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"Department of Epidemiology and Biostatistics, University of California San Francisco, San
Francisco, California, United States of America

Abstract

Objective: Hypertension during pregnancy can adversely affect maternal and fetal health. This
study assessed whether diagnosis of leukemia or lymphoma prior to pregnancy is associated
with hypertensive disorders of pregnancy including gestational hypertension, preeclampsia and
eclampsia.

Study design: A cross-sectional study used two statewide population-based datasets that linked
birth certificates with sources of maternal medical history: hospital discharges in California and
Surveillance, Epidemiology, and End Results (SEER) cancer registry data in lowa. Birth years
included 2007-2012 in California and 1989-2018 in lowa.

Main outcome measures: Primary outcome measure was hypertension in pregnancy measured
from combined birth certificate and hospital diagnoses in California (for gestational hypertension,
preeclampsia, or eclampsia) and birth certificate information (gestational hypertension or
eclampsia) in lowa.

Results: After adjusting for maternal age, race, education, smoking, and plurality, those with
a history of leukemia/lymphoma were at increased risk of hypertensive disorders of pregnancy
in lowa (odds ratio (OR) = 1.86; 95% CI 1.07-3.23), but not in California (OR =1.12; 95% CI
0.87-1.43). In sensitivity analysis restricting to more severe forms of hypertension in pregnancy
(preeclampsia and eclampsia) in the California cohort, the effect estimate increased (OR = 1.29;
95% CI1 0.96-1.74).

Conclusion: In a population-based linked cancer registry-birth certificate study, an increased
risk of hypertensive disorders of pregnancy was observed among leukemia or lymphoma survivors.
Findings were consistent but non-significant in a second, more ethnically diverse study population
with less precise cancer history data. Improved monitoring and surveillance may be warranted for
leukemia or lymphoma survivors throughout their pregnancies.

Keywords
gestational hypertension; leukemia; lymphoma; pregnancy; preeclampsia; eclampsia

INTRODUCTION

Leukemia and lymphoma are two of the top cancers affecting children, adolescent and
young adult patients (AYA). With improved treatments and therapies, the estimated 5-year
survival rate for most cancer sites is over 80% for adolescent and young adult patients

(1). The percent surviving 5-years is 62.7% for leukemia patients, 72.0% for non-Hodgkin
lymphoma, and 86.6% for Hodgkin lymphoma, based on 2009-2015 data (2). With long-
term survival, concerns regarding late-effects of cancer treatments have been raised. In
studies assessing the health needs of adolescent and young adult cancer survivors, one

of the top priority needs was more information regarding fertility, reproductive outcomes,
and sexuality (3, 4). About 75% of cancer survivors, the majority being childhood cancer
survivors, express interest in having a child after a cancer diagnosis and treatment (5, 6).
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Late-effects of treatment, especially health of offspring, is a major concern for leukemia
and lymphoma cancer survivors with capacity for pregnancy (7). Healthy pregnancies
require a normally functioning uterus, an intact hypothalamic-pituitary-ovarian axis, and

an adequate ovarian follicle reserve (8). However, cancer treatments such as radiotherapy

or chemotherapy, used when treating leukemia and lymphoma, can damage and alter
functions of these reproductive organs. Radiotherapy can potentially damage the vagina,
uterus, and ovaries and thus lead to vaginal stenosis and fibrosis, uterine vasculature and
musculature damage, and premature ovarian insufficiency (9—-13). Chemotherapy can lead to
ovarian failure due to potentially being gonadotoxic. Cancer surgery can cause damage to
reproductive structures and impair reproductive health if reproductive organs are removed
(9, 13). The level of damage varies based on type of treatment, drugs and dosage used, stage
of diagnosis, and age at diagnosis. Cancer survivors who had chemotherapy are at higher
risk for miscarriages and preterm deliveries compared to other cancer treatments, such as
radiation and surgery (14-16).

Additional late-effects of leukemia and lymphoma include potentially developing gestational
hypertension. Treatments for leukemia and lymphoma include drugs such as platinum agents
and anthracyclines. Platinum agents can lead to renal impairments; anthracyclines produce
free radicals, and these toxic effects increase the risk for gestational hypertension (17-20).
Few studies assess the risk of preeclampsia and gestational hypertension with cancer (21,
22). These studies were conducted outside the United States, had small sample sizes, and
inadequate ascertainment of gestational hypertension. The primary objective of our study is
to assess whether a diagnosis of cancer prior to pregnancy is associated with hypertension
during pregnancy including gestational hypertension, preeclampsia and/or eclampsia in two
US states.

METHODS

Data Source and Linkages

Two administrative data sources we had access to were included from California and lowa.
For California, a linked dataset maintained by the California Office of Statewide Health
Planning and Development (OSHPD) was used. The dataset information includes births in
California from 2007 to 2012 linked to hospital discharge, birth certificate (BC), and death
records data from birth to one year. This encompasses all records for mother and infant from
one year before birth to one year after birth. Birth certificates also include information on
prenatal care and select antenatal conditions. The hospital discharge data provides diagnosis
and procedure codes based on the /nternational Classification of Diseases, Ninth Revision,
Clinical Modification (1ICD-9-CM).

For lowa, we developed a linked dataset between birth certificates and the Surveillance,
Epidemiology, and End Results (SEER) cancer registry data. The cancer registry created the
cancer incidence database based on the criteria: female cases 0 to 44 years at diagnosis,
currently over 18 and diagnosed with cancer between 1973 and 2018. Cancer cases obtained
from the state cancer registry were linked to birth certificate data to capture the birth of
infants born to women with a prior cancer diagnosis. After matching the case dataset with
the birth certificate files, two randomly selected control infants were selected that matched
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the birth month and year of each case infant. To be eligible for selection, an infant in the
control group required an lowa resident mother who was 18 years of age or older at birth.

Study Population

We included live births of singletons or multiple gestation between 20- and 44-weeks.

In California, we included live births from 2007-2012 and in lowa, from 1989-2018.
Women =45 years of age, with chronic hypertension or with a cancer type other than
leukemia or lymphoma or more than one type of cancer were excluded. Women with chronic
hypertension were excluded because we did not have diagnosis date that would ensure
diagnosis of chronic hypertension occurred after cancer diagnosis. Only the first pregnancy
within the cohort period was included for analysis.

Study Variables

The primary exposure was leukemia and lymphoma. In California, we used ICD-9 codes
201.x-202.x, 203.1x, 204.x-208.x, V10.6, and \V10.7. For lowa, we used the 39 edition
of the International Classification of Diseases for Oncology. Specifically, these are C024,
C098-C099, C111, C142, C379, C422, C770-C779, C420, C421, and C424.

The primary outcome was hypertensive disorders of pregnancy defined as having new

onset of hypertension during pregnancy that included gestational hypertension, preeclampsia
or eclampsia. In California, the variables gestational hypertension, preeclampsia, and
eclampsia were obtained from both birth certificates and the hospital discharge diagnoses
(ICD-9 642.3, 642.4, 642.5, and 642.6). In lowa, gestational hypertension and eclampsia
information were obtained from birth certificates. There is no preeclampsia information in
birth certificates in lowa.

The covariates assessed include age, race (non-Hispanic White, Asian, Black, Hispanic,
Other race), education (<12 years, 12 years, >12 years), smoking history during pregnancy
(yes/no), prior live births (0, 1, 2, 3 or more), and plurality (singleton, twins or more).

Prior live births are those pregnancies occurring outside our cohort time period. For those
in the leukemia/lymphoma group, these could also be pregnancies that occurred prior to
diagnosis. Overall, there was <5% missing from any one variable, except for prior live
births, there was <13% missing in lowa. All covariates for both California and lowa were
collected from birth certificate data. Additionally, in lowa we assessed cancer characteristics
using the SEER registry; in California we did not have cancer related characteristics. In
lowa, we evaluated cancer stage (local, regional, distant, unstaged), age at diagnosis, cancer
treatment (chemotherapy only, chemotherapy with radiation, chemotherapy with surgery,
chemotherapy with surgery and radiation, radiation only, radiation with surgery, surgery
only, none), hormone therapy (yes/no), immunotherapy (yes/no), chemotherapy (yes/no),
radiation (yes/no), and time from diagnosis to delivery (<3 years, 3-5 years, 6-8 years, and
9 or more years).

Statistical Analysis

Univariate and multivariate analysis were conducted using SAS 9.4 (SAS Institute, Cary,
NC). We compared study characteristics based on cancer exposure using chi-square tests for
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categorical variables and t-tests for continuous variables. For California, we used a logistic
regression model to evaluate associations between hypertensive disorders of pregnancy

and cancer. To account for matching in the lowa data, we used a conditional logistic
regression model for assessing the relationship between hypertensive disorders of pregnancy
and cancer. Multivariable logistic regression models were used to adjust for potential
confounders, which included age, race, education, smoking history during pregnancy, and
plurality. A p-value <0.05 defined statistical significance.

Furthermore, we explored the potential impact of cancer therapies and evaluated the
relationship between cancer treatments and prevalence of hypertensive disorders of
pregnancy among leukemia/lymphoma patients in lowa. We also conducted a sensitivity
analysis to assess the risk of severe cases of hypertension in pregnancy among those with a
history of leukemia/lymphoma in California by including only those with preeclampsia and
eclampsia.

For California, methods and protocols for the study were approved by the Committee for the
Protection of Human Subjects within the Health and Human Services Agency of the State
of California. De-identified data was provided to the researchers by the California Office

of Statewide Health Planning and Development (Protocol # 12—-09-0702) and determined
not to qualify as human subjects research by the University of lowa Institutional Review
Board (IRB no.: 201602793). For lowa, the study was approved by the University of lowa
Institutional Review Board. Data was approved for linkage by the lowa Department of
Public Health (RA 3873) and by the University of lowa Institutional Review Board (IRB no:
201811805).

RESULTS

The lifetime prevalence of leukemia and lymphoma in both California and lowa populations
were very similar with 0.041% in California and 0.046% in lowa. In California, a total

of 2,469,649 women met our cohort criteria: a total of 1,024 women with diagnosis of
leukemia/lymphoma and 2,468,625 women without any recorded cancer diagnosis. Among
the women with leukemia/lymphoma, about 56.7% were identified through use of ‘v’
history codes. In the lowa cohort, a total of 1,529 women, 515 having leukemia/lymphoma
and 1,014 of their matched controls, met the cohort criteria.

The descriptive characteristics of both California and lowa are shown in Table 1. The mean
age at delivery was 28.1 years in California and 27.8 years in lowa. Among women in
California with leukemia/lymphoma, 43.6% were non-Hispanic White; in lowa, 94.2% of
the leukemia/lymphoma group were non-Hispanic White. In California, 50.6% controls were
Hispanic; in lowa, 85.8% of controls were non-Hispanic White. Compared with California
mothers, lowa mothers were more likely to be recorded as smoking during pregnancy
(14.1% vs. 4.4%) and were more likely to have education beyond high school (66.3% vs.
45.1%). Overall, when compared to women without history of cancer, women in California
and lowa with history of leukemia/lymphoma were older at birth, more likely to be non-
Hispanic White race/ethnicity, have more years of education, and less likely to have had a
prior birth.
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Cancer and treatment characteristics from the SEER registry in the lowa cohort are
displayed in Table 2. While leukemias are inherently widespread, SEER still applies staging
and all leukemias are classified as distant. Most of the lymphoma patients in our lowa
cohort had regional cancer stage. All but 11% of women were diagnosed before 30 years of
age. The time from cancer diagnosis to time of birth was nine or more years for 43.7% of
women with leukemia/lymphoma history, with one-fifth of women having been diagnosed
within the past three years. When assessing cancer treatment, about 49% were treated with
only chemotherapy and 34.2% were treated with both chemotherapy and radiation, most
being lymphoma patients. The majority of leukemia/lymphoma patients did not have any
immunotherapies (95.9%).

The unadjusted and adjusted logistic regression models for California and lowa are

shown in Table 3. In California, prevalence of hypertensive disorders of pregnancy in the
leukemia/lymphoma group was 7.1% and 5.8% in the non-cancer group. The corresponding
prevalence in lowa were 6.6% and 4.2%. The unadjusted odds ratio in California was

1.24 (95% CI 0.98-1.58) and 1.65 (95% CI 1.02-2.66) in lowa. In California, history

of leukemia/lymphoma was not significantly associated with risk of having hypertensive
disorders of pregnancy compared to women without a history of cancer after adjusting for
maternal age, race, education, plurality, and smoking (OR = 1.12; 95% CI 0.87-1.43). In
lowa, women with history of leukemia/lymphoma were at increased risk of hypertensive
disorders of pregnancy compared to women without history of cancer after adjusting for age,
race, plurality, and smoking (OR 1.86; 95% CI 1.07-3.23). This 12% and 86% increase in
odds corresponds to a difference in risk of 0.8% between births with and without a history of
leukemia/lymphoma in California and a difference of 2.2% in lowa.

In lowa analyses exploring relationship to cancer treatments (Table 4), after adjusting for
cancer stage, diagnosis age, and time since diagnosis to delivery, there were no significant
differences in the odds of hypertensive disorders of pregnancy by cancer treatment.

Additionally, in our sensitivity analysis in Table 5 evaluating the risk of preeclampsia and
eclampsia among those with a history of leukemia/lymphoma in California, the unadjusted
odds ratio was 1.40 (95% CI 1.05-1.86) and after adjusting for age, race, education,
plurality and smoking, the odds ratio was 1.29 (95% CI 0.96-1.74).

DISCUSSION

In two different populations within the US, women with a history of leukemia/lymphoma
were more likely to develop hypertensive disorders of pregnancy than women without this
history, albeit with different strengths of association (California: OR = 1.12 (95% CI 0.87-
1.43); lowa: OR =1.86 (95% CI 1.07-3.23)). In lowa, the SEER registry data allowed
further description of cancer characteristics: 89% of women with leukemia/lymphoma were
diagnosed before 30 years of age, 43.7% were 9 or more years from the time of diagnosis to
delivery, 83% had undergone chemotherapy and 47% radiation treatment.

There were differences between the two populations in demographic characteristics that
could have led to the effect estimate differences; about half of the Californian cohort was
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Hispanic and had no prior live births. However, in lowa, more than 85% of the cohort was
non-Hispanic White, and the majority had one or more prior live births. The differences
in demographic characteristics such as prior live births are potentially due to lowa having
a stagnant population, as demonstrated in data going back to 1989 for births and cancer
diagnosis from 1975 onward. These data suggest people in lowa diagnosed with cancer
stay within the state to have a baby years later and those not diagnosed with cancer

also stay within lowa for an extended time. Thus, we capture more data in lowa about
patient characteristics. In California, birth data were only available from 2007 to 2012, so
information on prior live births is incomplete. Additionally, lowa is comprised of a more
rural population and California both rural and urban populations could also possibly explain
differences in population characteristics.

The effect estimate differences between the two populations of lowa and California could
be due to the different ascertainment of the exposure of leukemia/lymphoma. In California,
ICD-9 codes from hospital discharges were used to assess leukemia/lymphoma, whereas,
cancer registry data was used in lowa. The use of ICD-9 codes as opposed to verified
cancer registry data could have led to misclassification of cancer history. There are yet to

be any validation studies assessing ICD-9 diagnosis codes obtained from pregnancy hospital
discharge data with registry data, which results in difficulty assessing the accuracy of cases
in our population and led to potentially biased results.

Differences in outcome definition in California vs. lowa may also contribute to the
difference in effect estimates. \We were able to combine data from both birth certificates

and hospital discharges for gestational hypertension and pregnancy-induced hypertension in
California (23, 24). Gestational hypertension is underreported in birth certificates (25-28).
Including hospital information may have resulted in increased sensitivity but potentially at
the cost of lower specificity compared with the lowa case definition. However, in California,
when we evaluated the severe cases of hypertension in pregnancy only (preeclampsia

and eclampsia), the effect estimate increased. A more stringent definition for gestational
hypertension led to larger effect estimate which, though not significant statistically, indicates
consistency with the lowa finding. Data collected in lowa on our outcome of hypertensive
disorders of pregnancy occurred over decades, when there were changes in collection of
gestational hypertension information on birth certificates and modifications in diagnosis and
treatment protocols for gestational hypertension. These are potential reasons for differences
we see in the results between California and lowa.

Our results are comparable to other existing studies. Haggar et al. conducted a study

in Western Australia that found a 1.44 (95% CI 1.13-1.87) increased relative risk of
preeclampsia among AYA cancer patients compared to those without history of cancer
after adjusting for aboriginal status, previous cesarean section, maternal smoking, use of
fertility treatment, residential remoteness, and hospital status (21). Even though that study
included all cancers and only preeclampsia whereas we included only leukemia/lymphoma
history and gestational hypertension and eclampsia in addition to preeclampsia, this result
is very similar to our study, having a 1.2- and 1.9-times risk for gestational hypertension
after adjusting for confounders. Another study found that that among those with Wilm’s
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tumor, there was a threefold increased risk of gestational hypertension (RR = 3.29; 95% ClI
2.29-4.71) (22).

Our study has potential limitations. Within the California data, we primarily used ICD-9
codes including V10 history codes to find our leukemia or lymphoma cases. This could
have led to misclassification of the leukemia and lymphoma cases. Additionally, in
California, we may have included some cancers that were diagnosed during rather than
before pregnancy since we do not have cancer diagnosis dates. In our California cohort,
ICD-9 diagnoses could have included some misclassified chronic hypertension in the
outcome definition. However, we excluded women with chronic hypertension, increasing
the likelihood that hypertension codes during pregnancy was gestational hypertension and
not chronic hypertension. We also were not able to assess body mass index, an important
risk factor for hypertension, due to high missingness of this variable in both lowa and
California. Another limitation of this study includes we did not have cancer treatment data
for California. However, we were able to obtain treatment data for lowa from the cancer
registry to explore.

Despite these limitations, our study had several strengths. First, we had a large sample

size with a diverse population. We included two very different populations: lowa and
California. Data from California includes a racially and ethnically diverse population, and
data from lowa contains rural and urban populations. Another strength of this study is the
SEER registry cancer data in lowa, providing verified information on cancer diagnoses,
dates of diagnoses, and treatment. Furthermore, this is the first study to our knowledge
addressing the relationship between leukemia/lymphoma with gestational hypertension and
specifically looking at hypertension during pregnancy that includes gestational hypertension,
preeclampsia, and eclampsia.

In conclusion, our results show increased risk for hypertensive disorders of pregnancy
among women with history of leukemia or lymphoma. The strength of association was
greatest and only statistically significant in the state of lowa. While the effect for

California was not statistically significant, sensitivity analysis with a more specific outcome
definition resulted in a larger, though still nonsignificant, odds ratio. Different relationship
magnitudes between these states may reflect chance variation, differences in data sources,
or true differences in these relationships due to differences in prevalence of modifying
factors such as body mass index or social determinants. Additional large-scale studies
should be conducted that include verified cancer data to evaluate the relationship between
leukemia/lymphoma and gestational hypertension. Overall, our study strengthens existing
epidemiologic evidence of the relationship between history of leukemia/lymphoma with
hypertensive disorders of pregnancy. Understanding complications of past cancer diagnoses
and treatment on future pregnancies will help improve vigilance and healthcare resources
from preconception through birth.
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Table 3:
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Risk of hypertensive disorders of pregnancy among women <45 years of age with leukemia/lymphoma who

gave birth, by state

California

lowa

N With hypertensive disorders of N With hypertensive disorders of
pregnancy (N (%)) pregnancy (N (%))
Leukemia/Lymphoma, N (%) 1024 73 (7.1%) 515 34 (6.6%)
No Cancer, N (%) 2,468,625 143,647 (5.8%) 1014 43 (4.2%)

Unadjusted model (OR (95%
Confidence Interval))

1.24 (0.98, 1.58)

1.65 (1.02, 2.66) *

Adjusted model (OR (95%
Confidence Interval))+

1.12 (0.87, 1.43)

1.86 (1.07, 3.23) "

*
p<0.05

+Adjusted for: age, race, education, plurality, smoking

Uses conditional logistic regression modeling

Pregnancy Hypertens. Author manuscript; available in PMC 2023 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Anand et al.

Table 4:
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Risk of hypertensive disorders of pregnancy among lowa women <45 years of age with leukemia/lymphoma
who gave birth between 1989-2018 based on cancer treatment

Unadjusted model

Adjusted model”

Chemotherapy

Cancer Treatment™ Total With hypertensive OR (95 Confidence Interval OR (95 Confidence Interval

disorders of pregnancy, N (CI)) (CI))

(%)

Chemotherapy only 250 14 (5.6%) Ref Ref
Both Chemotherapy and 176 12 (6.8%) 1.23 (0.56, 2.74) 1.33(0.57, 3.15)
radiation
Radiation only 65 6 (9.2%) 1.71 (0.63, 4.65) 1.98 (0.63, 6.22)
Neither Radiation nor 24 S 1.53(0.33, 7.18) 1.45(0.29, 7.38)

*
Adjusted for time from diagnosis to delivery, diagnosis age, and cancer stage

+A total of 93 women received surgery, typically coded as lymph node surgery

5= Suppressed cells (<6 cell count)
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Risk of preeclampsia and eclampsia among women <45 years of age with leukemia/lymphoma in California

who gave birth

Table 5:

Preeclampsia and Eclampsia only

Unadjusted model (OR (95% Confidence Interval))

1.40 (1.05, 1.86) *

Adjusted model (OR (95% Confidence Interval))+

1.29 (0.96, 1.74)

*
p<0.05

+Adjusted for: age, race, education, plurality, smoking
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