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A B S T R A C T

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 Iowa. Birth years included 2007–2012 in California and 1989–2018 in 
Iowa. 
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 Iowa. 
Results: After adjusting for maternal age, race, education, smoking, and plurality, those with a history of leu-
kemia/lymphoma were at increased risk of hypertensive disorders of pregnancy in Iowa (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% CI 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.   

1. Introduction

Leukemia and lymphoma are two of the top cancers affecting chil-
dren, 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, reproduc-
tive outcomes, and sexuality [3,4]. About 75% of cancer survivors, the 
majority being childhood cancer survivors, express interest in having a 
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child after a cancer diagnosis and treatment [5,6]. 
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 radio-
therapy or chemotherapy, used when treating leukemia and lymphoma, 
can damage and alter functions of these reproductive organs. Radio-
therapy can potentially damage the vagina, uterus, and ovaries and thus 
lead to vaginal stenosis and fibrosis, uterine vasculature and muscula-
ture damage, and premature ovarian insufficiency [9–13]. Chemo-
therapy 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 poten-
tially 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 con-
ducted 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. 

2. Methods

2.1. Data source and linkages 

Two administrative data sources we had access to were included 
from California and Iowa. 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 International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). 

For Iowa, 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, curren-
tly over 18 and diagnosed with cancer between 1973 and 2018. Cancer 
cases obtained from the state cancer registry were linked to birth cer-
tificate data to capture the birth of infants born to women with a prior 
cancer diagnosis. After matching the case dataset with the birth certif-
icate files, two randomly selected control infants were selected that 
matched the birth month and year of each case infant. To be eligible for 
selection, an infant in the control group required an Iowa resident 
mother who was 18 years of age or older at birth. 

2.2. Study population 

We included live births of singletons or multiple gestation between 
20- and 44-weeks. In California, we included live births from 2007 to 
2012 and in Iowa, from 1989 to 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. 

2.3. 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 Iowa, we used the 3rd edition of the International Classifica-
tion 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 Cali-
fornia, 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 Iowa, 
gestational hypertension and eclampsia information were obtained from 
birth certificates. There is no preeclampsia information in birth certifi-
cates in Iowa. 

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 preg-
nancies that occurred prior to diagnosis. Overall, there was <5% missing 
from any one variable, except for prior live births, there was <13% 
missing in Iowa. All covariates for both California and Iowa were 
collected from birth certificate data. Additionally, in Iowa we assessed 
cancer characteristics using the SEER registry; in California we did not 
have cancer related characteristics. In Iowa, 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, ra-
diation 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). 

2.4. 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 categorical variables and t- 
tests for continuous variables. For California, we used a logistic regres-
sion model to evaluate associations between hypertensive disorders of 
pregnancy and cancer. To account for matching in the Iowa data, we 
used a conditional logistic regression model for assessing the relation-
ship between hypertensive disorders of pregnancy and cancer. Multi-
variable 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 preva-
lence of hypertensive disorders of pregnancy among leukemia/lym-
phoma patients in Iowa. 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- 
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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 Iowa Institutional Review Board (IRB no.: 201602793). 
For Iowa, the study was approved by the University of Iowa Institutional 
Review Board. Data was approved for linkage by the Iowa Department of 
Public Health (RA 3873) and by the University of Iowa Institutional 
Review Board (IRB no: 201811805). 

3. Results

The lifetime prevalence of leukemia and lymphoma in both Cali-
fornia and Iowa populations were very similar with 0.041% in California 
and 0.046% in Iowa. 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 diag-
nosis. Among the women with leukemia/lymphoma, about 56.7% were 
identified through use of ‘V’ history codes. In the Iowa 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 Iowa are shown 

in Table 1. The mean age at delivery was 28.1 years in California and 
27.8 years in Iowa. Among women in California with leukemia/lym-
phoma, 43.6% were non-Hispanic White; in Iowa, 94.2% of the leuke-
mia/lymphoma group were non-Hispanic White. In California, 50.6% 
controls were Hispanic; in Iowa, 85.8% of controls were non-Hispanic 
White. Compared with California mothers, Iowa 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 Iowa 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. 

Cancer and treatment characteristics from the SEER registry in the 
Iowa 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 Iowa cohort had regional 
cancer stage. All but 11% of women were diagnosed before 30 years of 

Table 1 
Descriptive characteristics by history of leukemia or lymphoma of California women who gave birth between 2007 and 2012 and Iowa women who gave birth between 
1989 and 2018.    

CALIFORNIA IOWA 

Variable* Description Total (N ¼
2,469,649) 

Leukemia/ 
Lymphomaþ

(N ¼ 1024) 

No Cancer (N ¼
2,468,625) 

Total (N ¼
1529) 

Leukemia/ 
Lymphomaþ

(N ¼ 515) 

No Cancer (N 
¼ 1014) 

Hypertensive disorders of 
pregnancy 

Gestational HTN, 
preeclampsia or eclampsia 

143,720 (5.8%) 73 (7.1%) 143,647 (5.8%) 77 (5.0%) 34 (6.6%) 43 (4.2%) 

No hypertension 2,325,929 
(94.2%) 

951 (92.9%) 2,324,978 (94.2%) 1452 
(95.0%) 

481 (93.4%) 971 (95.8%) 

Maternal Age At Delivery <20 245,360 (9.9%) 75 (7.3%) 245,285 (9.9%) 92 (6.0%) 34 (6.6%) 58 (5.7%) 
20–24 530,999 (21.5%) 177 (17.3%) 530,822 (21.5%) 361 (23.6%) 92 (17.9%) 269 (26.5%) 
25–29 659,507 (26.7%) 262 (25.6%) 659,245 (26.7%) 506 (33.1%) 167 (32.4%) 339 (33.4%) 
30–34 608,744 (24.6%) 281 (27.4%) 608,463 (24.6%) 401 (26.2%) 157 (30.5%) 244 (24.1%) 
35–39 340,692 (13.8%) 178 (17.4%) 340,514 (13.8%) 139 (9.1%) 52 (10.1%) 87 (8.6%) 
40–44 84,347 (3.4%) 51 (5.0%) 84,296 (3.4%) 30 (2.0%) 13 (2.5%) 17 (1.7%) 

Maternal Age 
(Continuous) 

Mean and Std~ 28.1 (6.3) 29.2 (6.2) 28.1 (6.3) 27.8 (5.4) 28.3 (5.4) 27.5 (5.3) 
Median and IQR~ 28.0 (23.0, 33.0) 29.0 (25.0, 

34.0) 
28.0 (23.0, 33.0) 28.0 (24.0, 

32.0) 
28.0 (25.0, 
32.0) 

27.0 (23.0, 
31.0) 

Min and Max~ (13.0, 44.0) (13.0, 44.0) (13.0, 44.0) (16.0, 43.0) (16.0, 43.0) (18.0, 43.0) 
Maternal Race/Ethnicity^ Asian 304,811 (12.3%) 75 (7.3%) 304,736 (12.3%) ^ ^ ^ 

Black 124,112 (5.0%) 53 (5.2%) 124,059 (5.0%) 56 (3.7%) 13 (2.5%) 43 (4.2%) 
Hispanic 1,249,865 

(50.6%) 
353 (34.5%) 1,249,512 (50.6%) 70 (4.6%) 9 (1.8%) 61 (6.0%) 

Other race 179,609 (7.3%) 97 (9.5%) 179,512 (7.3%) 48 (3.1%) 8 (1.6%) 40 (3.9%) 
Non-Hispanic White 611,252 (24.8%) 446 (43.6%) 610,806 (24.7%) 1355 

(88.6%) 
485 (94.2%) 870 (85.8%) 

Smoking History During 
Pregnancy 

No smoking 2,360,594 
(95.6%) 

963 (94.0%) 2,359,631 (95.6%) 1302 
(85.2%) 

455 (88.3%) 847 (83.5%) 

Smoked during pregnancy 109,055 (4.4%) 61 (6.0%) 108,994 (4.4%) 215 (14.1%) 55 (10.7%) 160 (15.8%) 
Prior Live Births 0 1,157,853 

(46.9%) 
555 (54.2%) 1,157,298 (46.9%) 434 (28.4%) 195 (37.9%) 239 (23.6%) 

1 669,706 (27.1%) 267 (26.1%) 669,439 (27.1%) 496 (32.4%) 155 (30.1%) 341 (33.6%) 
2 382,400 (15.5%) 123 (12.0%) 382,277 (15.5%) 257 (16.8%) 60 (11.7%) 197 (19.4%) 
3 or more 258,159 (10.5%) 79 (7.7%) 258,080 (10.5%) 154 (10.1%) 32 (6.2%) 122 (12.0%) 

Maternal Education <12 years 636,044 (25.8%) 135 (13.2%) 635,909 (25.8%) 134 (8.88%) 29 (5.6%) 105 (10.4%) 
12 years 625,588 (25.3%) 215 (21.0%) 625,373 (25.3%) 370 (24.2%) 101 (19.6%) 269 (26.5%) 
>12 years 1,113,706 

(45.1%) 
628 (61.3%) 1,113,078 (45.1%) 1014 

(66.3%) 
383 (74.4%) 631 (62.2%) 

Plurality Singleton 2,425,843 
(98.2%) 

988 (96.5%) 2,424,855 (98.2%) 1484 
(97.1%) 

504 (97.9%) 980 (96.6%) 

Twins and more 43,806 (1.8%) 36 (3.5%) 43,770 (1.8%) 45 (2.9%) 11 (2.1%) 34 (3.4%) 
Gestational Age of 

Delivery(in weeks) 
Mean and Std~ 38.7 (1.9) 38.3 (2.5) 38.7 (1.9) 38.9 (4.0) 38.6 (2.0) 39.0 (4.7) 

Birth Weight (in grams) Mean and Std~ 3308.5 (549.8) 3233.5 (658.3) 3308.6 (549.7) 3398.2 
(624.5) 

3377.8 (584.6) 3408.6 (643.8)  

* The data source for hypertensive disorders of pregnancy was from hospital discharge diagnoses for California and from birth certificate for Iowa. All other variables
from both states came from birth certificates. 

+ California: 324 Leukemia, 700 Lymphoma; Iowa: 126 Leukemia, 389 Lymphoma.
^ Maternal Race/Ethnicity: In Iowa, Asian was grouped with “Other race” due to < 6 cell count. 
~ Std: Standard deviation; IQR: Interquartile range; Min: Minimum; Max: Maximum. 
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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 chemo-
therapy 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 Iowa 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 Iowa 

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 Iowa. 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, edu-
cation, plurality, and smoking (OR = 1.12; 95% CI 0.87–1.43). In Iowa, 
women with history of leukemia/lymphoma were at increased risk of 
hypertensive disorders of pregnancy compared to women without his-
tory 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 corre-
sponds 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 
Iowa. 

In Iowa 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). 

4. Discussion

In two different populations within the US, women with a history of
leukemia/lymphoma were more likely to develop hypertensive disor-
ders of pregnancy than women without this history, albeit with different 
strengths of association (California: OR = 1.12 (95% CI 0.87–1.43); 
Iowa: OR = 1.86 (95% CI 1.07–3.23)). In Iowa, 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 

Table 2 
Cancer and treatment characteristics of Iowa study sample who were diagnosed between 1973 and 2018 by cancer type.  

Variable Description Data Source* Leukemia (N ¼ 126)~ Lymphoma (N ¼ 389)~ 

Cancer Stage Local ICR  56 (14.4%) 
Regional  139 (35.7%) 
Distant 126 (100.0%) 80 (20.6%) 
Unstaged  114 (29.3%) 

Age At Cancer Diagnosis <5 ICR 37 (29.4%) S 
5–9 36 (28.6%) 11 (2.8%) 
10–14 22 (17.5%) 36 (9.3%) 
15–19 11 (8.7%) 79 (20.3%) 
20–24 9 (7.1%) 129 (33.2%) 
25–29 7 (5.6%) 81 (20.8%) 
30–44 S 53 (13.6%) 

Hormone Treatment None ICR 22 (17.5%) 239 (61.4%) 
Yes 104 (82.5%) 150 (38.6%) 

Immune Treatment None ICR 118 (93.7%) 376 (96.7%) 
Yes 8 (6.3%) 13 (3.3%) 

Time From Diagnosis To Delivery <3 years CALCULATED FROM ICR AND BC 12 (9.5%) 90 (23.1%) 
3–5 years 8 (6.3%) 99 (25.4%) 
6–8 years 7 (5.6%) 74 (19.0%) 
9+ years 99 (78.6%) 126 (32.4%) 

Chemotherapy No ICR S 86 (22.1%) 
Yes 123 (97.6%) 303 (77.9%) 

Radiation Treatment No ICR 92 (73.0%) 182 (46.8%) 
Yes 34 (27.0%) 207 (53.2%) 

Cancer Treatment Breakdown+ Chemotherapy only GROUPED FROM ICR 89 (70.6%) 161 (41.4%) 
Both Chemotherapy and Radiation 34 (27.0%) 142 (36.5%) 
Radiation only S 65 (16.7%) 
Neither Radiation nor Chemotherapy S 21 (5.4%)  

* Data source: ICR- Iowa Caner Registry.
+ A total of 93 women received surgery, typically coded as lymph node surgery.
~ S = suppressed cells (<6 cell count). 

Table 3 
Risk of hypertensive disorders of pregnancy among women < 45 years of age 
with leukemia/lymphoma who gave birth, by state.   

California Iowa~

N With 
hypertensive 
disorders of 
pregnancy  
(N (%)) 

N With 
hypertensive 
disorders of 
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)) þ

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 modelling. 
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characteristics that could have led to the effect estimate differences; 
about half of the Californian cohort was Hispanic and had no prior live 
births. However, in Iowa, >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 Iowa 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 Iowa diagnosed with cancer stay within the state 
to have a baby years later and those not diagnosed with cancer also stay 
within Iowa for an extended time. Thus, we capture more data in Iowa 
about patient characteristics. In California, birth data were only avail-
able from 2007 to 2012, so information on prior live births is incom-
plete. Additionally, Iowa 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 Iowa 
and California could be due to the different ascertainment of the expo-
sure of leukemia/lymphoma. In California, ICD-9 codes from hospital 
discharges were used to assess leukemia/lymphoma, whereas, cancer 
registry data was used in Iowa. 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. Iowa 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 Iowa 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 Iowa finding. 
Data collected in Iowa on our outcome of hypertensive disorders of 

pregnancy occurred over decades, when there were changes in collec-
tion of gestational hypertension information on birth certificates and 
modifications in diagnosis and treatment protocols for gestational hy-
pertension. These are potential reasons for differences we see in the 
results between California and Iowa. 

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 tumor, there was a threefold increased 
risk of gestational hypertension (RR = 3.29; 95% CI 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 mis-
classified 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 Iowa 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 Iowa 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: Iowa and California. Data from California in-
cludes a racially and ethnically diverse population, and data from Iowa 
contains rural and urban populations. Another strength of this study is 
the SEER registry cancer data in Iowa, 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 dis-
orders of pregnancy among women with history of leukemia or lym-
phoma. The strength of association was greatest and only statistically 
significant in the state of Iowa. 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. 

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

Unadjusted model Adjusted model* 

Cancer Treatmentþ Total With hypertensive disorders of pregnancy, N 
(%)~ 

OR (95% Confidence Interval 
(CI)) 

OR (95% Confidence Interval 
(CI)) 

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

Chemotherapy 
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.
~ S = Suppressed cells (<6 cell count). 

Table 5 
Risk of preeclampsia and eclampsia among women < 45 years of age with 
leukemia/lymphoma in California who gave birth.   

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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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 hyperten-
sion. Overall, our study strengthens existing epidemiologic evidence of 
the relationship between history of leukemia/lymphoma with hyper-
tensive 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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