86.7%) 1.00 (Ref.)
1to3 9539 (10.9%) 1.20(0.93,1.55) 9241 (10.6%) 0.97(0.72,1.31) 8130 (9.3%) 1.21(0.85,1.73)
More then 3 11011 (12.5%) 1.16(0.95,1.41) 7945(9.1%) 1.17(0.94,1.45) 3513 (4.0%) 1.29(0.94, 1.78)
P trend 0.48 0.22 0.69
Duration of
regular use (yrs)
Never 67269 (76.6%) 1.00 (Ref.) 70146 (79.5%) 1.00 (Ref.) 76082 (86.7%) 1.00 (Ref.)
<lto2 5270 (6.0%) 1.28(0.94,1.73) 7932(9.0%) 1.03(0.71,1.48) 2908 (3.3%) 1.22(0.80, 1.86)
3to4 2796 (3.2%)  1.26(0.90,1.76) 3920 (4.4%) 0.86(0.57,1.31) 1672(1.9%) 1.00 (0.61, 1.66)
>5 12650 (14.4%) 1.22(0.96,1.55) 6178 (7.0%) 1.01(0.69,1.48) 7556 (8.6%)  1.08 (0.77, 1.51)
P trend 0.77 0.97 0.58

& Multivariate model adjusted for age, smoking, diabetes, race/ethnicity, BMI, physical activities, alcohol use, hospitalization due to
musculoskeletal system and connective tissue disease, hospitalization due to circulatory disease, asthma, coagulation/hemorrhagic
conditions, antihypertensives use, frequency/duration of the index medication, and mutually adjusted for intensity of other classes of
medication
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Table 3.3 Joint analysis of dose and duration of regular NSAIDs and acetaminophen use at
baseline and risk of age-related macular degeneration in California Teachers Cohort, 1995-2012

(N=88,481).
Frequency Year of Use
(times/wk) Never <5° >5°
Aspirin None 1.00 (ref.)
1to3 1.23(0.90, 1.67)  1.14(0.93, 1,40)
4 or more 1.14 (0.96, 1.35) 1.12 (0.95, 1.33)
Ibuprofen None 1.00 (ref.)
1to3 1.12 (0.85,1.47)  0.93(0.61, 1.40)
4 or more 1.16 (0.96,1.39)  1.23(0.95, 1.60)
Acetaminophen None 1.00 (ref.)
1to3 1.23(0.87,1.74)  1.07(0.81, 1.42)
4 or more 1.19(0.88,1.62) 1.24(0.91, 1.69)

 Multivariate model adjusted for age, smoking, diabetes, race/ethnicity, BMI, physical activities,

alcohol use, hospitalization due to musculoskeletal system and connective tissue disease,
hospitalization due to circulatory disease, asthma, coagulation/hemorrhagic conditions,
antihypertensives use, and mutually adjusted for intensity of other classes of medication.
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Table 3.4 Self-reported NSAIDs and acetaminophen use in subsequent (2005) questionnaire and
age-related macular degeneration in California Teachers Cohort, 2005-2012 (N=50,202).

Regular Medication use at 2005  No. of participants  Multivariable adjusted-HR @

Baby" or low-dose aspirin

No 35834 (71.4%) 1.00 (ref.)
Yes 14368 (28.6%) 0.81 (0.70, 0.95)

Aspirin
No 43594 (86.9%) 1.00 (ref.)
Yes 6596 (13.1%) 0.90 (0.73, 1.12)
Unknown 12

Naproxen, ketoprofen or other

NSAIDs
No 45265 (90.2%) 1.00 (ref.)
Yes 4933 (9.8%) 1.00 (0.79, 1.27)
Unknown 4

Ibuprofen
No 40012 (79.7%) 1.00 (ref.)
Yes 10184 (20.3%) 0.90 (0.75, 1.07)
Unknown 6

COX-2 Inhibitors
No

48302 (96.2%)

1.00 (ref.)

Yes 1897 (3.8%) 0.45 (0.26, 0.78)
Unknown 3

Steroid
No 42859 (87.7%) 1.00 (ref.)
Yes 5993 (12.3%) 0.91 (0.73, 1.13)
Unknown

Acetaminophen
No 38697 (77.1%) 1.00 (ref.)
Yes 11504 (22.9%) 1.24 (1.06, 1.45)
Unknown 1

& Multivariate model adjusted for updated age, smoking, diabetes, race/ethnicity, BMI, physical
activities, alcohol use, hospitalization due to musculoskeletal system and connective tissue
disease, hospitalization due to circulatory disease, asthma, coagulation/nemorrhagic conditions,
antihypertensives use, previous analgesics use and mutually adjusted for other classes of
medication.
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3.5  Discussion

In a prospective cohort of California teachers followed on average for 14.8 years, regular
consumption of aspirin or ibuprofen was not associated with increased risk of intermediate- or
late-stage AMD. For the subsample of CTS participants who answered to the 2005 questionnaire,
low-dose aspirin was assessed separately from standard-dose, and we observed a 20% decrease
in the risk of AMD among women who regularly used low-dose aspirin. A potential beneficial
effect was also seen in women who used selective COX-2 inhibitors, in fact, their risk of

developing AMD was 55% lower.

Acetaminophen was presumed to have no association with AMD since it lacks proposed AMD-
suppressive anti-inflammatory properties but due to its similar indications of use as NSAIDs it
was used as a negative control. Thus, the hazard ratio greater than one for AMD among regular
acetaminophen users implies that the underlying indications for analgesics use contribute to
increased AMD risk may explain the estimated hazard ratios above 1 for aspirin and ibuprofen
use at baseline. Also in 1995, regular aspirin users would have been taking a standard dose
(325mg) rather than the cardioprotective low-dose aspirin (81mg) recommended later in the early
2000s by the American Heart Association guidelines'®, and the daily doses of NSAIDs may also

have varied according to the indication of use:*®" %%

specifically the common dose at which
ibuprofen is used for pain and anti-inflammatory purposes are 400-800 mg per day. Dose

information, however, was not ascertained in the baseline questionnaire.

To assess potential residual confounding by indications, we conducted sensitivity analyses

examining women with cardiovascular diseases or musculoskeletal disorders at baseline. Among
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women with an OSHPD record of circulatory system disease at baseline, infrequent aspirin users
(1-3 days/week) were at a higher risk of AMD compared with more frequent users (Table A
3.2). In women with baseline hospital diagnoses of musculoskeletal system and connective tissue
disease, regular aspirin and ibuprofen users did not increase or decrease their AMD risk. A
slightly increased AMD risk among regular aspirin users was only observed among women who
did not have cardiovascular diseases or severe musculoskeletal disorders at baseline, implying
that either other unmeasured indications such as arthritis that did not require hospitalization or

regular high dose aspirin use itself may contribute to an increased AMD risk.

Previous studies of aspirin use and AMD risk reported negative, null, as well as positive
associations possibly due to the lack of a uniform definition of AMD, heterogeneous patterns of
anti-inflammatory medication use, different lengths of follow-up, different degrees of residual
confounding, and possibly confounding by indication. Two population-based longitudinal studies
observed 2.2-2.5 times increased risk of incident neovascular AMD over 15 years of follow-up
among participants who self-reported using aspirin more than one time per week, and a positive
trend was seen with increasing frequency of use, however the authors did not find a trend with
increasing dose. A null association was observed for geographic atrophy in these same studies.
120.138 The positive association between aspirin use and wet AMD and the lack of an association
for geographic atrophy was also seen in the European Eye Study, a cross-sectional assessment of
frequent aspirin use and AMD prevalence.'® Long-term aspirin use reduces synthesis of
prostacyclin and leads to hypoxia with subsequent stimulation of neovascularization in the
retina,*** however, this positive association might also be due to selection bias from differential

censoring by AMD status since these cohorts had high follow-up loss rates (44% and 48%).'2*
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138 1n these cohorts standard retinal exams were performed at each follow-up visit, thus, subjects
with existing maculopathies which require frequent monitoring of their retinal condition may
have had higher incentives to participate. Estimates of the association between aspirin and AMD
would be biased away from the null if those who were lost to follow-up were those without any
retinal disorders and also those who had more medical conditions that necessitate aspirin use,
thus making them more likely to drop-out due to severe health problems. The CTS follow-up we
employed — OSHPD linkage - was passive in nature thus making a selective loss to follow-up

among users less likely.

In contrast to these prospective cohort and cross-sectional studies, a clinical trial of female health
professionals suggested a 20% decreased risk of AMD over ten years following 100 mg regular
aspirin use (on alternate days i.e. ~3 days per week) to prevent cardiovascular diseases,'?? which
is consistent with our findings of a 20% inverse association between ‘baby’ aspirin use and risk
of AMD. Another randomized clinical trial of physicians followed for five years reported a
comparable size risk reduction.*® The proposed mechanism for aspirin are its beneficial effects
on cardiovascular disease and atherosclerosis, which are risk factors for AMD development.®® 1
Moreover, low dose aspirin can up-regulate the production of a local endogenous anti-
inflammatory mediator.?° The inhibitive effects of aspirin on isoforms of the COX enzymes
is irreversible and non-selective. Aspirin exerts its anti-thrombotic function through the
acetylation of COX-1, a constitutive enzyme that is responsible for platelet aggregation. Long-
term suppression of platelet aggregation is thought to decrease the progression to atherosclerosis,

a common etiologic factor for cardiovascular disease and age-related macular degeneration.*™

172 Deactivation of COX-2 by aspirin, on the other hand, reduces the production of

63



proinflammatory prostaglandins. Aspirin-triggered anti-inflammatory mediators have the
potential to suppress drusen formation.'”® Another plausible biologic explanation is that the
inhibition of COX-2 expression can regulate VEGF levels and prevent the development of

neovascular AMD.'#°

Ignoring duration and frequency of aspirin use reported at baseline, the effect estimate for any
aspirin use and risk of AMD in our data (HR = 1.12, 95% CI 1.00, 1.25) was similar to a

previously reported pooled estimate *"

of risk for AMD in aspirin users that did not distinguish
between low- and the standard-dose (RR =1.09, 95% CI, 0.96, 1.24). In comparison, the HR for
any acetaminophen use — our negative control medication - was 1.19 (95% CI: 1.09, 1.39). The
discrepancy between the estimate for aspirin use in 1995 and as reported in 2005 in addition to
being due to aspirin dose, may also be due to differences in residual confounding, lengths of
follow-up, or a higher baseline risk of AMD among non-aspirin users in 2005 compared with
1995. As discussed earlier, certain underlying conditions that necessitate analgesic use may have
confounded the association between baseline aspirin use and AMD.®%** Since the
hospitalization rate for arthritis patients is only 30%,'”> OSHPD records likely under record
arthritis in the CTS women who were not hospitalized for other medical conditions, leading to
potential residual confounding due to indication. However, this was partly addressed by
adjusting for the use of other classes of anti-inflammatory medications i.e. information provided
in the 2005 questionnaire. Moreover, a small group of women who were aspirin users in 1995

but had discontinued use in 2005 - probably due to side effects — and interestingly these women

were also at a higher risk of developing AMD compared with never users (Table A 3.3).
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Previous studies reported inconclusive findings for non-aspirin NSAID use and AMD but few
had information about the types of NSAIDs participants used. No association was observed
between self-reported regular non-aspirin NSAIDs use and the five-year incidence of early- or
late-stage AMD in two prospective cohort studies.™” **® In our 2005 subcohort analysis, a 60%
decreased risk of AMD was detected specifically for COX-2 inhibitors but not for ibuprofen or
other NSAIDs. This finding is further supported by an animal study in which oral administration
of selective COX-2 inhibitors suppressed retinal VEGF expression and vascular leakage.''*
Although we cannot preclude the possibility of existing early-stage AMD at the time of
completing the 2005 questionnaire, it was unlikely that women would stop taking NSAIDs after
developing early-stage disease since a previous large multicenter study of AMD indicated a
potentially protective effect of non-aspirin NSAIDs use on the risk of progression to geographic
atrophy though not neovascular AMD."® The biologic explanations of potentially beneficial
effects for COX-2 inhibitors are similar to aspirin, except that non-aspirin NSAIDs do not have
anti-thrombotic or cardioprotective effects.

Our study has several strengths. This prospective study with routine passive follow-up via
administrative hospital records provides us with a long average follow-up time and precludes
self-selection out of this cohort. The large number of AMD cases observed enabled us to
investigate effects for individual medications by duration and frequency and account for
concurrent use of other types of medication. Furthermore, the self-reported medication use
covered prescription and non-prescription anti-inflammatory medications and the use of OSHPD
records allowed us to examine a comprehensive set of potential confounding factors, including
indications and contraindications for aspirin and other NSAIDs use. However, there are also

several limitations most notably, we had to rely on secondary diagnoses in hospitalization
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records to identify AMD, thus the onset of early AMD could not be captured with this passive
follow-up method. On the other hand, we did not have to rely on self-reported diagnoses and any
outcome misclassification would be expected to be non-differential. Moreover, we were not able
to disentangle any effects of medications on incident AMD from their effect on progression from
early- to late-stage AMD. However, aspirin use has not been reported to contribute to AMD

7812 and in sensitivity analyses that excluded AMD cases within the first two or

progression
even five years of follow-up effect estimates did not change. Also, we were not able to separate
geographic atrophy and neovascular AMD, which may have different pathophysiologies.'"
However, neovascular AMD is rare and can also be considered as the more severe and late stage
form of AMD. Third, our study may suffer from bias due to non-differential misclassification of
frequency and duration of medication use. Also, we had limited information to evaluate
cumulative dose-response patterns since participants may have changed the frequency of their
medication use over time. Lastly, we cannot rule out the possibility that the negative association
between low-dose aspirin use was due to ophthalmologists’ suggestion to avoid or discontinue
regular use of aspirin to reduce AMD progression, since a number of subjects may have had
early stage AMD by the time they completed the 2005 questionnaire; but as noted previously we

excluded all cases diagnosed prior to baseline and in some of our analysis excluded all cases

identified in the first five years of follow- up.*’’

3.6 Conclusions
The risk of intermediate- or late-stage AMD among women who reported regularly taking low-
dose aspirin or COX-2 inhibitors was reduced in California teachers. However, standard-dose

aspirin use and ibuprofen or other NSAIDs use was not protective, if anything our estimates
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suggested an increased risk. The elevated risk we also estimated for acetaminophen use, our
negative control medication, suggests that these increased risk estimates might be due to
confounding by indication. Future prospective studies of AMD and pain medications should

evaluate the dosage, type, and timing of analgesic use.*”
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3.7  Appendix

Table A 3.1 Demographic characteristics and lifestyle factors of participants at baseline in the California Teachers Cohort, 1995-2012
(N=122,629).

Participants Study . .
with No populat!on _ o ML_JItlvarlabIe
Characteristics hospitalization (QA resident Age-adjusted Ml_JItlvarlabIe adj_usted-HR
data (All CA with at least 1 HR adjusted-HR @ weighted by .
. OSHPD 1/P(selection)
residents)
record)
Total 34148 (100%) 88481 (100%) NA NA NA
Age
<50 17615 (51.6%) 35500 (40.1%) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
5.11 (3.73, 4.30 (3.07, 4.30 (3.11,
51-60 10038 (29.4%) 19916 (22.5%) 7.00) 6.01) 5.94)
23.70 (17.86, 19.60 (14.50, 20.05 (14.92,
61-70 3868 (11.3%) 16571 (18.7%) 31.46) 26.55) 26.93)
71.80 (54.33, 57.22 (42.39, 58.46 (43.60,
71-80 1654 (4.8%) 11825 (13.4%) 94.90) 77.24) 78.39)
200.03 (149.28, 160 (116.12, 164 (119.68,
>80 973 (2.8%) 4669 (5.3%) 268.02) 220.81) 226.16)
Race/Ethnicity
Non-Latina white 29157 (86.2%) 77079 (87.9%) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.56 (0.37, 0.63 (0.41, 0.68 (0.45,
African American 991 (2.9%) 2260 (2.6%) 0.84) 0.96) 1.04)
0.66 (0.42, 0.61 (0.36, 0.58 (0.34,
Native American 1446 (4.3%) 3709 (4.2%) 1.03) 1.01) 1.00)
0.99 (0.64, 0.99 (0.58, 0.98 (0.55,
Latina 283 (0.8%) 829 (0.9%) 1.52) 1.68) 1.74)
Asian/Pacific 0.31 (0.18, 0.24 (0.12, 0.27 (0.13,
Islander 1488 (4.4%) 2796 (3.2%) 0.55) 0.49) 0.53)



Other
Missing

BMI

Underweight
Normal

Overweight

Obese
Unknown

History of High blood
pressure

No

Yes
History of Heart
attack/MI

No

Yes

History of Stroke
No

Yes

History of Diabetes

468 (1.4%)
315

921 (2.8%)
21056 (63.9%)

7499 (22.8%)

3484 (10.6%)
1188

30239 (88.6%)

3909 (11.4%)

33961 (99.5%)

187 (0.5%)

33874 (99.2%)

274 (0.8%)

1048 (1.2%)
760

2276 (2.7%)
47374 (56.1%)

21831 (25.8%)

13012 (15.4%)
3988

70874 (80.1%)

17607 (19.9%)

87035 (98.4%)

1446 (1.6%)

87189 (98.5%)

1292 (1.5%)
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0.80 (0.40,
1.61)

1.25 (0.91,
1.71)
1.00 (ref.)
1.18 (1.05,
1.31)
1.21 (1.04,
1.39)

1.00 (ref.)
1.25 (1.13,
1.38)

1.00 (ref.)
1.14 (0.87,
1.50)

1.00 (ref.)
1.02 (0,74,
1.42)

0.69 (0.28,
1.65)

1.12 (0.78,
1.61)
1.00 (ref.)
1.14 (1.01,
1.28)
1.06 (0.90,
1.24)

1.00 (ref.)
1.17 (0.97,
1.40)

1.00 (ref.)
1.05 (0.77,
1.42)

1.00 (ref.)
0.95 (0.66,
1.36)

0.69 (0.28,
1.71)

1.12 (0.77,
1.65)
1.00 (ref.)
1.16 (1.02,
1.31)
1.08 (0.91,
1.29)

1.00 (ref.)
1.16 (0.96,
1.42)

1.00 (ref.)
1.05 (0.75,
1.49)

1.00 (ref.)
0.95 (0.63,
1.41)



No

Yes

Smoking
Never

Passive
Former

Current
Missing

No. of smoking pack-
years

Never or passive
smoker

<10
11-20

>20
Missing

Daily alcohol intake

(9)

None

<20
>20

33615 (98.4%)

533 (1.6%)

6555 (19.4%)
16314 (48.4%)
9253 (27.4%)

1594 (4.7%)
432

22869 (69.9%)
5881 (18%)
1901 (5.8%)

2077 (6.3%)
1420

10188 (31.3%)

19700 (60.5%)
2651 (8.1%)

85492 (96.6%)

2989 (3.4%)

16782 (19.2%)
40368 (46.1%)
25751 (29.4%)

4590 (5.2%)
990

57150 (67.4%)
14052 (16.6%)
5187 (6.1%)

8464 (10%)
3628

29086 (34.9%)

47340 (56.7%)
7015 (8.4%)
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1.00 (ref.)
1.75 (1.43,
2.13)

1.00 (ref.)
0.95 (0.82,
1.09)
1.16 (1.01,
1.34)
1.41 (1.12,
1.78)

1.00 (ref.)
1.00 (0.87,
1.15)
1.14 (0.95,
1.37)
1.62 (1.42,
1.84)

1.00 (ref.)
0.97 (0.87,
1.08)

1.06 (0.90,

1.00 (ref.)
1.72 (1.37,
2.15)

1.00 (ref.)
0.98 (0.84,
1.15)
1.16 (0.99,
1.37)
1.31 (1.00,
1.71)

1.00 (ref.)
0.99 (0.86,
1.23)
1.09 (0.88,
1.33)
1.50 (1.30,
1.73)

1.00 (ref.)
0.93(0.83,
1.05)

0.95 (0.79,

1.00 (ref.)
1.73 (1.35,
2.22)

1.00 (ref.)
0..99 (0.84,
1.17)

1.16 (0.97,
1.38)

1.33 (0.99,
1.79)

1.00 (ref.)
1.00 (0.85,
1.18)
1.10 (0.88,
1.37)
1.50 (1.28,
1.76)

1.00 (ref.)
0.93(0.82,
1.05)

0.98 (0.80,



Unknown

Lifetime moderate

and strenuous

physical activity

(h/week)
<2

2to4
410 <6

>6
Unknown

Aspirin use
No

Yes

Ibuprofen use
No

Yes

NSAIDs
Missing
No

Yes

1609

10390 (30.6%)
9019 (26.6%)
5853 (17.3%)

8667 (25.5%)

27464 (80.4%)

6684 (19.6%)

27991 (82%)

6157 (18%)

1 (.%)
23617 (69.2%)

10530 (30.8%)

5040

29272 (33.3%)
21822 (24.8%)
14426 (16.4%)

22319 (25.4%)
642

67269 (76.0%)

21212 (24.0%)

70146 (79.3%)

18335 (20.7%)

55967 (63.2%)

32514 (36.7%)
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1.26)

1.00 (ref.)
0.93 (0.82,
1.05)
0.95 (0.82,
1.10)
0.83 (0.73,
0.94)

1.00 (ref.)
1.14 (1.03,
1.26)

1.00 (ref.)
1.22 (1.08,
1.37)

1.00 (ref.)
1.19 (1.09,
1.31)

1.15)

1.00 (ref.)
0.91 (0.79,
1.04)
0.89 (0.76,
1.05)
0.81 (0.70,
0.93)

1.00 (ref.)
1.10 (0.99,
1.24)

1.00 (ref.)
1.10 (0.95,
1.25)

1.00 (ref.)
1.13 (1.01,
1.39)

1.20)

1.00 (ref.)
0.91 (0.78,
1.04)
0.87 (0.73,
1.04)
0.80 (0.69,
0.94)

1.00 (ref.)
1.10 (0.97,
1.24)

1.00 (ref.)
1.07 (0.92,
1.24)

1.00 (ref.)
1.12 (1.00,
1.26)



Acetaminophen use

No 30253 (88.6%) 76082 (86.0%) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.28 (1.12, 1.19 (1.01, 1.18 (1.00,
Yes 3895 (11.4%) 12399 (14.0%) 1.48) 1.39) 1.40)
Antihypertensives
No 30156 (88.3%) 77706 (87.8%) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.25 (1.14, 1.03 (0.86, 1.02 (0.84,
Yes 3992 (11.7%) 10775 (12.2%) 1.38) 1.23) 1.25)

# Multivariable model adjusted for all variables listed in the table.

> Weighted multivariable model is weighted by the inverse probability of having at least one OSHPD records throughout the study
period.
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Table A 3.2 Self-reported NSAIDs and acetaminophen use and age-related macular degeneration stratified by indications in
California Teachers Cohort, 1995-2012 (N=88,481).?

History of circulatory

system disease at baseline

History of musculoskeletal
system and connective tissue

disease at baseline

Moderate or strenuous
physical activity

No Yes No Yes <2 hrs/week > 2 hrs/week
Aspirin (days/week)
None 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1103 1.19(0.89, 1.41(0.76, 1.29 (0.98, 0.60 (0.23, 1.15 (0.86, 1.44 (0.79,
1.58) 2.60) 1.68) 1.56) 1.53) 2.64)
More then 3 1.25(1.01, 0.89(0.56, 1.22 (0.99, 0.76 (0.38, 1.12 (0.90, 1.34 (0.84,
1.56) 1.43) 1.50) 1.52) 1.39) 2.15)
Ibuprofen (days/week)
None 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1103 0.87 (0.62, 1.65(0.83, 1.04 (0.76, 0.62 (0.23, 0.94 (0.67, 1.04 (0.55,
1.22) 3.28) 1.43) 1.67) 1.33) 1.95)
More then 3 1.23(0.98, 0.82(0.45, 1.20 (0.95, 1.00 (0.54, 1.17 (0.92, 1.17 (0.70,
1.56) 1.52) 1.51) 1.85) 1.48) 1.96)
Acetaminophen (days/week)
None 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1103 1.22 (0.82, 1.36(0.64, 1.36 (0.93, 0.72 (0.26, 1.05 (0.69, 1.19 (0.83,
1.83) 2.87) 1.98) 2.00) 1.58) 1.70)
More then 3 1.38(0.96, 1.11(0.57, 1.38 (0.98, 0.85 (0.37, 1.23 (0.86, 1.30 (0.95,
1.99) 2.13) 1.96) 1.97) 1.76) 1.79)

# Multivariate model adjusted for age, smoking, diabetes, race/ethnicity, BMI, physical activities, alcohol use, hospitalization due to
musculoskeletal system and connective tissue disease, hospitalization due to circulatory disease, asthma, coagulation/hemorrhagic

conditions, antihypertensives use, and mutually adjusted for intensity of other classes of medication.
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Table A 3.3 Self-reported NSAIDs and acetaminophen use and age-related macular degeneration
stratified by time of initiation in California Teachers Cohort, 2005-2012 (N=50,202).

No. of participants  Adjusted-OR? (95% CI)

Aspirin
No use at baseline or in 2005 22635 (51.9%) 1.00 (ref.)
Use at baseline, no use in 2005 4446 (10.2%) 1.24 (0.98, 1.56)
No use at baseline, use in 2005 10713 (24.6%) 0.98 (0.83, 1.17)
Use at baseline and in 2005 5817 (13.3%) 0.86 (0.70, 1.07)
Non-aspirin NSAIDs
No use at baseline or in 2005 2558 (58.6%) 1.00 (ref.)
Use at baseline, no use in 2005 4363 (10.0%) 1.14 (0.91, 1.43)
No use at baseline, use in 2005 8702 (19.9%) 0.84 (0.69, 1.03)
Use at baseline and in 2005 4993 (11.4%) 0.87 (0.66, 1.15)
Acetaminophen
No use at baseline or in 2005 30781 (70.6%) 1.00 (ref.)
Use at baseline, no use in 2005 3174 (7.3%) 1.15(0.83, 1.60)
No use at baseline, use in 2005 6891 (15.8%) 1.15 (0.96, 1.37)
Use at baseline and in 2005 2772 (6.4%) 1.50 (1.13, 1.96)

& Multivariate model adjusted for age, smoking, diabetes, race/ethnicity, BMI, physical activities,
alcohol use, hospitalization due to musculoskeletal system and connective tissue disease,
hospitalization due to circulatory disease, asthma, coagulation/hemorrhagic conditions,
antihypertensives use, frequency/duration of the index medication, and mutually adjusted for
intensity of other classes of medication.
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Chapter 4.  Hypertension, Antihypertensive Medications Use and Risk of Age-Related

Macular Degeneration

4.1  Abstract

Background

Sustained and badly controlled hypertension has the potential to promote the development of
age-related macular degeneration (AMD) through multiple biologic pathways. Epidemiologic
studies of high blood pressure, antihypertensive therapies, and the risk of AMD thus far have
been inconclusive. However, few studies evaluated risks according to use of different classes of
antihypertensive drugs separately or took combinations of use into account.

Methods

In the California Teachers Study (CTS) cohort (N = 88, 481) we identified diagnoses of AMD by
linkage to California Office of Statewide Health Planning and Development (OSHPD) hospital
discharge records between Dec.1990 and Dec.31, 2012. History of high blood pressure, regular
use of diuretics and other antihypertensive medications and comprehensive risk factor
information were reported in self-administered CTS questionnaire in 1995-1996 at cohort
enrolment, and information on specific antihypertensive drugs (diuretics, ACE inhibitors,
calcium channel blockers, or others) was available for a subsample of CTS participants who
completed a followup questionnaire in 2000. We employed Cox proportional hazard regressions
models adjusting for a number of potential confounders to model AMD risk during follow-up.

Results
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We identified 1,762 teachers with AMD during the 14.8 years of average follow-up in this
cohort. We estimated increased risks of AMD among women with a history of high blood
pressure and were using at least one antihypertensive drug at baseline (HR = 1.15, 95% CI: 1.03,
1.30); the magnitude of the association increased with longer duration of antihypertensive
treatment. Among 1,156 AMD cases identified after 2000 and followed for 11.1 years on
average, we estimated a 45% increased risk of AMD among women receiving diuretics as
monotherapy in 2000 (HR = 1.45, 95% CI 1.10, 1.90). While proper control of hypertension with
a combination of drugs did not result in an increase in AMD.

Conclusion

Our study found an increased risk of intermediate- or late-stage AMD among women with badly
controlled hypertension while those treated with a combination of antihypertensive drugs or
consistently treated with medications more potent than diuretics did not have an increased risk of

AMD.

4.2 Introduction

Both age-related macular degeneration (AMD) and the prevalence of high blood pressure
increase with advancing age. Approximately 30% of those aged 40-60 years in the US have high
blood pressure, and the prevalence increases to 65% in the over 60 year old population.*” These
high rates make antihypertensives the most commonly prescribed medications in the US with

678.2 million prescriptions filled in 2010."* Among the blood pressure lowering drugs, beta-
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blockers, angiotensin-converting enzyme (ACE) inhibitors, diuretics, calcium-channel blockers,
and angiotensin receptor blockers were the most used agents since 1990s, when used either alone

or in combination.*"* 1

Hypertension is thought to increase the risk of AMD through damaging retinal vessels.*®
Narrowed retinal arteries resulting from chronic hypertension may reduce choroidal blood flow
and disturb the vascular homeostasis of the retina, thus stimulating choroidal neovascularization,
a key feature of wet-AMD.'® Previous epidemiologic studies of elevated blood pressure, history
of hypertension and its treatment and AMD risk reported inconsistent findings. The Framingham
Study found increased risk of moderate to severe age-related maculopathy in 25 years follow up
among participants who had hypertension at baseline and the strength of the associations
increased with longer duration of chronic hypertension.*® This finding has been confirmed in
other prospective studies with both short- or long-term follow up,*®* ¥ but not in some other

population-based studies for AMD at any stage.* ¢’

Due to the heterogeneous pathophysiology of hypertension, subclasses of antihypertensive
medications with distinct pharmacological effects have been developed to manage the disorder.
For example, renin-dependent hypertension can be effectively controlled by ACE inhibitors,
beta-blockers, or angiotensin 11 receptor blockers.*® While in circumstances when plasma renin

levels are suppressed, diuretics or calcium channel blockers are the more appropriate medication
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to lower the blood pressure.*®® Those medications are also commonly used complementarily to
improve the efficacy of the treatment and to prevent dose-dependent side effects from managing
hypertension.'®® Antihypertensive treatment effects on AMD have also been investigated, but
these studies have not supported a dose-dependent effect.?> 19192 A case-control study reported
that a history of hypertension doubled the risk of neovascular AMD, and physician-reported
antihypertensive medication use increased the risk of neovascular AMD by 2.5 times.'*?
Increased risk of AMD with the use of specific types of antihypertensive drugs was observed for
calcium channel blockers,™** % beta blockers,*** *** and thiazide diuretics,'®® in some studies but
not others.*2* 163 199192 \poreover, previous studies targeting antihypertensive medications did
not consider the duration of the treatment nor the combined use of blood pressure lowering drugs

of different classes.

Given the high prevalence of hypertension and its treatment, even a modestly increased AMD
risk would have considerable public health implications. Thus, it is imperative to better
understand the association between antihypertensive medication use and the risk of developing
AMD. The purpose of this study is to investigate whether hypertension and regular use of
specific antihypertensive medications is associated with the risk of AMD accounting for the
duration of use. Also, specific types including diuretics, calcium channel blockers, ACE-

inhibitors, and other antihypertensive drugs will be examined separately.
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4.3  Methods

Detailed information on the study population, data sources for the California Teachers Study and
the ascertainment of AMD cases has been described in the last chapter. Briefly, eligibility for
this study was limited to women who were California residents at baseline and had at least one
OSHPD record available (N = 89,877). Participants who, according to OSHPD records, suffered
from AMD prior to completing the baseline questionnaire (N = 22) and those who did not report
their regular antihypertensive medication use (n = 1,347) at baseline were excluded, leaving

88,481 participants for analysis.

Any AMD event was identified (ICD-9-CM codes 362.50, 362.51, 362.52, and 362.57) from
three different OSHPD data sources: hospital discharge data (available from 12/1990--12/2012),
ambulatory service data (01/2010—12/2012), and emergency department data (01/2010—
12/2012); all of which captured up to 25 diagnoses and the date of service for the primary reason
of the visit. The first AMD event (earliest date of AMD diagnosis in hospital record system) was
considered the incident date. According to the guideline for secondary diagnoses in hospitals,*®*
only co-existing conditions that affect current treatments should be recorded. Thus, we assume
that the majority of AMD cases identified in this manner were intermediate to advanced and had
impaired central vision, because these patients are more likely to require additional therapeutic

procedures, and increased nursing care and have an extended length of stay.'®? In contrast,

patients with early stage AMD do not meet the criteria for a comorbid disorder relevant to
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current treatment and care during hospitalization; thus, we most likely did not capture as many of

these with our passive linkage to hospital discharge records.

Follow-up started the day the baseline questionnaire was completed by a participant and ended at
the earliest occurrence of one of the four events: 1) AMD diagnosis; 2) moving out of California;
3) death; 4) date of the most recent linkage of the CTS to OSHPD records (Dec. 31%, 2012). At
baseline, participants reported history of high blood pressure (ever or never), regular medication
use (at least once per week), average frequency of use (1-3, 4-6, or 7 days per week), and total
years of use (<1, 1, 2, 3-4, 5-9, or >10). Intake of regular “reserpine (Raudixin, Ser-Ap-Es,
Hydropres, Rauwolfia, Metatensin)”, “Water pills for high blood pressure (Diuril, Hydrodiuril,
Dyazide, etc.)”, and “other high blood pressure medications” were asked separately. More
detailed antihypertensive medication use was recorded in a subsequent questionnaire mailed to
cohort members in 2000-2001 assessing daily medication use for at least two months within 2
years prior to the survey: “Thiazide diuretic (for example: Diuril, Hydrodiuril, Dyazide)”,
“Lasix”, “Calcium blocker (for example: Calan, Procardia, Cardizem)”, “ACE inhibitors (for
example: Capoten, Vasotec, Zestril)” and “Other high blood pressure medication”. Regular
antidiabetics use (insulin or oral hypoglycemic medication) and cholesterol-lowering drugs

(Questran, Mevacor, Lopid) use were also queried.
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Potential confounder and effect modifier information was identified from questionnaire data or
OSHPD hospital discharge records and were selected based on the literature on AMD.% %% we
included in our models age (continuous), race/ethnicity (Non-Latina white, African-American,
Latina, Asian/Pacific Islander, Other), body mass index (<18.5, 18.5 to 25, 25 to <29, >30),
diabetes (ever/never), smoking (never, former, current), alcohol use in the year prior to baseline
(no use, less than 20 grams per day, greater than 20 grams per day), lifetime average moderate or
strenuous physical activity per week (<2h, 2 to <4 h, 4 to <6 h, 6 h or more), acetaminophen and
non-steroidal anti-inflammatory medication use; baseline diagnostic history of heart failure
(ICD-9-CM: 428) or other circulatory system diseases (ICD-9-CM: 390-427, 429-459) were
obtained from OSHPD hospital discharge data. We also assessed percent daily dietary calories
from fat (continuous), and dietary antioxidant consumption (average daily dose) but we
ultimately decided to not include them in our analyses due to less than 10% change in the point

estimates of hazard ratios.

In the analyses of 2000 medication data, all the above-mentioned risk factors were updated to
reflect the most recently available data (subsequent questionnaires and OSHPD hospital
discharge data). We additionally adjusted for the type of diagnoses of cardiac diseases that may
affect the choice of antihypertensive agents: cardiac failure (ICD-9-CM: 428), cardiac

arrhythmia (ICD-9-CM: 427), coronary artery disease (ICD-9-CM: 414), and other circulatory
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system diseases (ICD-9-CM: 390-413, 415-425, 429-459). Cholesterol-lowering medication use

was also accounted for in the analyses.

Statistical Analysis

Multivariable Cox proportional hazards regression was used to assess the association between
hypertension (reflected by self-reported history of having high blood pressure or
antihypertensive medication use) and AMD, using calendar time at start and end of follow-up (in
days) to define person-time. A composite variable of treated hypertension was generated and
assessed for the association with AMD risk: women who self-reported having a history of high
blood pressure and taking at least one type of antihypertensive medications were considered as
treated hypertension, those who had a history but not taking any antihypertensive medications
were considered as untreated hypertension and the reference category was women with no
history of high blood pressure. We examined the baseline antihypertensive medications (any
antihypertensive drugs use, diuretics, or other high blood pressure drugs) in categories of
duration of use (never, <1, 2-4, 5-9, >10 years) and tested for trend using category midpoints.
The longest duration of reserpine, diuretics, or other high blood pressure medication use was
considered as the duration of any antihypertensive medication use. Since reserpine was taken by
a very small number of participants and is rarely prescribed nowadays, it was co-adjusted for in

the analyses of other classes of drugs but was not separately. The proportional hazards
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assumption was checked using Kaplan-Meier survival curves and graphs of the log(-
log(survival)) versus log of survival time; parallel lines indicated proportionality of hazards.'®*
To examine the strength of associations according to the severity of underlying hypertension, the
adequacy of the high blood pressure control, and different classes of antihypertensive medication
use, Cox proportional hazard regression was applied in the subsample analyses that relied on the
2000 questionnaire information. After excluding women who developed AMD, moved out of
California, died before 2000, or who did not return this 2" questionnaire or answering questions
on medication use, 56,628 subjects were eligible for the subsample. We further excluded 3% of
women (N=1,655) who reported using antihypertensive drugs at baseline but not in the 2000
questionnaire for analyses in the subsample. We divided women who reported using
antihypertensive medications in the follow-up questionnaire into newly initiated users and
consistent users, and did two separate comparisons of them to a common reference group of
women who were never exposed to antihypertensive drugs at baseline or in 2000 to assess the

association between hypertension (as reflected by combinations of antihypertensive medication

use) and the risk of AMD.

According to hypertension treating guidelines, at least two drugs are recommended at the
initiation of antihypertensive therapy when the hypertension is severe (>20 mm Hg above

194

systolic goal or >10 mm Hg above diastolic goal),”™" when there are comorbidities such as

chronic kidney diseases and cardiovascular diseases, or when evidence shows the presence of
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asymptomatic organ damage. Since more extensive initial treatment of hypertension is required
for high-risk patients to achieve a lower target of blood pressure,*® we used the number of
different classes of antihypertensive agents initiated as a proxy for the difficulty in achieving BP
control and compared the risks of AMD across categories of the severity indicator among women

with newly developed hypertension in 2000.

Adjustments to the antihypertensive regimen, including adding a new agent to the existing
therapeutic combination or switch to new combinations, are required whenever the blood
pressure target is not achieved.'® In a previous large prospective study, starting with
combination regimens for hypertension and maintained using more than two types of drugs in the
follow-up demonstrated a benefit effects on lowering incident cardiovascular events compared to
patients who initiated with monotherapy and moved to combination therapy, or who failed to
maintain the combination therapy.®® Thus, among women with long-term hypertension in 2000,
we generated an indicator for the adequacy of blood pressure control according to the
modification of the therapeutic combination since baseline and assessed the risk of AMD in each
category of the adequacy of control indicator. Specifically, long-term antihypertensive drug users
were categorized as 1) consistently used, or newly switched to diuretics as monotherapy; 2)
added a new type of agent to the existing combination or switched to a new class of agent since
baseline; 3) consistently used medication(s) more potent than diuretics since baseline with or

without an adjustment for the treatment strategy since baseline.
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To evaluate if a specific class of antihypertensives was inferior or superior to others with regard
to the AMD toxicity, regular use of major types of antihypertensive medications including any
diuretics (thiazide or loop diuretics), calcium channel blockers, ACE inhibitors, and other
antihypertensive medications was examined separately among women who reported using at
least one type of antihypertensive medications.

Stratified analyses were conducted to assess any potential modifying effect by the history of
hospitalization due to circulartory system diseases, cholesterol-lowering drug use, diabetes,

average lifetime strenuous or moderate physical activities, and BMI.

We performed sensitivity analyses by excluding women who had the first AMD diagnosis within
the first five years of follow-up to exclude prevalent AMD cases. Excluding the first five years
of AMD diagnoses after 1995 or 2000 did not change our results more than minimally (Table A

4.1).

44  Results

Among 88,481 female teachers enrolled in the CTS, we identified 1,762 subjects with AMD.
During an average of 14.8 years of follow-up, 6,598 (7.5%) women moved out of California for
a period of more than one year and 16,444 (18.6%) died, leaving 63,677 (72%) subjects who

were right censored at end of follow-up (Dec.31, 2012). The median time to a first AMD
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diagnosis was 13.5 years (interquartile range: 10.2, 15.5). The distribution of demographic and
lifestyle factors among women who did or did not use antihypertensive medications is presented
in Table 4.1. The crude self-reported rate of having a history of high blood pressure in 1995 was
20%. The frequency of antihypertensive medication use increased with age and was higher
among overweight or obese women (BMI > 30 kg/m?), women who exercised little (<2 hr/week
moderate and strenuous physical activity), and women with a self-reported history of medical
conditions at baseline that are highly correlated with high blood pressure (heart attack, stroke and
diabetes). The current smoking rates in this cohort were low but slightly higher among
antihypertensive drug users, and the total pack-years of smoking were higher among women who
regularly took antihypertensive medication due to a higher proportion of former smokers
amongst them. A slightly lower proportion of women drank alcohol among antihypertensive

drug users, but heavier drinkers (>20 g/day) were more common in Users.

In those with a history of high blood pressure at baseline 85% reported taking at least one
antihypertensive drug with 37% taking them for more than 10 years (Table 4.2). Compared with
teachers without high blood pressure, the risk of AMD was slightly increased in women with
treated hypertension (HR =1.15, 95% CI: 1.03, 1.30), but not in women with untreated
hypertension. A positive trend was suggested with increasing duration of antihypertensive
medications use (P-trend=0.08). No difference was shown when evaluating diuretics use or other

antihypertensive drugs use respectively. When stratifying by severity of a newly developed
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hypertension in 2000 (according to the number of treatments they took), such that we estimated a
70% increased risk among women who started with two types of anti-hypertensives, and the risk
of AMD doubled in women who used three types or more (Table 4.3). Evaluating the adequacy
of blood pressure control and AMD risk (Table 4.3), the highest risk of AMD was seen in
women using the least potent therapy long-term (HR=1.80, 95% CI: 1.32, 2.47) while
associations between high blood pressure treatment and AMD were null in women who

experience modifications of the combination of therapeutic strategy since baseline.

For women in the year 2000 subsample, the median time to diagnosis of AMD was 9.6 years
(interquartile range: 7.0, 11.2). Compared to baseline, a higher proportion of women reported
using at least one type of antihypertensive drugs (27.5% vs. 21.3%). Among women with
combination therapy, we saw no increased risk of AMD for each individual class of drugs. In
contrast, among antihypertensive women with monotherapy, diuretics increased AMD risk
(HR=1.45, 95% CI: 1.10, 1.90) (Table 4.4). There was however no increased risk of AMD with

use of ACE inhibitors, calcium channel blockers, or other antihypertensive medications.

We found AMD risk associated with daily antihypertensive medication use to be modified by

circulatory system disease status, cholesterol-lowering drugs use, diabetes, BMI, physical

activities and antihypertensive medication use at baseline (Table 4.5). Larger effect estimates in
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those not using cholesterol-lowering drugs, with diabetes or cardiovascular disease, BMI over 30

kg/m?, and physical inactivity.
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Table 4.1 Demographic characteristics and life style factors of study population at baseline in
the California Teachers Cohort, 1995-2012 (N=88,481).

Exposure to antihypertensive

Characteristics All participants

medications

Total

Age
<50
51-60
61-70
71-80
>80
Race/Ethnicity
Non-Latina white
African American
Native American
Latina
Asian/Pacific Islander
Other
Missing
BMI
Underweight
Normal
Overweight
Obese
Unknown
History of High blood
pressure
No
Yes
History of Heart attack/MI
No
Yes
History of Stroke
No
Yes
History of Diabetes
No
Yes
Smoking
Never

88481 (100%)

35500 (40.1%)
19916 (22.5%)
16571 (18.7%)
11825 (13.4%)
4669 (5.3%)

77079 (87.9%)
2260 (2.6%)
3709 (4.2%)
829 (0.9%)
2796 (3.2%)
1048 (1.2%)
760

2276 (2.7%)
47374 (56.1%)
21831 (25.8%)
13012 (15.4%)
3988

70874 (80.1%)
17607 (19.9%)

87035 (98.4%)
1446 (1.6%)

87189 (98.5%)
1292 (1.5%)

85492 (96.6%)
2989 (3.4%)

16782 (19.2%)
89

18812 (100%)

2411 (12.8%)
4230 (22.5%)
5277 (28.1%)
4797 (25.5%)
2097 (11.1%)

16482 (88.5%)
829 (4.5%)
379 (2%)

234 (1.3%)
554 (3%)

150 (0.8%)
184

310 (1.8%)
7132 (40.6%)
5540 (29.4%)
4589 (24.4%)
1241

3799 (20.2%)
15013 (79.8%)

17955 (95.4%)
857 (4.6%)

18148 (96.5%)
664 (3.5%)

17251 (91.7%)
1561 (8.3%)

2641 (14.2%)



Passive
Former
Current
Missing
No. of smoking pack-years
Never or passive smoker
<10
11-20
>20
Missing
Daily alcohol intake (g)
None
<20
>20
Unknown

Lifetime moderate and
strenuous physical activity
(h/week)

<2

2to4

4 to <6

>6

Unknown

40368 (46.1%)
25751 (29.4%)
4590 (5.2%)
990

57150 (67.4%)
14052 (16.6%)
5187 (6.1%)
8464 (10%)
3628

29086 (34.9%)
47340 (56.7%)
7015 (8.4%)
5040

29272 (33.3%)
21822 (24.8%)
14426 (16.4%)
22319 (25.4%)
642

8517 (45.8%)
6388 (34.3%)
1053 (5.7%)
213

11158 (62.1%)
2763 (15.4%)
1338 (7.4%)
2722 (15.1%)
831

6914 (39.1%)
9038 (51.1%)
1735 (9.8%)
1125

6914 (39.1%)
9038 (51.1%)
1735 (9.8%)
3761 (20%)
192
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Table 4.2 Hypertension, antihypertensive medications use at baseline and age-related macular degeneration in California Teachers

Cohort, 1995-2012 (N=88,481).

No. of . N
.. . L Age-adjusted Multivariable
Regular medication use at baseline partlct!pants HR adjusted-HR? P-trend
Self-reported high blood pressure
None 70874 1.00 (ref.) 1.00 (ref.)
(80.1%) ' ' ' '
: 15013
Treated hypertension (17.0%) 1.26 (1.13, 1.39) 1.15(1.03, 1.30)
Untreated hypertension 2594 (2.9%) 1.14 (0.89, 1.45) 0.97 (0.73, 1.30)
Regular use of any antihypertensive medications
69669
No (78.7%) 1.00 (ref.) 1.00 (ref.)
18812
Yes (21.3%) 1.23(1.12, 1.36) 1.09 (0.98, 1.22)
Duration of any antihypertensive medications use 0.08
70162
No regular use (79.3%) 1.00 (ref.) 1.00 (ref.)
Less than 1 year 2022 (2.3%) 1.13 (0.85, 1.51) 0.92 (0.66, 1.29)
1-4 years 5606 (6.3%) 1.20 (1.02, 1.41) 1.05 (0.88, 1.26)
5-9 years 3801 (4.3%) 1.21 (1.00, 1.45) 1.08 (0.88, 1.33)
More than 10 years 6884 (7.8%) 1.28 (1.12, 1.45) 1.13 (0.98, 1.31)
Regular use of diuretics
77706
No (87.8%) 1.00 (ref.) 1.00 (ref.)
10775
Yes (12.2%) 1.18 (1.06, 1.33) 1.05 (0.91, 1.20)
Duration of diuretic use 0.25
No regular use 77706 1.00 (ref.) 1.00 (ref.)
(88.1%) ' ' ' '

Less than 1 year

1331 (1.5%)
91

1.02 (0.72, 1.44)

0.86 (0.59, 1.27)



1-4 years
5-9 years

More than 10 years
Regular use of other antihypertensive drugs

No

Yes

Duration of other antihypertensive drugs use
No regular use

Less than 1 year

1-4 years
5-9 years

More than 10 years

3196 (3.6%)
1972 (2.2%)
4026 (4.6%)

74652

(84.4%)
13829

(15.6%)

74652
(84.8%)
1426 (1.6%)
4476 (5.1%)
2922 (3.3%)
4526 (5.1%)

1.11 (0.90, 1.36)
1.21 (0.95, 1.55)
1.27 (1.09, 1.49)

1.00 (ref.)

1.20 (1.08, 1.33)

1.00 (ref.)

1.20 (0.87, 1.85)
1.19 (0.98, 1.39)
1.17 (0.95, 1.45)
1.26 (1.08, 1.46)

1.01 (0.80, 1.27)
1.12 (0.86, 1.47)
1.09 (0.90, 1.30)

1.00 (ref.)

1.05 (0.92, 1.19)

1.00 (ref.)

0.93 (0.64, 1.35)
1.01 (0.83, 1.23)
1.03 (0.81, 1.30)
1.14 (0.95, 1.36)

0.16

# Multivariate model adjusted for age, smoking, diabetes, race/ethnicity, BMI, physical activities, history of cardiovascular disease,
acetaminophen use, NSAIDS use and mutually adjusted for other categories of antihypertensive drugs.

® Number of participants may not add up to total due to unknown value.
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Table 4.3 Self-reported antihypertensive medication use among follow-up respondents (2000) and age-related macular degeneration
stratified by drug combinations in California Teachers Cohort, 2000-2012 (N=55,768).

Combination of antihypertensive medication use in 2000 parTigi;?;nts No. of AMD HR (95% CI)
Never used 40206 565 1.00 (ref.)
Used for newly developed hypertension (N=6,529)
Single type 5162 158 1.16 (0.94, 1.43)
2 types 1137 47 1.70 (1.20, 2.40)
3 types or more 229 14 1.93 (1.02, 2.40)
Used for long-term hypertension (N=9,033)
Consistent use of, or reduced to diuretics monotherapy 898 53 1.80 (1.32, 2.47)
Adjustment to drug combinations compared to baseline® 2748 105 1.20 (0.93, 1.54)
Consistent use of medications more potent than diuretics’ 5374 187 1.07 (0.87, 1.32)

" The diuretics category includes both thiazide and loop diuretics

! Consistent use of diuretics as monotherapy or reduced the combination at baseline to diuretics monotherapy in 2000
* Added medication(s) to the baseline combination or switch to another type in 2000

"With or without adjustment in 2000
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Table 4.4 Self-reported antihypertensive medications use among follow-up respondents with hypertension and age-related macular
degeneration stratified by type of treatment in California Teachers Cohort, 2000-2012 (N=15,562).

Women with Monotherapy Women with Combination Therapy
No.of  Adjusted-HR'(95% No. of Adjusted-HR ' (95%
participants Cl) participants Cl)
Any diuretic*
No regular use 8154 1.00 (Ref.) 1258 1.00 (Ref.)
Regular use 2120 1.45 (1.10, 1.90) 4016 1.14 (0.79, 1.65)
Calcium channel blocker
No regular use 9285 1.00 (Ref.) 3485 1.00 (Ref.)
Regular use 989 1.05 (0.70, 1.56) 1789 0.81 (0.59, 1.12)
ACE inhibitor
No regular use 8816 1.00 (Ref.) 3012 1.00 (Ref.)
Regular use 1458 0.98 (0.68, 1.40) 2262 1.03 (0.76, 1.40)
Other antihypertensive
medication
No regular use 4567 1.00 (Ref.) 1349 1.00 (Ref.)
Regular use 5707 0.75 (0.59, 0.96) 3925 1.27 (0.88, 1.84)

! For specific types, multivariate model adjusted for age, smoking, diabetes, race/ethnicity, BMI, physical activities, history of
cardiovascular disease, asthma, acetaminophen use, NSAIDS use, cholesterol lowering drug use
" The diuretics category includes both thiazide and loop diuretics

94



Table 4.5 Self-reported antihypertensive medication use among follow-up respondents (2000) and age-related macular degeneration

stratified by potential effect modifiers in California Teachers Cohort, 2000-2012 (N=55,768).

No. of participants ?

No. of AMD

HR (95% CI)

History of hospitalization due to circulatory

system diseases
No
Yes

Regular Cholesterol-lowering drug use in
the past two years

No
Yes
Diabetes
No
Yes

Average lifetime strenuous or moderate
physical activity per week

<2 hours
> 2 hours
BMI

Normal weight or under

Overweight
Obese

9570 (61.5%)
5992 (38.5%)

10505 (74.0%)
3693 (26.0%)

12228 (78.6%)
3334 (21.4%)

6403 (34.6%)
9033 (65.4%)

6208 (42.2%)
4797 (32.6%)
3705 (25.2%)

289 (51.2%)
275 (48.7%)

380 (74.1%)
133 (25.9%)

412 (73.0%)
152 (26.9%)

271 (48.5%)
288 (51.55)

218 (42.2%)
176 (34.1%)
122 (23.6%)

1.17 (0.97, 1.40)
1.27 (1.00, 1.61)

1.28 (1.09, 1.50)
0.92 (0.65, 1.30)

1.15 (0.98, 1.35)
1.44 (1.02, 2.03)

1.32 (1.06, 1.64)
1.12 (0.93, 1.37)

1.16 (0.97, 1.39)
1.28 (1.00, 1.64)
1.70 (1.18, 2.44)

#Numbers may not add up to the total due to missing values.
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45  Discussion

In this prospective cohort study of California teachers badly controlled hypertension was
associated with an increased risk of developing intermediate- or late-stage AMD. Those treated
for hypertension were at a slightly increased risk of AMD (HR = 1.15, 95% ClI: 1.03, 1.30), but
the risk of AMD was strongest among chronically hypertensive women who reported diuretics
only use —which we consider the least effective type of treatment — while no increased risk was
seen for well controlled hypertension i.e. women remained being treated with antihypertensive
agents more potent than diuretics or women who were treated with combination therapies. We
also observed an increasing trend risk with severity of the initial hypertension. In our subcohort
of women who responded to the questionnaire in the year 2000, we were able to assess major
subclasses of antihypertensive agents. There was a 45% increase in risk of AMD in women who
reported daily diuretics use alone compared with women who used other antihypertensive agents
as monotherapy, but not in users of any other subtype of antihypertensive agents. At the time
data collection in the CTS (1995 and 2000), Congress had not yet passed the Medicare
prescription drug benefit, and the medication coverage was not extended to the retired teachers
until 2003, some CTS participants may have opted for the most affordable hypertension

medications, which at the time were diuretics.

According to the third National Health and Nutrition Examination Survey (NHANES I11), less
than half of all women treated with antihypertensive medications are able to adequately control
their blood pressure (SBP <140 mm Hg and DBP <90 mm Hg).'*" We were not able to
disentangle association between antihypertensive medications and AMD from the potential

adverse effect of residual high blood pressure, a phenomenon commonly referred to as
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confounding by indication. Thus, the observed associations between treated high blood pressure
and AMD risk may reflect either pharmacologic effects of the antihypertensive drugs or the

chronic pathophysiologic effects of badly controlled high blood pressure.

Previous studies evaluating the association between high blood pressure and AMD risk have
been inconclusive.'% 183185186 A 1arge prospective cohort study reported that a 10 mmHg
systolic blood pressure increase at baseline exam was associated with a 20% increased risk of
wet-AMD after 10 years.'® Another similar study estimated a 10% risk increase and associations
strengthened with increasing severity of hypertension.*®* A history of mild or temporarily

elevated blood pressure, found in 13% of hypertensives,*®

that requires only life-style
modification and not therapeutic drug use may explain the lack of an association with AMD
among women with “untreated hypertension”. The 20% increased risk of AMD among
hypertensive women (as reflected by daily antihypertensive use) in our subsample of women
who responded to the year 2000 questionnaire was consistent with a pooled estimate for any
antihypertensive drug use in three population-based prospective cohorts that covered almost all
Northern European populations (HR = 1.20, 95% CI 1.0-1.5).** Similar strength and direction of

associations were also seen in two other studies in wet-AMD but not in early AMD.*%* 1%

Biological mechanisms linking hypertension and AMD involve the increased activity of the
renin-angiotensin system (RAS) and specifically its major component angiotensin 11 (Ang I1), the
level of which is affected by elevated plasma renin activity that occurs in about 70% of all
hypertensives.'®® The promoted activation of systemic RAS in hypertension interacts with the

local RAS in the retina and contributes to inflammation and neovascularization, both of which
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are key components of AMD pathogenesis. Specifically, through the activation of angiotensin Il
type 1 receptors expressed in the retina, Ang Il exerts its vasoconstriction effect on retinal
capillary network and induces endothelial cell apoptosis, which may contribute to
neovascularization from disturbed retinal circulation.'®? **® Moreover, Ang Il can potentiate
neovascularization through upregulations of the vascular endothelial growth factor.'*> An
inhibitive effect of angiotensin Il type 1 receptors blockers on the development of choroidal
neovascularization was demonstrated in animal studies but has not been confirmed in humans,**°
probably because the inherent limitation in epidemiologic studies to disentangle the association

from elevated blood pressure and the drug itself.

Our results suggested effect measure modification by diabetes (Table 4.5). In parallel to the
vascular damaging effect of hypertension, diabetes increases the activation of the local RAS in
the retina and increases the vitreous concentration of Ang Il, which may exaggerate the adverse
effect of hypertension.?®® We also found null hazard ratios for anti-hypertensive drug use among
women with healthy BMI, more frequent physical activity, or controlling their lipid levels with
statins indicated that all of these additional factors may make adequate blood pressure control

that prevents AMD less likely.

Few studies investigated more than one subtype of antihypertensive agents separately possibly
masking effects from use of specific types of antihypertensive agents. In our evaluation, only
diuretics but not more aggressive combination treatments were associated with an increased risk
of AMD when comparing with other classes of medication use among women with

monotherapy. The Age-Related Eye Disease Study Research Group (AREDS) also reported
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increased frequency of intermediate- or large drusen among people who used
hydrochlorothiazide diuretics (OR =1.51),% but this was not reported in other studies that
assessed diuretics separately, although elevated hazard ratios were estimated among diuretic
users in a prospective cohort study with 20 years follow-up.'?> %1% The discrepancy between
the present and previous studies may reflect different degrees of residual confounding, the
various lengths and cumulative dose of drug use, and the lack of consideration of the concurrent
use of other types of drug use while assessing each class individually in previous studies.
Although some studies accounted for measured blood pressure, a one-time measure may not
sufficiently reflect the degree of blood pressure control in the long term. Furthermore,
indications and contraindications such as heart failure, chronic kidney disease, cardiac
arrhythmia or coronary artery disease which may affect selection of therapeutic agents were not

taken into account.?%

The especially high risk of AMD observed in women who consistently used diuretics as
monotherapy, or who moved from a more extensive combination therapy to diuretics only may
indicate that the lack of an adequate treatment strategy®*” and the resulting potential failure of
high blood pressure control plays a role in the pathogenesis of AMD. Moreover, treatment with
the most inexpensive medication alone may be an indicator of lower socioeconomic status and
inadequate medical access. However, a potentially harmful effect attributed to the drug aside
from the effect of the underlying high blood pressure could not be ruled out. There is no
generally accepted biologic mechanism for a harmful effect of diuretics use but lack of adequate
blood pressure control in the long term and hyperlipidemia may play a role. Diuretics function by

inhibiting renal sodium reabsorption, thus decreasing the extracellular volume and reducing
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201

cardiac output.”~ One of the well-acknowledged side effects of diuretics therapy is

203,204 4 proposed risk factor for AMD.?* 2% Moreover, thiazide diuretic use is

hyperlipidemia,
associated with decreased serum zinc levels.?”” Zinc plays an essential role in the function of
antioxidant enzymes that can suppress AMD progression, and the aging retina is inherently

susceptible to zinc deficiency.”®® 2%

In a sensitivity analysis incorporating the time-varying use of diuretics and censoring due to
death or moving out of California, women who reported diuretics use both at baseline and in
2000 had a higher risk of developing AMD (Table A 4.2). The lack of association between
diuretic use and the development of AMD at baseline or in the subsample of new users in
2000may be explained by the around 14% of women who did not report using “water pills”
initiated diuretics later elevated the AMD risk in the reference group. Additionally, side effects
of diuretics with regard to the long-term activation of RAS that are associated with AMD

pathogenesis may only manifest when diuretics are used for a long time.?*°

Our study has several strengths. This prospective study with routine passive follow-up via
administrative hospital records provides us with a uniquely long follow-up time. The large
number of AMD cases observed enabled us to investigate individual medications by duration,
account for concurrent use of other types of medication, and evaluation both the antihypertensive
monotherapy and polytherapy. Furthermore, the linkage of self-reported questionnaires and
OSHPD records allowed us to examine a comprehensive set of potential confounding factors,
including indications and contraindications for the selection of different antihypertensive drugs.

However, there are also several limitations, most notably, we had to rely on secondary diagnoses
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found in hospitalization records to identify AMD, thus the onset of early AMD could not be
captured with this passive follow-up method. On the other hand, we did not have to rely on self-
reported diagnoses and any outcome misclassification would be expected to be non-differential.
Moreover, we were not able to disentangle any effects of medications on incident AMD from
their effect on progression from early- to late-stage AMD. However, in sensitivity analyses that
excluded AMD cases within the first five years of follow-up effect estimates did not change.
Also, we were not able to separate geographic atrophy and neovascular AMD, which may have
different pathophysiologies.'”® However, neovascular AMD is rare and can also be considered as
the more severe and late stage form of AMD. Third, the prevalence of high blood pressure was
under-reported in our study even after considering the unawareness of the condition. NHANES
I11 estimated an over 50% prevalence of hypertension among female non-Hispanic Whites who
were greater than 60 years old in 1988-1991,"" higher than the self-reported rate (34%) in our
study. Also, we did not have sufficient information to evaluate cumulative dose-response
patterns since participants may have changed their frequency of medication use, or switch to a
new class of drugs over time.?*! Fifth, two major subclasses of antihypertensive drugs, beta-
blockers and angiotensin 11 receptor blockers were not queried separately. Lastly, for the
assessment of combination medication use, we were not able to distinguish sequential use or

concurrent use of different types of antihypertensive medications.

46  Conclusions
In summary, hypertension and antihypertensive treatments were associated with an increased risk
of intermediate- or late-stage AMD. However, increased risk of AMD was mainly due to

possible inadequate blood pressure control in diuretics only users with chronic hypertension, but
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not aggressively combination treated high blood pressure. Future prospective studies of AMD

and antihypertensive medications should evaluate the dosage and type and timing of use.
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4.7  Appendix

Table A 4.1 Self-reported antihypertensive medications use among follow-up respondents with
hypertension and age-related macular degeneration with a 5-year lagging stratified by type of
treatment in California Teachers Cohort, 2000-2012 (N=13,489).

Women with Combination

Women with Monotherapy Therapy
No. of Adjusted-HR' No. of Adjusted-HR '
participants (95% CI) participants (95% CI)
Any diuretic*
No regular use 7245 1.00 (Ref.) 1087 1.00 (Ref.)
Regular use 1804 1.46 (1.08, 1.98) 3345 1.18 (0.79, 1.46)
Calcium channel
blocker
No regular use 8179 1.00 (Ref.) 2949 1.00 (Ref.)
Regular use 870 1.03 (0.67, 1.60) 1483 0.77 (0.54, 1.11)
ACE inhibitor
No regular use 7730 1.00 (Ref.) 2511 1.00 (Ref.)
Regular use 1319 0.91 (0.61, 1.35) 1921 1.09 (0.78, 1.51)
Other
antihypertensive
medication
No regular use 3993 1.00 (Ref.) 1134 1.00 (Ref.)
Regular use 5056 0.78 (0.59, 1.02) 3298 1.47 (0.97, 2.24)

"For specific types, multivariate model adjusted for age, smoking, diabetes, race/ethnicity, BMI,
physical activities, history of cardiovascular disease, asthma, acetaminophen use, NSAIDS use,
cholesterol lowering drug use

" The diuretics category includes both thiazide and loop diuretics
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Table A 4.2 Self-reported antihypertensive medication use in 2000 and age-related macular
degeneration stratified by time of treatment initiation in California Teachers Cohort, 2000-2012
(N=56,628).%

Regular antihypertensive medication use” N.O'. of Adjusted-OR
participants (95% CI)
Any antihypertensive medications
Never used any antihypertensive medication 39411 (69.6%) 1.00 (ref.)
Used both at baseline and in 2000 9952 (17.6%) 1.22 (1.09, 1.38)
Used at baseline but not in 2000 1655 (2.9%) 0.97 (0.89, 1.07)
Not used at baseline but used later in 2000 5610 (9.9%) 1.26 (1.13, 1.40)
Diuretics
Never used diuretics 47300 (83.5%) 1.00 (ref.)
Used both at baseline and in 2000 3441 (6.1%) 1.32 (1.20, 1.44)
Used at baseline but not in 2000 3181 (5.6%) 0.97 (0.88, 1.06)
Not used at baseline but used later in 2000 2704 (4.8%) 1.36 (1.24, 1.50)
% Time varying analysis with inverse-probability weighting method was applied (accounted for
censoring)

“The diuretics category includes both thiazide and loop diuretics
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Chapter 5.  Public Health Relevance

The incidence of childhood cancer is increasing by 1% each year.?? Although the survival of
childhood cancer has improved dramatically thanks to more advanced diagnostic and treatment
techniques, childhood cancer survivors are at an increased risk of developing adverse health
outcomes associated with cancer treatments some of which are even life-threatening or
disabling.?*® Understanding the risk factors for childhood cancer can facilitate uncovering the
etiology and the development of preventive interventions. Since the fetal origin of childhood
cancer has been proposed, a number of epidemiologic studies were conducted linking perinatal
characteristics to cancer in offspring. Nevertheless, investigations addressing the association
between maternal preeclampsia and the risk of childhood cancer remained scarce, and specific
types of cancer were not separately examined due to the rarity of the disease. Our large
population-based study provided an opportunity to examine in utero exposure to preeclampsia
and some rare types of childhood cancer. Our findings of increased risks in hepatoblastoma and
certain subtypes of germ cell tumors may shed light on potential etiologic factors of these
cancers. Moreover, our study highlighted the importance of lifestyle intervention, sufficient
maternal care, and closely monitoring of blood pressure in women at high risk of having

preeclampsia to prevent adverse health outcomes in offspring.

Age-related macular degeneration accounts for nearly 9% of blindness worldwide, and the
prevalence of AMD is increasing due to the growth of the aged population.?** The impaired
vision as a result of AMD leads to substantial reduction in the quality of life of the affected
patients and a considerable economic loss to the country.**® Although vision loss can be halted

by intraocular injection of anti-VEGF medication for neovascular AMD patients, the treatment is
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costly, and there is no effective pharmacotherapy method for dry-AMD. Our finding of a reduced
risk of intermediate- or late-stage AMD among COX-2 inhibitor users provided epidemiologic
evidence for COX-2 as a potential therapeutic target for preventing the development of AMD. In
addition, our finding of an increased risk of intermediate- or late-stage AMD among regular
antihypertensive users underscores the importance of adequate blood pressure control as a
modifiable factor in AMD prevention. The elevated AMD risk among women with long-term
diuretics monotherapy warrants future observational research to assess a potential dose-response
of diuretics use on AMD risk. If the association between diuretics use and AMD risk is proven to
be causal, recommendations of antihypertensive treatment need to be modified to guide rational

prescriptions for blood pressure control.
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