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Abstract 
 
 
 
 
 
 

The Association between Advanced Maternal Age and  
Adverse Hypertensive and Diabetic Complications During Pregnancy: 

 
A Six-year Retrospective Cohort Study in Metro Atlanta, USA 

 
 

By  
 

Momoko Kitami 
 
 
 
 
 
 

OBJECTIVE: To investigate the effects of advanced maternal age on adverse hypertensive and 
diabetic complications of pregnancy, in relation to other major risk factors. 
METHODS: A retrospective cohort study using Kaiser Permanente Georgia electronic health 
data of pregnant women receiving prenatal care in 12 Kaiser-affiliated Obstetrics and 
Gynaecology facilities between January 1, 2005 and August 31, 2011, with linked Georgia Birth 
Certificate data.  Women were divided into two age groups: 1) reference group who were 35-39 
years old, and 2) advanced maternal age (AMA) group who were 40 years and older.  Adjusted 
risk ratios (aRR) were calculated after adjusting for correlation among women with multiple 
pregnancies, and relevant confounders (maternal race, obesity, infertility, gravidity, maternal 
education, marital status, and pre-existing medical conditions) using log-Binomial or log-Poisson 
regression analysis. 
RESULTS:  A total of 1181 pregnancies of 1096 women (939 women in reference group, 157 in 
AMA group) were included in the study.  Risk of chronic hypertension was significantly higher in 
the AMA group (adjusted risk ratio [aRR], 2.05; 95%CI, 1.48-2.86), but risk of transient 
hypertension (aRR, 1.07; 95%CI, 0.51-2.22), mild preeclampsia (aRR 1.31; 95%CI, 0.61-2.81), 
severe preeclampsia/eclampsia (aRR 0.87; 95%CI, 0.26-2.86), chronic diabetes (aRR 0.74; 
95%CI, 0.37-1.50), and gestational diabetes (aRR 0.97; 95%CI, 0.59-1.59) were not significantly 
increased in the AMA group.  When risk of having any hypertensive complications was evaluated 
separately for white and black maternal race, AMA remained a significant risk factor among 
blacks (p=0.002), but note whites (p=0.15).  Although risk of having preeclampsia or eclampsia 
was more fully explained by history of chronic hypertension and marital status than AMA, no 
significant risk factor was identified for transient hypertension.  Obesity, primigravida, and Asian 
maternal race were identified as more significant risk factors for gestational diabetes compared to 
AMA. 
CONCLUSION:  Advanced maternal age is an important risk factor for chronic hypertension, 
but other risk factors such as obesity, maternal race, gravidity, and pre-existing medical 
conditions may play a larger role in the development of preeclampsia, eclampsia, and gestational 
diabetes.  Strength of association of these risk factors may vary depending on maternal race.   
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Chapter 1. Literature Review 
 

I. Introduction 

 In many developed nations and some developing countries, postponement of parenthood 

is becoming an increasing trend.  The average age of first birth in many European countries is 

now between the ages of 28 and 29, an increase from 25 years since the 1970s (1).  In the United 

States, the proportion of women who are 35 years or older among all women giving birth to their 

first child, rose from one in 100 in 1970 to one in 12 in 2006, and this trend has been particularly 

evident among women with higher education (2, 3).  Various other reasons have been raised to 

account for this trend, including the availability of contraceptive pills and reproductive 

technologies, rise in female employment, changes in cultural norms concerning marriage, and 

financial difficulties of young adults (1).  In addition to the economic and occupational 

advantages in having children later in life, postponing parenthood also increases the chances of 

raising children in more stable childbearing environments within more stable parental 

relationships who experience less parenting stress (4). 

 However, delaying childbearing has negative obstetrical consequences.  Epidemiologic 

studies have shown that fecundability (probability of conceiving) and fertility (live birth rates) 

decrease with maternal age (4, 5), while risk of miscarriage increases significantly among 

mothers of ages 35 and older (6).  Even after successful conception and pregnancy through term, 

advanced maternal age has been known to be associated with various adverse pregnancy 

outcomes.  Advanced maternal age of over 40 years old at the time of delivery has been shown to 

result in increased risk for intrauterine growth restriction (7, 8), cesarean delivery (9-11), and 

congenital anomalies, most notably chromosomal disorders such as Down syndrome (Trisomy 

21) compared to younger mothers aged 20 to 29 years (4, 12).  Though the trend has not been 

clearly demonstrated in hospital-based studies, advanced maternal age of over 40 years old has 
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also been associated with increased risk of prenatal mortality and stillbirth in population-based 

studies (13-15). 

 Pregnancy at an advanced maternal age also increases the chances of developing 

complications during pregnancy, and epidemiological studies have suggested that risk of 

hypertensive and diabetic complications increase with maternal age, since prevalence of pre-

existing hypertension and diabetes also increase with age (16-18).   

 Hypertensive disorders complicate 10% of all pregnancies, and are the second leading 

cause of maternal death in developed countries, next to direct causes of death such as 

complications from anesthesia and cesarean sections, and accounts for 16.1% of total maternal 

deaths (19, 20).  In Latin America and the Caribbean, the prevalence of hypertensive 

complications during pregnancy is estimated to be 25.7%, which makes it the leading cause of 

maternal morbidity in these countries (20).  In developing countries, poor management of 

hypertension, preeclampsia and eclampsia is one of the major causes of maternal mortality and 

stillbirth (21, 22).  Chronic hypertension alone increases the risk for preterm birth, low birth 

weight (LBW) infants, and small for gestational age (SGA) infants compared to normotensive 

women (23, 24).  Development of preeclampsia can lead to life-threatening complications such as 

respiratory distress syndrome and intrauterine growth restriction (25). Gestational diabetes has 

been known to increase the risk for spontaneous abortion, stillbirth, macrosomia and shoulder 

dystocia, malformation, neonatal hypoglycaemia, and infant respiratory distress syndrome in the 

infant.  For the mother, gestational diabetes increases the risk for pregnancy-induced 

hypertension, preeclampsia, post-partum haemorrhage, infections, prolonged labor, and even the 

chances of developing type-2 diabetes in the future (26).   

 Due to these adverse consequences, understanding the risk factors associated with 

hypertensive and diabetic complications during pregnancy is invaluable for the proper 

management of risk and control of these conditions.  As aforementioned, it is generally 

understood that chronic hypertension and chronic diabetes tend to increase with maternal age.  
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However, study results are inconsistent when the relationship between advanced maternal age and 

specific pregnancy hypertensive and diabetic complications are studied.  Hypertensive and 

diabetic complications of pregnancies are a conglomeration of disorders, and the inconsistency in 

the specific complication measured, and which criteria were used for the diagnosis, may have 

influenced the study outcomes. 

 Hypertensive complications during pregnancy are divided into four categories: chronic 

(or pre-existing) hypertension, transient (or gestational or pregnancy-induced) hypertension, 

preeclampsia/eclampsia, and preeclampsia superimposed on chronic hypertension.  Generally, if 

hypertension (blood pressure ≥ 140/90mmHg confirmed on two separate occasions) is present 

before 20 weeks of gestation or persists more than 12 weeks postpartum, the patient is diagnosed 

as having chronic hypertension.  If hypertension develops after 20 weeks of gestation, but 

resolves within 12 weeks postpartum, the patient is diagnosed with transient (pregnancy-induced) 

hypertension.  De novo hypertension beyond 20 weeks gestation with significant proteinuria is 

diagnosed as preeclampsia, and eclampsia is diagnosed when seizures develop in addition to 

preeclampsia although eclampsia may develop rapidly without signs of preeclampsia (25, 27, 28).  

Some studies have investigated the risk of all hypertensive disorders together, while others have 

combined chronic and transient hypertension together.  It is possible that certain type of 

hypertensive complications is more susceptible to age, while others are less so.  

 Diagnostic criteria for gestational diabetes is even further complicated, as choice of 

diagnostic criteria differ by study location and when the study was conducted.  This is because 

there is no consensus as to which screening and diagnosis criteria lead to best clinical advantages 

over the cost of over-testing and over-diagnosing mothers that may not develop any adverse 

obstetrical outcomes (29).   

 Gestational diabetes has traditionally referred to cases where patients without any 

previous history of diabetes are found to have glucose intolerance during pregnancy.  This 

includes women who are diagnosed with unrecognized, chronic diabetes mellitus for the first time 
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during pregnancy, as well as those who develop glucose intolerance during pregnancy, and those 

whose glucose intolerance persisted after delivery.  In the US, guidelines from the American 

Congress of Obstetricians and Gynecologists (ACOG), which recommend the use of Carpenter & 

Coustan or National Diabetes Data Group (NDDG), and the American Diabetes Association 

(ADA) are most often used.  The National Institute for Health and Clinical Excellence (NICE) is 

used in the United Kingdom.  The World Health Organization criterion is commonly used in 

countries outside of North America (30).  The International Association of Diabetes and 

Pregnancy Study Group (IADPSG) guidelines are used in Germany and Japan.  Therefore, the 

prevalence of gestational diabetes will differ greatly depending on the screening method and the 

diagnostic criteria used (31).  This may partially explain why the prevalence of gestational 

diabetes reported in literature ranges widely from 1.7% to 11.6% even within high-income 

countries (32). 

 There are also ambiguities as to whether advanced maternal age itself increases the risk 

for hypertensive and diabetic complications, or we are observing the effects of other risk factors 

that are also associated with age.  Accurate information on risk factors such as maternal 

race/ethnicity, obesity, socioeconomic status, family medical history, pre-existing medical 

conditions, and use of assisted reproductive technologies (ART) are lacking in may studies, and 

even when studies have this information, not all studies considers them in their analysis.   

 The prevalence of hypertensive disorders among pregnant women differs by age, 

geographical location, and race/ethnicity.  In the US, the prevalence of chronic hypertension for 

women in their 30s is about 5.4% for non-Hispanic white women, but is more than doubled 

(14.5%) for non-Hispanic black women.  For women in their forties, the prevalence of chronic 

hypertension is 19.9% for non-Hispanic white women, and 45% for non-Hispanic black women 

(33).  A population-based epidemiological study from the US by Wallis et al. showed that the risk 

of preeclampsia is 34.1 per 1000 deliveries in the South compared to 29.3 per 1000 deliveries in 

the Northeast.  Wallis et al. speculate that this difference in risk was possibly due to higher rates 
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of obesity among the African-American population, and higher proportion of African-American 

women in the South (34).  Therefore, maternal race and  

 Other known risk factors for transient hypertension besides race, geographical location, 

and ethnicity are obesity, previous history or family history of transient 

hypertension/preeclampsia, multiple gestations, and pre-existing medical conditions, such as 

kidney disorders and immune disorders (35, 36).  Other metabolic disorders that alter insulin 

resistance such as gestational diabetes, polycystic ovary syndrome, and excessive weight gain 

during pregnancy have also been known to be associated with increased risk of transient 

hypertension.  Researchers suggest that transient hypertension may be a part of a spectrum of 

insulin resistance syndrome (37-39).  

 Risk factors for preeclampsia are history of preeclampsia in previous pregnancies, family 

history of preeclampsia, obesity, nulliparity, multiple gestations, change of paternal gametes 

between pregnancies, and use of donor gametes.  Specific pre-existing medical conditions such as 

renal diseases, pre-gestational diabetes, vascular and connective tissue diseases, autoimmune 

diseases, and antiphospholipid antibody syndrome have also been known to be associated with 

preeclampsia (40-43, 19).  Although results are not conclusive, very young or very advanced age, 

ethnicity (African-American and Filipino), and lower socioeconomic status have also been 

reported to be associated with higher risk for preeclampsia (44, 45).  Pregnant women with 

chronic hypertension are specifically at higher risk for developing preeclampsia.  They are 

referred to as “preeclampsia superimposed on chronic hypertension,” and 20 to 25% of women 

with chronic hypertension develop this condition when hypertension is left unmanaged.  Some of 

the risk factors that have been found to be associated with eclampsia are nulliparity, extremely 

young or old maternal age, obesity, and low socioeconomic status (46). 

 Known risk factors for gestational diabetes are obesity, polycystic ovary syndrome, 

previous history of gestational diabetes, family history of type-2 diabetes, ethnicity, and advanced 

maternal age (29).  A new study by Wang et al., have also suggested that assisted-reproductive 
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technology may also be associated with increased risk for gestational diabetes (47).  Although 

some studies suggest that gestational hypertension and preeclampsia during pregnancy may 

increase the changes of developing chronic diabetes in the future, the influence of transient 

hypertension on gestational diabetes is not known (48).  Studies vary whether these potential 

confounders have been adjusted for in their studies, which may account for the inconsistency in 

outcomes across studies. 

 The third reason for the inconsistency in study outcomes may be related to the choice of 

the age groups.  The definition of advanced age and the selection of reference group vary across 

studies, making the interpretation of outcomes across studies a challenging process.  Some studies 

have used maternal age of 35 or older as the advanced maternal age group, while others have used 

over 40 or 45.  There are studies that have used women in the 20s as the reference group (49, 50), 

while others have used a much older reference group (51, 52). 

 These inconsistencies may account for the differences in outcomes of studies 

investigating the effects of advanced maternal age on hypertensive and diabetic pregnancy 

complications.  A detailed comparison of study design and analysis, with particular attention to 

the specific hypertensive complications that was studied, the selection of advanced maternal age 

group, and choice of confounders adjusted for, may be beneficial in understanding whether 

advanced maternal age alone may be an independent risk factor for hypertensive and diabetic 

complications during pregnancy. 

 Therefore, the purpose of this paper is two-fold: 1) to review current literature on the 

effects of advanced maternal age on hypertensive and diabetic complications of pregnancy among 

studies that also provide data on the prevalence of chronic hypertension and diabetes, and other 

potential risk factors such as race/ethnicity, smoking status, socioeconomic status, obesity, and 

pre-existing medical conditions, and 2) to consider how study design, choice of advanced age 

group and reference group, choice of analysis methods and outcomes may have influenced their 

results. 
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II. Methods 

 Using 3 electronic medical databases MEDLINE, Web of Science, and Google Scholar, 

literature search was conducted in March 2013 using the keyword “advanced maternal age” or 

“maternal age” with “pregnancy complications,” “transient hypertension,” “preeclampsia,” 

“eclampsia,” or “gestational diabetes” to identify publications between 1990 to 2013.  Population-

level studies and hospital-base studied, as well as studies from high, middle, and lower-income 

countries were included.  Publications that were not in English were excluded from the review.  

Each article was reviewed by hand to detect whether the study contained data on effects of 

advanced maternal age on hypertensive and diabetic complications during pregnancy, which 

included any of the following pregnancy complications: transient hypertension, mild 

preeclampsia, severe preeclampsia, eclampsia, and gestational diabetes.  Studies that did not 

report on the prevalence of pre-pregnancy hypertension and diabetes were excluded from the 

study.  Data on other potential risk factors for hypertension and diabetes such as race/ethnicity, 

education, occupation, obesity, and pre-existing medical conditions such as cardiac diseases, 

thyroid disorders and metabolic disorders were extracted from the studies.  Information on parity 

and the use of ART or in vitro fertilization (IVF) among the study population were also extracted.  

Studies were categorized according to how advanced maternal age was categorized in the study.  

If more the study had more than two age categories, they were categorized according to their 

oldest age group.  Studies enrolling only  

III. Findings 

Study design, size, and demographic characteristics  

 A total of 39 studies were obtained and categorized according to their highest age group 

used for advanced maternal age (Table 1).  Of the 39 publications, 22 studies were retrospective 

single center hospital-based cohort studies, twelve were large multicenter studies or retrospective 

population-based cohort studies using regional birth registries and health databases, and five were 
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prospective single center hospital-based cohort studies (52-56).  Additionally, there was one 

retrospective multicenter cohort study (50), one case-control study (57), and one prospective 

multi-center cohort study (16).  There were 14 publications from the Middle East including six 

studies from Israel, nine studies from North America, eight publications from Europe, four 

studies from Asia, three from Australia, and one from Africa.   

 Among all 37 studies, 21 studies enrolled patients according to birth, and 16 studies 

enrolled patients according to conception after 10 to 24 weeks of gestation (16 studies).  There 

were 18 studies that either restricted patient enrollment by nulliparous pregnancies or stratified 

their results by nulliparous and multiparous women, whereby adjusting for parity in their study, 

and 12 studies that adjusted for multiple births in their analyses by enrolling only singleton births 

or pregnancies.  Almost all studies had information on parity or gravidity of the cohort.   

 Patient demographics such as race, education, marital status, smoking status, obesity, 

were reported in mostly population-based cohort studies, but less frequently in hospital-based 

cohort studies.  Some hospital-based cohort studies reported on demographic characteristics such 

as occupation, marital status, and ethnic background (51, 53, 58, 59), but most hospital-based 

studies did not provide any demographic information.  Because all population-based cohort 

studies were from Europe, North America, Australia, they appeared to have a high proportion of 

white mothers in the cohort, ranging from 69.4% (60) to over 93.1% (27) in the advanced 

maternal age group, although distribution of race was not reported in many studies from Europe.  

Three studies from the US had the most ethnically diverse cohort.  In these studies, there were 

significantly higher proportion of Whites and Asians in the advanced maternal age group, 

whereas younger mothers tended to have higher proportion of Hispanics.  In comparison, the 

distribution of blacks was more consistent across different age categories.  All three studies 

adjusted for race in their analysis. 
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Pre-existing medical conditions 

 Studies revealed varying prevalence of chronic hypertension within their study 

population.  This discrepancy was probably due to how chronic hypertension was screened and 

diagnosed in these studies.  For instance, Jolly et al. reported that they counted those who had 

chronic hypertension when mothers booked their first prenatal care visits, whereas other studies 

used ICD-9 diagnosis codes to pull records for chronic hypertension retrospectively from 

electronic medical charts.  Only one study screened patients prospectively and diagnose them 

using international guidelines (International Society for the Study of Hypertension in Pregnancy).  

This study reported that the prevalence of chronic hypertension was 0.1% in the younger 

reference group (20-29 years old), and 0.8% in the advanced age group (30-39 years old) (57).  In 

most studies, the prevalence of chronic hypertension generally ranges from 0% to 2.0% in the 

younger age group (62, 63), but the study by Jolly et al. (60) reported 4.7% in the younger age 

group (18 to 34 years old).  In the advanced maternal age group, prevalence of chronic 

hypertension appeared to range more widely, from 0.6% to 0.8% (61), to as high as 10.1% to 13% 

(64, 65). 

 Most studies reported prevalence of pre-existing diabetes in their study population to be 

below 2%.  Studies with the highest prevalence of chronic diabetes were from Israel: 4.5% (66) 

and 9.6% (55) in the advanced maternal age group of over 45 years old.  This is not surprising, as 

prevalence of chronic diabetes is known to be high in Middle Eastern countries (67). 

 Despite this variability in prevalence of chronic hypertension and diabetes, most studies 

reported that prevalence was significantly association with maternal age.  Out of 22 studies that 

had a statistical test for whether or not risk for chronic hypertension was higher in the advanced 

age group, 16 studies found significant increase in the advanced maternal age group, and two 

studies reported significant difference in risk for multiparous mothers, but insignificant difference 

in risk for nulliparous mothers (68, 9).  Out of 17 studies that had a statistical test for whether or 
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not risk for chronic diabetes was higher in the advanced age group, 11 studies found significant 

increase in the advanced maternal age group, but six studies reported insignificant outcomes. 

 Studies varied in how other pre-existing conditions were reported.  Although most studies 

reported chronic (also referred to as pre-existing or essential) hypertension and pre-existing (pre-

gestational) diabetes separately from transient hypertension and gestational diabetes, some studies 

reported the combined effects as hypertensive complications or diabetic complications.  All six of 

these studies found significant association between hypertensive and diabetic complications and 

advanced maternal age, but this is expected, as rates of chronic hypertension and chronic diabetes 

are known to increase with age. 

 Many studies grouped various pre-existing medical conditions together (e.g. thyroid 

dysfunctions, anemia, asthma, cardiac diseases, renal diseases, immune disorders, seizures, 

neurologic disorders, psychiatric disorders, and genetic abnormalities), and report them as 

concurrent diseases, medical disorders, or chronic conditions.  However, only five studies 

adjusted for these conditions in their analysis (9, 13, 16, 18, 69), and two studies adjusted for pre-

existing medical conditions by enrolling only those without any chronic conditions in their study 

(56, 59). 

Over 35 years old as the advanced maternal age group 

 There were eight studies that used 35 years old as a cut-off age for advanced maternal age 

(Table 1).  Among these studies, three studies used ages 35 or younger, or below 35, as the 

comparison group (58, 70, 71), three studies used 29 or younger as the comparison age group (49, 

50, 72), and two studies used 25 or younger as the comparison age group (62, 65).  

 Studies that used a much younger comparison group tended to be small retrospective 

studies, but there was no obvious trend between study size and study outcomes.  Amongst the 

seven studies that used a cut-off age of 35 years for advance maternal age to investigate the risk 
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of preeclampsia, three studies found significant increase in risk in the advanced maternal age 

group (70-72), but three studies did not find a statistically significant association (49, 58, 62).  

 Study by Biro et al. (71) was the only retrospective population cohort study in this age 

group that had reported pregnancy-induced hypertension (transient hypertension), 

preeclampsia/HELLP syndrome, and gestational diabetes.  The study adjusted for parity and 

public or private hospital admission status, and found significant association between transient 

hypertension, preeclampsia/HELLP syndrome, and gestational diabetes with advanced maternal 

age. 

 Interestingly, Shehadeh’s study (65) was the only study that had separately reported 

preeclampsia without history of chronic hypertension from superimposed preeclampsia, and 

demonstrated that risk for chronic hypertension and superimposed preeclampsia were both higher 

among the older age group, but preeclampsia without history of chronic hypertension was higher 

in the younger reference group.  Shehadeh’s study was also unique in that the reference group 

more than 10 years younger than the advanced age group.  Because young maternal age has also 

been known to be associated with preeclampsia, the effects of advanced maternal age may not 

have been as evident in studies where young comparison group in their 20s were used. 

Over 40 years old as the advanced maternal age group 

 There were 19 studies that used 40 years old as a cut-off for advanced maternal age 

(Table 2).  Among these, ten studies used a reference group that included only women in the 20s 

(9, 18, 54, 57, 68, 73-76), and seven studies used women who are below 35 as the reference group 

(16, 60, 64, 77-80).  Only two studies had a comparison group of women who were below 40 (47, 

63).  

 Wang et al. (61) used a reference age group of 35 to 39, whereas Chan and Lao used all 

ages below 40 as the reference group to investigate whether there were significant increases in 

risk for preeclampsia and gestational diabetes in the advanced maternal age group.  Wang’s study 



	
   12	
  

resulted in insignificant outcome, whereas Chan and Lao’s study (63) showed significant increase 

in risk in the advanced age group.  Although other factors such as sample size, prevalence of 

obesity, and maternal race (Norwegian and Asian) may have caused the observed difference in 

outcomes, the choice of the reference group may also have been a contributing factor. 

Over 45 years old as the advanced maternal age group 

 There were six studies that used 45 as a cut-off value (Table 3).  Four of these studies 

used women of ages 20 to 29 as a reference age group (10, 13, 55, 66), one study used a reference 

group of 30 to 34 years of age (17), and one used 40 and under as the reference group (81). 

 Spontaneous pregnancies are rare among women beyond 45.  Women who deliver after 

45 tend to be those who have very high gravidity and parity, and lower rates of spontaneous 

abortion compared to nulliparous women (82, 83).  As observed in the study by Dulitzki et al. 

(10), there were significant differences in the proportion of those who used assisted conception 

(6.5% in the reference group 20 to 29 years old compared to 26.6% in the advanced age group) 

and egg donation (0% in the reference group compared to 13.7% in the advanced age group).  

 Amongst the six studies, only Laskov et al. (81) adjusted for the use of ART by enrolling 

only women who conceived through in vitro fertilization (IVF).  Laskov et al. found significant 

increase in risk for transient hypertension, severe preeclampsia, and gestational diabetes in the 

advanced age group (≥45 years old) compared to the reference group (<40 years old).  However, 

only the use of ART and multiple births were adjusted for in this study.  Nulliparity is also an 

important risk factor for hypertensive complications during pregnancies.  Only Luke and Brown 

(17) adjusted for this among the six studies, and demonstrated that hypertensive and diabetic 

complications increase with maternal age after adjusting for maternal race and parity.  No study 

adjusted for both the use of assisted conception and parity.  Studies enrolling women who are 

over the age of 45 should consider providing stratified results for nulliparous and multiparous 

women, and controlling for the use of ART. 



	
   13	
  

Over 50 years old as the advanced maternal age group 

 There were five studies that used age 50 as a cut-off value to investigate the effects of 

advanced maternal age on pregnancy complications, and all of these were single hospital studies 

(51, 52, 56, 59, 84) (Table 4).  Amongst all women in these studies, only two mothers who are 50 

and over conceived spontaneously (59).   All other women conceived through the use of IVF 

technologies using oocyte donations.  Two of the five studies considered nulliparity as a risk 

factor for adverse pregnancy complications, and controlled for its effects by either enrolling only 

nulliparous patients in the study (51), or stratifying the population by parity (59).  Only Chibber’s 

study resulted in significant results.  Chibber’s (59) study found that women of advanced 

maternal age (≥50 years old) have higher risk of preeclampsia and gestational diabetes, even after 

adjusting for chronic conditions (including chronic hypertension), race, and parity, but not 

adjusting for the use of assisted reproductive technology and multiple births.  Small sample size 

may have accounted for non-significant outcomes in other studies in this age category. 

Outcome 

 Similar to pre-existing conditions, studies varied widely on how hypertensive and 

diabetic complications of pregnancy were reported.  Most studies reported on preeclampsia and 

gestational diabetes, but transient hypertension was reported in fewer studies.  Some studies 

grouped all hypertensive disorders such as transient hypertension, preeclampsia, and eclampsia 

together, without providing separate results for each (56).  Other studies reported on 

“hypertension” or “hypertensive disorders” without clarifying which specific they were referring 

to.  Not all studies clearly distinguished chronic hypertension, transient hypertension, mild 

preeclampsia, severe preeclampsia, eclampsia, as well as chronic and gestational diabetes, and 

few studies also provided information on the diagnostic criteria that was used in the study (13, 

16).  There were also five studies that grouped pre-existing and gestational diabetes together (17, 

62, 70, 74, 80), and two studies reported chronic and transient hypertension together (7, 58).   
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 a. Transient hypertension 

 Prevalence of transient hypertension in various reference age groups ranged widely from 

0.4% (ages 20-25) the study by Amarin and Akasheh (62) to 11% (ages 20-29) in the study by 

Ludford et al. (76).  Study by Glasser et al. (51) reported unusually high prevalence of 36.3% in 

the reference group, but was explainable by the age range of this group 45 to 49 years old.  In the 

advanced maternal age group, transient hypertension ranged from 1.8% (ages 40-44) in a study by 

Jacobsson et al. (13) to as high as 18.5% (≥40 years old) in the study by Diejomaoh et al. (74).  

Cleary-Goldman, et al. (16) used “blood pressure >140/90 on at least 2 occasions greater than 6 

hours apart without evidence of chronic hypertension or significant proteinuria” to diagnose 

chronic hypertension, but most retrospective studies did not indicate how transient hypertension 

was screened and how they were diagnosed.   

 Despite this inconsistency, nine out of 15 studies that had a statistical test reported 

significant difference in risk for transient hypertension in the advanced maternal age group 

compared to the reference group.  Of the six studies that did not find a statistically significant 

relationship, three were from studies of women of over 50 as the advanced maternal age group 

with small sample size (51, 52, 84).  However, the other three studies that did not find significant 

results were from population-based cohort studies with large sample sizes (16, 76, 79).  There 

were also three population-based cohort studies that found a statistically significant association 

between advanced maternal age and transient hypertension (13, 17, 71).  Most small cohort 

studies appear to show that the risk of transient hypertension increases with advanced maternal 

age, but half of the large population-based cohort studies found insignificant outcomes, and 

results are not conclusive. 

 b. Preeclampsia 

 Fifteen studies out of 25 studies that investigated the difference in risk for preeclampsia 

in the advanced maternal age group compared to the younger reference group found a significant 



	
   15	
  

increase in risk in the advanced age group, and two studies presented different results stratified by 

parity.   

 Abu-Heija et al. (66) used a much younger reference group (age 20-29) compared to the 

advanced age group (age ≥ 45), and report significant difference in the incidence of preeclampsia 

between these two age groups (1.6% in the reference group versus 12.3% in the advanced age 

group).  However, choice of very young reference group did not always result in significant 

outcomes.  A study by Jacobsson et al., which used data from the Swedish Birth Registry, 

reported that risk for severe preeclampsia was higher in the older age group (0.66% in age group 

≥45) compared to the younger reference group (2.1% in ages 20-29), but risk for severe 

preeclampsia was actually higher among the younger age group (13).  There were three other 

studies that reported outcomes for mild and severe preeclampsia separately (59, 64, 84), and two 

studies by Chibber (59) and Yaniv et al. (64) found significant increase in risks for both mild and 

severe preeclampsia in the advanced maternal age group.  It is possible that mild preeclampsia 

and severe preeclampsia have different profiles of risk factors, and the effects of age on the risk 

for these two conditions also differ. 

 Nullparity is a known risk factor for preeclampsia.  Some studies that stratified its 

outcomes by nulliparous and multiparous women found significant association between age and 

preeclampsia in both strata (9, 59, 63, 71, 75), and two studies did not find significance in either 

nulliparous or multiparous women (47, 49).  One study found significant association between 

advanced maternal age and preeclampsia in multiparous women, but not in nulliparous women 

(68).  Studies that only recruited nulliparous women also had both significant and non-significant 

outcomes.  

 Therefore, maternal age, along with how advanced maternal age was categorized, or how 

the younger reference group was selected, do not appear to determine the risk for preeclampsia.  

Parity may play a larger role in the development of preeclampsia, but effects of parity or its 
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interaction with age on the risk for preeclampsia is outside the scope of this review.  Results 

regarding effects of advanced maternal age on preeclampsia are not conclusive. 

 c. Eclampsia 

 Only four studies provided any information on eclampsia – one study reported on 

eclampsia separately from preeclampsia (62); one study reported on risk of developing eclampsia 

among preeclampsia patients (70); and two studies reported on eclampsia grouped together with 

preeclampsia (56, 79). Only Kullmer et al. (79) reported significant increase in the risk of 

preeclampsia/eclampsia in the advanced maternal age group. 

 d. Gestational diabetes 

 Studies varied in how gestational diabetes was diagnosed.  Study by Jahromi et al. (57) 

counted any patients with abnormal fasting glucose and abnormal glucose tolerance test as having 

“diabetic complications,” whereas other studies followed diagnosis such as Carpenter and 

Coustan criteria (55), or modified version of Carpenter and Coustan criteria (16).  Two studies 

reported gestational diabetes as GDM-A1 (diet controlled) or GDM-A2 (insulin-requiring) (64, 

84).  Most retrospective cohort studies did not clarify how gestational diabetes was diagnosed and 

classified at the time of diagnosis.  

 This inconsistency in diagnostic methods may account for the wide range in the 

prevalence of gestational diabetes observed in the study population.  Gestational diabetes ranged 

from 0.28% in the 20-29 reference age group by Jacobsson et al. (13) to as high as 10.2% and 

13.4% reported in studies from Laskov et al. (81) and AlShami et al. (58) in the under 40 and 20-

34 reference age group.  In the advanced age group, Chan and Lao (63) reported that they found 

risks of developing gestational diabetes as high as 25% of nulliparous women and 31% of 

multiparous women in their study over 40 years of age in their study.  Roughly a third of their 

study population had obesity, which may explain the unusually high risk of gestational diabetes in 

this study.  
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 Twenty-seven studies in this review reported on gestational diabetes, and twenty of these 

found statistically significant increase in risk of gestational diabetes in the advanced maternal age 

group compared to the younger reference group.  All population-based cohort studies that 

measured the risk for gestational diabetes reported significant association.  Seven studies did not 

find significant association between gestational diabetes and advanced maternal age. The cut-off 

age in these studies were 35, 40, or 45, and these cut-offs did not seem to influence whether a 

study resulted in significant or insignificant outcomes.   There were six studies that grouped pre-

existing and gestational diabetes together, and reported the risk for having either of the two 

conditions (7, 17, 62, 70, 74, 80).  All of these studies found that risk for pre-existing and 

gestational diabetes was significantly higher in the advanced maternal age group compared to the 

younger reference group.  One study provided data on “Diabetes Mellitus,” but did not specify 

whether or not gestational diabetes were included (66).  Many studies demonstrate an age 

associated increase in risk of gestational diabetes, and the results of this review are consistent 

with what has been previously known.  

Results of population-based cohort studies  

 All large multicenter studies or population-based cohort studies were from high-income 

countries, which included five studies from Europe, four from North America, and three from 

Australia.  Five studies that reported on the prevalence of chronic hypertension all found 

significant increase in the prevalence in the AMA group (16, 17, 70, 75, 76).  Three studies out of 

six that reported on transient hypertension did not find a statistically significant increase in 

transient hypertension in the advanced maternal age group (16, 76, 79).  Ludford et al. (76) and 

Cleary-Goldman et al. (16) reported incremental rise in risk of chronic hypertension with 

increasing maternal age, but did not find this association for transient hypertension.  Three studies 

showed a statistically significant increase in risk for both chronic and transient hypertension in 

the AMA group (7, 13, 17).   
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 Of the nine studies that reported on preeclampsia (and or eclampsia), five studies found 

statistically significant increase in risk for preeclampsia in the advanced maternal age group, two 

studies did not find a statistically significant increase (16, 62), one study did not report a 

statistical test, and one study by Jacobsson et al. reported mixed outcomes (13).  Using the 

Swedish Medical Birth Register, Jacobsson et al. (13) found that mild preeclampsia was more 

likely to occur in the younger group (age 20 to 29) compared to the advanced maternal age group 

(age ≥45), but severe preeclampsia was more likely to occur in the advanced age group compared 

to the younger group.  Of the two studies that did not find a significant increase in risk of 

preeclampsia in the AMA group, the study by Jolly et al. (60) adjusted for chronic diabetes, 

gestational diabetes, and smoking 

 Of the six studies that reported on the prevalence of chronic diabetes, three studies 

reported age-associated increase in prevalence (17, 69, 79), and three studies did not find 

difference in the prevalence across age groups (13, 16, 76).  Amongst the ten large multicenter or 

population-based studies that reported on gestational diabetes, six studies reported significantly 

higher risk of gestational diabetes in the advanced maternal age group, three studies reported 

increase in combined risk for chronic and gestational diabetes, and one study did not report a 

statistical test but showed increase in risk for gestational diabetes.  

 Amongst all large population-based studies, only two studies adjusted for pre-existing 

medical conditions and other important risk factors such as maternal race and parity in their 

study.   A study by Jacobsson et al. (13) adjusted for parity, marital status, smoking status, 

multiple gestations, malformations, and pre-existing maternal diseases, which included 

hypertensive diseases, diabetes, bronchial asthma, disseminated lupus erythematosus, and 

inflammatory bowel disease.  He found that AMA increased the risk of transient hypertension, 

severe preeclampsia, and gestational diabetes, but not mild preeclampsia.  Cleary-Goldman et al. 

(16) adjusted for study site, maternal race, parity, BMI, education, marital status, smoking status, 

previous adverse pregnancy outcome, use of assisted conception, and pre-existing medical 
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conditions in his study.  Pre-existing medical conditions included were pre-gestational diabetes, 

cardiac disease, chronic hypertension, renal disease, thyroid disease, autoimmune disease, seizure 

disorders, neurologic disorders, psychiatric disorders, and genetic abnormalities (maternal or 

paternal).  He found that AMA increased the risk of gestational diabetes, but not transient 

hypertension or preeclampsia. 

IV. Discussion 

 This study attempted to review literature on advanced maternal age and its effects on 

risks for hypertensive and diabetic complications during pregnancy.  Studies that have reported 

the prevalence of pre-existing conditions of their study sample, including pre-existing 

hypertension and diabetes, were selected.  Studies were compared according to study size, choice 

of advanced age group and reference age group, study outcomes, and choice of confounders 

adjusted for in their study, such as race/ethnicity and parity. 

 Thirty-nine studies were collected, and among these were twelve large population-based 

cohort studies.  Majority of the studies reported significant increase in risks for chronic diabetes 

and gestational diabetes in the advanced maternal age group.  Risk for preeclampsia was also 

significantly increased in older age groups compared to younger reference groups in most studies.  

The choice of reference group and advanced maternal age group did not appear to influence study 

outcomes.  However, transient hypertension and eclampsia were not investigated in many studies, 

and the influence of advance maternal age on these conditions remains uncertain.  Population-

based cohort study using the Swedish Birth Registry by Jacobsson et al. (13) showed that risk of 

mild preeclampsia was higher in the younger reference group (20-29 years old) compared to the 

advanced age group (≥45 years old), but risk for severe preeclampsia was higher in the advanced 

age group compared to the reference group.  Whether or not the effects of maternal age are 

different for mild and severe preeclampsia, is also undetermined.   
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 Not all large population-based cohort studies reported consistent outcomes.  Although all 

studies reported increase in chronic hypertension and gestational diabetes in the AMA group, 

conflicting results were found for transient hypertension and preeclampsia.  Small cohort studies 

that defined advanced maternal age group as 50 years or older tended to have insignificant 

outcomes due to their small sample size, whereas other small cohort studies showed statistically 

significant outcomes.   

 Although many studies had significant differences in maternal race and prevalence of 

obesity across age groups, most studies did not adjust for these factors in their analyses.  There 

were only two small cohort studies (9, 18) and two large population-based studies (13, 16) that 

adjusted for chronic conditions.  All four of these studies found significant association of AMA 

and gestational diabetes, but results were not consistent for transient hypertension and 

preeclampsia. 

Limitations 

 Limitation of this study is the variability in the characteristics of the study population, 

study design, and screening and criteria used for diagnosing hypertensive and diabetic 

complications during pregnancies, which make comparison of studies difficult.  Although many 

studies took parity and multiple births into consideration, most studies did not adjust for the 

history of medical conditions, parity, and use of ART in their results, as these are often difficult to 

obtain in retrospective studies.  This review also did not provide effect measure calculations 

(meta-analysis) that summarize data from all studies.  Additionally, large, population-based 

cohort studies tended to have greater proportion of white, affluent, and well-educated women in 

their study population compared to the general US population.  Evidence of other ethnic groups 

or middle and low-income countries, and evidence from ethnically diverse populations in high-

income countries are lacking.  These limitations make generalizability of findings difficult, and 

assessing the sole impact of age on pregnancy complications remains a challenge. 
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Conclusion  

 Despite variations in study size, study location, choice of AMA and reference groups, 

studies in this review showed that women who conceive at an advanced age (≥35 years old) have 

higher risk of chronic hypertension and gestational diabetes, but the effects of AMA on the risks 

of transient hypertension, mild preeclampsia, and severe preeclampsia separately, are unclear. 

 In the US, the incidence of transient (gestational) hypertension and preeclampsia have 

been increasing due to increase in prevalence of known risk factors such as chronic hypertension, 

pre-gestational diabetes, and obesity, although overall maternal morbidity has remained the same 

in the last several decades (34, 85).  Transient hypertension affects about 6% to 7% of 

pregnancies, while preeclampsia complicates about 2% to 8% of pregnancies (86).  Therefore, 

future studies should aim to explain how important age is as a risk factor for these conditions, and 

how it is related to other known risk factors. 

 As more women delay childbearing, there is greater need for empirical evidence 

regarding risks of advanced age on maternal and child outcomes for both patients and health 

practitioners.  It is essential for health care providers to have such information to better counsel 

patients who wish to become pregnant at an older age, and for patients to better understand the 

benefit and risks of delaying childbearing when planning their pregnancies.  With such evidence, 

physicians may be able to more closely monitor higher risk women.  Additionally, they may help 

increase patients’ awareness of the types of complications they may experience, and suggest other 

lifestyle changes that may help them avoid adverse pregnancy outcomes. 
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The Association between Advanced Maternal Age and  
Adverse Hypertensive and Diabetic Complications During Pregnancy: 

 
A Six-year Retrospective Cohort Study in Metro Atlanta, USA 

 
 

By  
 

Momoko Kitami 
 
 
 
 
 

OBJECTIVE: To investigate the effects of advanced maternal age on adverse hypertensive and 
diabetic complications of pregnancy, in relation to other major risk factors. 
METHODS: A retrospective cohort study using Kaiser Permanente Georgia electronic health 
data of pregnant women receiving prenatal care in 12 Kaiser-affiliated Obstetrics and 
Gynaecology facilities between January 1, 2005 and August 31, 2011, with linked Georgia Birth 
Certificate data.  Women were divided into two age groups: 1) reference group who were 35-39 
years old, and 2) advanced maternal age (AMA) group who were 40 years and older.  Adjusted 
risk ratios (aRR) were calculated after adjusting for correlation among women with multiple 
pregnancies, and relevant confounders (maternal race, obesity, infertility, gravidity, maternal 
education, marital status, and pre-existing medical conditions) using log-Binomial or log-Poisson 
regression analysis. 
RESULTS:  A total of 1181 pregnancies of 1096 women (939 women in reference group, 157 in 
AMA group) were included in the study.  Risk of chronic hypertension was significantly higher in 
the AMA group (adjusted risk ratio [aRR], 2.05; 95%CI, 1.48-2.86), but risk of transient 
hypertension (aRR, 1.07; 95%CI, 0.51-2.22), mild preeclampsia (aRR 1.31; 95%CI, 0.61-2.81), 
severe preeclampsia/eclampsia (aRR 0.87; 95%CI, 0.26-2.86), chronic diabetes (aRR 0.74; 
95%CI, 0.37-1.50), and gestational diabetes (aRR 0.97; 95%CI, 0.59-1.59) were not significantly 
increased in the AMA group.  When risk of having any hypertensive complications was evaluated 
separately for white and black maternal race, AMA remained a significant risk factor among 
blacks (p=0.002), but note whites (p=0.15).  Although risk of having preeclampsia or eclampsia 
was more fully explained by history of chronic hypertension and marital status than AMA, no 
significant risk factor was identified for transient hypertension.  Obesity, primigravida, and Asian 
maternal race were identified as more significant risk factors for gestational diabetes compared to 
AMA. 
CONCLUSION:  Advanced maternal age is an important risk factor for chronic hypertension, 
but other risk factors such as obesity, maternal race, gravidity, and pre-existing medical 
conditions may play a larger role in the development of preeclampsia, eclampsia, and gestational 
diabetes.  Strength of association of these risk factors may vary depending on maternal race.   
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I. Introduction 

 In many developed nations and some developing countries, postponement of parenthood 

is becoming an increasing trend due to rise in female employment and higher education, the 

growing availability of contraceptive pills, changes in cultural norms concerning marriage, and 

financial difficulties during young adulthood (1).  In the United States, the proportion of women 

who are 35 years or older among all women giving birth to their first child, rose from one in 100 

in 1970 to one in 12 in 2006 (2, 3).  This trend in delaying childbearing has brought greater 

attention to the negative obstetrical consequences of conceiving at an advanced maternal age.  

Epidemiologic studies have shown that fecundability (probability of conceiving) and fertility (live 

birth rates) decreases with maternal age (4, 5), while risk of miscarriage increases significantly 

among mothers of ages 35 and older (6).  Even after successful conception and pregnancy 

through term, advanced maternal age is known to be associated with various adverse pregnancy 

outcomes such as intrauterine growth restriction (7, 8), cesarean delivery (9, 10, 11), and 

congenital anomalies (e.g. Down syndrome, Trisomy 21), and possibly prenatal mortality and 

stillbirth (12, 13, 14) compared to younger mothers between ages 20 and 29 (4, 15). 

 Among various pregnancy complications, hypertensive and diabetic complications have 

been a major topic of research due its potentially life-threatening effects on both the fetus and the 

mother.  Hypertensive disorders alone are the second leading cause of maternal death in 

developed countries, accounting for 16.1% of total maternal deaths (16, 17).  They are the leading 

cause of maternal morbidity in Latin America and the Caribbean, accounting for 25.7% of 

maternal deaths (17).  Poor management of hypertension, preeclampsia and eclampsia is one of 

the major causes of maternal mortality and stillbirth developing countries (18, 19).   

 The growing prevalence of obesity, hypertension, and diabetes around the globe are also 

of concern, as women with chronic hypertension are at higher risk for developing severe forms of 

hypertensive complications such as preeclampsia and eclampsia.  Studies show that 20 to 25% of 
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women with chronic hypertension develop preeclampsia, and chronic hypertension alone 

increases the risk for preterm birth, low birth weight infants, and small for gestational age infants 

(20, 21).  In the US, the overall maternal morbidity has remained the same in the last several 

decades, but the incidence of transient (gestational) hypertension and preeclampsia have been 

increasing due to increase in prevalence of known risk factors such as chronic hypertension, pre-

gestational diabetes, and obesity (22, 23).  Management of hypertensive patients is essential in 

obstetrics care, since the development of preeclampsia can lead to major complications for the 

infant, such as respiratory distress syndrome and intrauterine growth restriction (24).  Screening 

and management of patients with diabetic disorders are also important part of routine obstetrics 

care, as diabetic complications increase the risk of post-partum haemorrhage, infections, and 

prolonged labor for the mother, and increase the risk of spontaneous abortion, stillbirth, 

macrosomia, shoulder dystocia, malformation, neonatal hypoglycaemia, and infant respiratory 

distress syndrome for the newborn (25, 26).  Even after childbirth, having diabetic complications 

during pregnancy has known to increase the risk of developing type-2 diabetes and cardiovascular 

diseases in the future (16, 25, 26).   

 In order to better screen high-risk patients and prevent them from life-threatening 

outcomes, researches have tried to identify risk factors and pre-existing conditions that may be 

strongly associated with the development of hypertensive and diabetic complications.  Risk 

factors such as obesity, nulliparity, multiple gestations, history of preeclampsia in previous 

pregnancies, family history of preeclampsia, change of paternal gametes between pregnancies, 

and use of donor gametes have been known to be associated with preeclampsia (27-30), and pre-

existing medical conditions such as chronic hypertension, pre-gestational diabetes, renal diseases, 

vascular and connective tissue diseases, autoimmune diseases, and antiphospholipid antibody 

syndrome have also been found to be associated with preeclampsia (16).  Risk factors that have 

been identified for gestational diabetes are obesity, previous history of gestational diabetes, 
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family history of type-2 diabetes, ethnicity, history of polycystic ovary syndrome (PCOS), and 

maternal age (33).    

 Although results are not conclusive, some studies suggest that hypertensive 

complications of pregnancy may be a part of a spectrum of insulin resistance syndrome, as many 

risk factors for hypertensive and diabetic pregnancy complications are shared, and metabolic 

disorders that alter insulin resistance such as gestational diabetes, PCOS, and excessive weight 

gain during pregnancy are known to be associated with hypertensive pregnancy complications 

such as transient hypertension and preeclampsia (34-36).  Studies have also shown that patients 

with chronic hypertension may have a greater risk of gestational diabetes (37), and patients with 

hypertensive complications during pregnancy are more likely to have gestational diabetes 

compared to normotensive women (38).  

 The interconnectedness of risk factors makes it difficult for clinicians to understand how 

important the relative contributions of various risk factors are, and what role maternal age plays 

in increasing these risks since prevalence of chronic hypertension and diabetes increases with 

obesity and maternal age (39).  Whether maternal age itself or the underlying increase in other 

risk factors, such as obesity and gravidity, explains the observed increases in pregnancy 

complications remains unclear.  It is vital for health practitioners to understand how risk factors 

for hypertensive and diabetic complications change as mothers postpone childbearing, when there 

are combinations risk factors.  Few studies have focused on the relative importance of advanced 

maternal age as a risk factor compared to other risk factors of hypertensive and diabetic 

complications.  In part, this is due to the lack information on pre-existing medical conditions, 

obesity, gravidity, and infertility of the study population in previous studies.  There is also great 

inconsistency and ambiguity in previous studies with regards to their definition of outcomes, 

which makes interpretation of evidence across studies a challenging process.  

 Therefore, the purpose of this study is to investigate the effects of advanced maternal age 

in relation to other major risk factors of hypertensive and diabetic complications of pregnancy.  In 
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particular, this study will focus on transient hypertension, preeclampsia/eclampsia, and 

gestational diabetes as outcomes of interest, and study the effects of advanced maternal age in 

relation to other risk factors such as history of hypertensive and diabetic disorders, obesity, 

gravidity, and race.  

II. Methods 

 We conducted a retrospective cohort study using electronic medical records with linked 

Georgia Birth Certificate (BC) data to investigate the association between advanced maternal age 

(40 years old and over: AMA ≥40) and adverse hypertensive and diabetic pregnancy 

complications among a cohort of women over 35 years of age and older at time of their first 

prenatal visit.  We also compared AMA with other potential risk factors of hypertensive and 

diabetic complications to explore whether AMA plays a larger role in the development of these 

pregnancy complications compared to other risk factors. 

Hypotheses and objectives  

The main purpose of this study is to examine the effects of AMA (≥40 years old) on hypertensive 

and diabetic complications of pregnancy.  Two primary research questions will be addressed: 

Aim 1) 

The first aim is to examine whether there is an increased risk for the following hypertensive and 

diabetic complications among pregnant women of ages 40 and above, compared to women 

between ages 35 to 39 at the time of their first prenatal visit.  The effect of AMA on the following 

outcomes will be studied. 

Hypertensive complications during pregnancy 

1. Any hypertensive complications (chronic hypertension, transient hypertension, 

preeclampsia, and eclampsia) 

2. Chronic hypertension 
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3. Transient hypertension 

4. Preeclampsia / Eclampsia (includes mild preeclampsia, severe preeclampsia, and 

eclampsia) 

Diabetic complications during pregnancy 

1. Any diabetic complications (chronic diabetes mellitus and gestational diabetes) 

2. Chronic diabetes 

3. Gestational diabetes 

The null hypothesis is that there is no difference in the risk of developing each of the five 

hypertensive and diabetic complications in the AMA group compared to younger mothers. 

Aim 2)  

The second aim is to investigate the effects of AMA on adverse hypertensive and diabetic 

complications in relation to other risk factors such as obesity, gravidity, infertility, maternal race, 

marital status, maternal education, history of diabetic and hypertensive complications.  The null 

hypothesize is that the effects of AMA on the risk of hypertensive and diabetic complications are 

smaller than other potential risk. 

Data collection 
 
 We used Kaiser Permanente Georgia (KPGA) electronic health data of pregnant women 

receiving prenatal care in 12 Kaiser-affiliated Obstetrics and Gynaecology (OB/GYN) facilities: 

West Cobb Medical Center, Snellville Medical Office, Crescent Medical Center, Panola Medical 

Center, Glenlake Medical Center, Southwood Medical Center, TownPark Medical Center, 

Cumberland Medical Center, Cascade Medical Center, Gwinnett Medical Center, Eastside 

Medical Center, and Alpharetta Medical Center. 

 Pregnancy was defined as woman with a record of their first prenatal (FOB) visit and a 

pregnancy or delivery-related diagnosis or procedure within 9 months of the FOB (Table 2).  All 

KPGA Health Plan members who 1) were enrolled at any time (i.e., at least one day) between 
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January 1, 2005 and November 2012, 2) had an FOB visit between January 1, 2005 and August 

31, 2011 during or before their 12th week of pregnancy, and 3) were at least 35 years old at the 

time of their visit were enrolled in the study.  Women with singleton and multiple pregnancies, as 

well as nulliparous and multiparous women were included in the study. 

 Women with dates for their FOB visits, but without a pregnancy or delivery-related 

diagnosis or procedure within 9 months of the FOB were excluded from the study.   Women must 

be continuously enrolled in KPGA Health Plan from the date of the FOB through 10 months 

following the FOB to be included in the study.  Gaps in enrollment of up to 45 days each, and 

multiple gaps in enrollment of KPGA Health Plan were permitted as long as no single gap was 

more than 45 days. 

 Pregnancy start date was calculated as 280 days before the expected date of delivery 

(EDD).  EDD was recorded at the FOB visit, and if there were multiple EDDs record in the 

electronic medical records for a given FOB visit, the most recent EDD between FOB visit date 

and subsequent 60 days was used.  If a woman did not have an EDD, but had a last menstrual 

period (LMP) date, LMP recorded at the FOB was used to determine whether she fulfilled the 

12th week of pregnancy eligibility criterion.  If neither EDD nor LMP were available for the 

pregnancy of interest, the woman was excluded from the study.   

 Data of 2201 FOB visits was extracted.  From this dataset, a total of 34 FOB visits were 

deleted during the data cleaning process.  This included 17 FOB visits that had no information on 

the outcome of the pregnancy, and 17 FOB visits where the outcome of a following pregnancy 

was linked to a previous FOB date.  After any potential discrepancies were checked, the final 

cohort consisted of 2167 FOB visits from 1977 women.  BC data was linked to maternal data for 

women whose BC data was available through Georgia Department of Community Health.  This 

subset consisted of 1181 FOB visits from 1102 pregnant women.  Data extracted from BC data 

used in this study include parity, gravidity, maternal education, marital status, pre-existing 

hypertension, gestational hypertension, gestational diabetes and pre-pregnancy diabetes.  Dataset 
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with linked BC data (1181 FOB visits of 1102 pregnant women) was compared against the 

dataset without linked BC data (1977 women and 2167 FOB visits), to assess whether there were 

significant differences in the two datasets with regards to patient demographics, history of 

medical conditions, and pregnancy outcomes.  For women with multiple FOB visits, the earliest 

FOB visit between January 1, 2005 and August 31, 2011 was used to create a table for patient 

characteristics, but data from all pregnancies were used for the analysis.  Therefore, the final 

dataset consisted of 2167 FOB visits of 1977 women, but a subset data of 1181 FOB visits of 

1102 pregnant with linked BC data was used primarily in the analysis. 

 Women were categorized into two age groups according to their age at their FOB visits.  

The dataset without linked Georgia BC data had 431 FOB visits of 371 women who were 40 or 

older, and 1736 FOB visits of 1606 women who were between 35 and 39 at the time of their FOB 

visit.   The subset of this dataset with linked BC data consisted of 1003 FOB visits of 943 women 

in the AMA group, and 178 FOB visits of 159 women in the younger group. 

 One KPGA programmer pulled pre-existing medical conditions and disease outcomes 

from KPGA’s electronic medical records using ICD-9-CM codes.  All diagnoses made prior to 

FOB date were recorded as history or pre-existing conditions.  Diagnoses recorded at FOB or 

within10 months following FOB date were recorded as having occurred during pregnancy except 

for pre-existing or chronic hypertension diagnosis given during pregnancy (ICD-9-CM 642.2 or 

401-405). 

 Demographic information consisted of maternal age at FOB, gestational age of the fetus 

at FOB, maternal pre-pregnancy body mass index (BMI, kg/m2), obesity (BMI≥30), and maternal 

race.  Information regarding parity, gravidity, maternal education, and marital status were 

extracted through linked BC data.  Maternal pre-pregnancy BMI was calculated using the most 

recent weight and height measurements recorded up to one year before the FOB, or recorded at 

the FOB visit.  Calculated pre-pregnancy BMI was used to categorize women as obese if their 

BMI was 30 kg/m2 or greater, and not obese if they had a BMI of less than 30 kg/m2.  Maternal 
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race was categorized into four groups: 1) Black/African American, 2) White, 3) Asian, and 4) 

Other, which consisted of Native Hawaiian, Other Pacific Islander, American Indian/Alaska 

Native, multiracial, unknown, or unreported.  Maternal education was also categorized into four 

groups: 1) less than 8th grade education or completed some high school (without diploma), 2) 

high school graduate, obtained GED (General Educational Development), or some college-level 

education, 3) completed associate’s or bachelor' degree, and 4) completed a masters degree or 

doctorate degree. 

 Pre-existing medical conditions extracted from KPGA electronic medical records using 

ICD-9-CM codes included transient hypertension (ICD-9-CM 642.3), mild preeclampsia (ICD-9-

CM 642.4), severe preeclampsia (ICD-9-CM 642.5), eclampsia (ICD-9-CM 642.6), chronic 

hypertension (ICD-9-CM 642.2, 401-405), gestational diabetes (ICD-9-CM 648.8), Diabetes 

mellitus complicating pregnancy childbirth or the puerperium (ICD-9-CM 648.0), abnormal 

glucose tolerance test unrelated to pregnancy (ICD-9-CM 790.2), chronic diabetes (ICD-9-CM 

249-250), thyroid disorder complications during previous pregnancy (ICD-9-CM 648.1), 

depression (ICD-9-CM 296.2-296.36, 311), seizure disorders (ICD-9-CM 345), thyroid disorders 

(ICD-9-CM 240-246), autoimmune disorders (ICD-9-CM 555, 556, 710.0, 714), 

hypercoagulative disorders (ICD-9-CM 289.81, 289.82), deep vein thrombosis (ICD-9-CM 

453.2-453.9), pulmonary embolism (415.1), anemia in previous pregnancies (ICD-9-CM 648.2), 

infertility (includes ovarian dysfunction (ICD-9-CM 256), menopause (ICD-9-CM 627), or use of 

infertility-related drugs listed on Table 3), bacterial vaginosis (ICD-9-CM 616.1), candidiasis 

(ICD-9-CM 112.1), and urinary tract infection (ICD-9-CM 599.0).   

a. Hypertensive complications 

 For study outcomes, the following adverse pregnancy complications were studied: 

transient hypertension, mild preeclampsia, severe preeclampsia, eclampsia, and gestational 

diabetes.  Hypertensive diagnoses were made from a combination of seven diagnosis codes from 
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KPGA electronic medical records (hypertension code from ICD-9-CM 401-405, pre-existing 

hypertension code from ICD-9-CM 642.2, transient hypertension code from ICD-9-CM 642.3, 

preeclampsia/eclampsia superimposed on chronic hypertension code from ICD-9-CM 642.7, mild 

preeclampsia code from ICD-9-CM 642.4, severe preeclampsia code from ICD-9-CM 642.5, and 

eclampsia code from ICD-9-CM 642.6).  First, diagnoses codes from KPGA electronic medical 

records were used to categorize patients into various hypertensive outcomes.   

 Transient hypertension was defined as hypertension developing after 20 weeks of 

gestation, but resolving within 12 weeks, postpartum.  If hypertension (blood pressure ≥ 

140/90mmHg confirmed on two separate occasions) was present before 20 weeks of gestation or 

persisted more than 12 weeks postpartum, the patient was diagnosed as having chronic 

hypertension.  De novo hypertension beyond 20 weeks gestation with significant proteinuria was 

diagnosed as mild preeclampsia.  Severe preeclampsia was diagnosed if resting blood pressure of 

over 160mmHg systolic or 110mmHg diastolic blood pressure was observed on two separate 

occasions, or if proteinuria or signs for organ injury were observed.  Eclampsia was diagnosed 

when seizures developed in addition to preeclampsia, but may develop rapidly without signs of 

preeclampsia. 

 Diagnosis codes for hypertensive complications were cleaned in the following manner.  

Patients who had an ICD-9-CM code for chronic hypertension (ICD-9-CM 401-405) from KPGA 

data within the first 20 gestational weeks were left as having chronic hypertension (5 

observations).  However, mothers with chronic hypertension ICD-9-CM code entered after 20 

gestational weeks were categorized as transient hypertension, but not chronic hypertension (35 

observations).  Patients, who were diagnosed with transient hypertension within the first 20 

gestational weeks, were re-coded as having had chronic hypertension, and not transient 

hypertension (4 observations).  Therefore, if a patient had diagnosis codes for both chronic and 

transient hypertension, they were marked as chronic hypertension either of the two diagnosis 

dates was before 20 gestational weeks (12 observations).  If dates of diagnosis for both chronic 
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and transient hypertension were beyond 20 gestational weeks, the patient was marked as having 

transient hypertension, but not chronic hypertension (1 observation).  

 Additionally, patients were marked as having or not having mild preeclampsia or severe 

preeclampsia/eclampsia.  Patients who had transient hypertension and subsequently developed 

preeclampsia or severe preeclampsia were counted as having the more severe category 

(preeclampsia or eclampsia), and were excluded from the moderate category (transient 

hypertension).  

 After data for hypertensive outcomes were cleaned using the above method, they were 

compared against data from BC data to observe whether there were any inconsistencies in 

diagnosis codes between KPGA data and BC data.  Three codes for hypertensive complications 

from linked Georgia BC data (pre-pregnancy hypertension, gestational hypertension, and 

eclampsia) were compared against KPGA diagnoses.  There were 13 observations coded as 

transient hypertension by BC data, but as chronic hypertension according to KPGA data.  There 

were 16 observations coded as transient hypertension by BC data, but had preeclampsia or 

eclampsia according to KPGA data.  Overall, KPGA was completely inclusive of BC data, and 

323 observations did not have any hypertensive diagnostic codes according to BC data, but had 

some type of hypertensive diagnostic codes according to KPGA data.  Therefore, the three BC 

diagnostic codes (pre-pregnancy hypertension, gestational hypertension, and eclampsia) were not 

used. 

b. Diabetic complications 

 Diabetes-related diagnoses were made by a combination of four diagnosis codes from 

KPGA electronic medical records (diabetes diagnosis code from ICD-9-CM 249-250, abnormal 

glucose tolerance test code from ICD-9-CM 790.2, gestational diabetes code from ICD-9-CM 

648.8, diabetes mellitus complicating pregnancy childbirth or the puerperium code from ICD-9-

CM 648.0).  There were three codes for diabetic complications from linked BC data (diabetes, 
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pre-pregnancy diabetes, and gestational diabetes).  Screening for gestational diabetes was 

performed by giving 50-gram oral glucose 1-hr loading test on FOB visit for women who are at 

risk of gestational diabetes, and to all members between 24 to 26 gestational weeks regardless of 

their risk.  Women were defined as being at risk for gestational diabetes if they had any of the 

following risk factors: 1) history of gestational diabetes in previous pregnancies, 2) history of 

birth to a baby weighing more than 9lbs, 3) obese and young (age ≤ 25 years old), or 4) age 35 

and older.  Further diagnosis of gestational diabetes was done by 100-gram oral glucose 3-hour 

tolerance test.  The American Congress of Obstetricians and Gynecologists (2011) 

recommendations using Carpenter and Coustan serum glucose levels were used for diagnosing 

gestational diabetes (2 or more thresholds exceeded from fasting serum glucose level 95 mg/dL, 

1-hr serum glucose level 180mg/dL, 2hr level 155 mg/dL, or 3hr 140mg/dL).   

 Patients were diagnosed as chronic diabetes if they had either ICD-9-CM codes for 

diabetes mellitus (ICD-9-CM 249-250) or Diabetes mellitus complicating pregnancy childbirth or 

the puerperium (ICD-9-CM 648.0).  Patients diagnosed with diabetes (ICD-9-CM 249-250) prior 

to FOB date, but were diagnosed as having gestational diabetes during pregnancy (ICD-9-CM 

648.8) were included in the chronic diabetes category and excluded from gestational diabetes 

category.  If a patient had an ICD-9-CM code for abnormal glucose tolerance test during 

pregnancy (ICD-9-CM 790.2), they were categorized as having gestational diabetes.   

 KPGA diagnoses were compared against BC data to investigate whether there were any 

inconsistencies in diagnosis codes between KPGA data and BC data.  There were 5 observations 

that had chronic diabetes according to BC data but no history of diabetes in KPGA data, and 3 

observations that had gestational diabetes according to BC data but not diagnosed with 

gestational diabetes according to KPGA data.  There were 113 observations diagnosed with 

chronic diabetes according to KPGA data, but not in BC data, and 148 observations diagnosed 

with gestational diabetes according to KPGA data, but not in BC data.  There were a total of 25 

observations with inconsistent outcomes: 10 observations diagnosed with chronic diabetes 
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according to KPGA data, but diagnosed as gestational diabetes according to BC data, and 15 

observations diagnosed with gestational diabetes according to KPGA, but diagnosed as chronic 

diabetes according to BC data.  Because KPGA was more inclusive compared to BC data, 

diagnosis outcomes from KPGA data was used. 

 Preterm birth was diagnosed using information on gestational weeks from BC data, and 

was therefore only determined for pregnancies with linked BC data.  Preterm birth was defined as 

births occurring prior to completion of 37 gestational weeks.  Caesarean section (654.02-654.23, 

procedure code 74), spontaneous abortion (ICD-9-CM 634), induced abortion (ICD-9-CM 635), 

and other types of abortions including illegal abortion and unspecified abortion (ICD-9-CM 636, 

637), were obtained from KPGA medical records.  Abnormal pregnancy was defined as ectopic 

pregnancies, molar pregnancies, and other abnormal conceptions not resulting in birth (ICD-9-

CM 630, 631, 632, 633). 

 The protocol of this study was approved by the Institutional Review Boards of the 

corresponding institutions:  Kaiser Permanente, Piedmont Medical Center, Northside Medical 

Center, and Emory University.  None of the women were contacted or recruited for participation.  

Analyses were performed using SAS software, version 9.3 (SAS Institute Inc, Cary, NC).  All 

statistical tests were two-tailed, with significance level at 0.05.   

Data analysis  

 First, descriptive statistics for all mothers in the cohort were evaluated for continuous 

variables including maternal age at FOB visit (years), body mass index (BMI, kg/m2), and 

gestational age at FOB (weeks) using pooled two sample t-tests for evaluating mean differences 

between young age group and AMA group.  For categorical variables maternal race and obesity, 

differences in proportion were evaluated using χ2 test.  Additional descriptive analysis on marital 

status, maternal education, gravidity (previous pregnancies), and parity (previous births) was 
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conducted using χ2 tests.  Descriptive statistics were repeated for data on all pregnancies in the 

cohort.   

 Next, bivariate analysis was conducted for each pre-existing conditions or past medical 

history using χ2 test or Fischer’s exact test for all women.  Fischer’s exact test was used instead of 

χ2 test when expected cell count was below five.  This analysis was repeated for all pregnancies. 

 The crude relationships between pregnancy complications (transient hypertension, mild 

preeclampsia, severe preeclampsia or eclampsia, abnormal glucose tolerance, gestational 

diabetes, and other complications including anemia, thyroid disorders, and vaginal and urinary 

tract infections) and AMA were evaluated.  The younger age group (35-39) was used as the 

reference group for all analyses to compare the risk of outcomes in the AMA group.  Crude risk 

ratios (cRR), 95% confidence intervals (CI), χ2 test statistics, degrees of freedom, and p-values 

were calculated using log binomial regression and χ2 or Fischer’s exact tests. 

 Next, the adjusted relationships between pregnancy complications and AMA were 

assessed using log-binomial regression.  The regression adjusted for potential confounders and 

correlation among multiple pregnancies of the same women using generalized estimated 

equations approach with autoregressive correlation structure.  The choice of the correlation 

structure did not significantly alter effect estimates due to the small proportion of correlated data 

in this dataset.  If the model failed to converge, Poisson distribution was used instead of the 

binomial distribution to approximate the risk ratio.  If the model still failed to converge, less 

important variables were dropped from the model.  Adjusted risk ratios (aRR), 95% confidence 

intervals (CI), Score test, and p-values were reported. 

 Potential confounders considered included obesity, maternal race, marital status, 

gravidity, and history of infertility.  All potential confounders and interaction terms were included 

in the starting model.  Condition indexes greater than 30, and variance decomposition proportions 

greater than 0.5 were indicative of collinearity, and higher order variables were excluded from the 

model one by one until there was no collinearity problem in the model.  Interaction terms of the 
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variables in the model were considered using likelihood ratio tests.  Confounders were left in the 

final model if the risk ratio for the primary exposure variable changed more than 10% when that 

variable was excluded form the model, or if they were regarded as important confounders in 

previous literature. 

 Although pregnancy outcomes were not the primary focus of this study, major pregnancy 

outcomes of the entire cohort of 2167 pregnancies, including pregnancies without BC data, were 

compared across two age groups by obtaining crude risk ratios.  These outcomes included 

spontaneous abortion, induced abortion, other abnormal pregnancies not resulting in birth, 

cesarean sections among women who delivered live births, and preterm birth among women with 

BC data.   Fetal death was not investigated in this study due to lack of information regarding fetal 

outcomes from maternal KPGA medical records and BC data. 

 Crude association of potential risk factors/confounders and the following outcomes were 

evaluated using χ2 tests 1) any hypertensive complications (includes chronic hypertension, 

transient hypertension, preeclampsia, and eclampsia), 2) transient hypertension, 3) 

preeclampsia/eclampsia, 4) any diabetic complications (pre-existing diabetes mellitus and 

gestational diabetes) and 5) gestational diabetes.  Potential risk factors included obesity, maternal 

race, marital status, maternal education, history of infertility (ovarian dysfunction, menopause, or 

use of infertility-related drugs), history of hypertensive or diabetic disorders, concurrent 

hypertensive or diabetic complications, and history of thyroid, autoimmune, and hypercoagulative 

disorders.  Next, risk factors that appeared to be associated with the five outcomes were selected 

as variables to be added into the starting log-risk regression model.  Using all possible subsets 

approach, various regression models were compared in order to obtain the most unbiased, 

simplified model with the narrowest confidence interval.  Final model was checked for 

multicollearity.  QIC (Quasilikelihood under the Independence model Criterion) was evaluated.  

From the final model, estimated effect estimates for AMA were obtained, and compared against 

other risk factors. 



	
   52	
  

III. Results 

 This retrospective cohort study included a total of 2167 pregnancies from 1977 women, 

with the majority of the analysis performed among a subset of women (1181 pregnancies from 

1096 women) with linked Georgia BC data.  The demographic characteristics for 1096 women 

and for 1181 pregnancies by these women at the time of their FOB visit are shown in Table 1A 

and 1B.  The demographic characteristics for all 2167 pregnancies of 1969 women, including 

women with and without linked BC data, are shown in the Appendices (Appendix 1A, 1B).  The 

study population consisted of 1096 pregnant women between the ages 35 and 46 at the time of 

their FOB visit.  The younger reference group (ref) consisted of 939 (85.6%) women between the 

ages 35 and 39, with the mean age of 36.4 years old (SD±1.3), and the AMA group consisted of 

157 (14.3%) women who were 40 years and older, with a mean average of 41.2 years old (±1.5).  

The mean gestational age at FOB was 8.2 (±1.7) weeks for the younger group, and 8.7 (±1.7) 

weeks for the AMA group (p=0.01).  Of the 1017 women who had pre-pregnancy weight and 

height measurements, the mean pre-pregnancy BMI was 27.3 kg/m2 (±6.2), and 22.0%(n=241) 

were obese.  There were higher proportion of black and African American women in the 

advanced maternal group compared to the younger reference group (ref: 41.7%, AMA: 53.5%), 

but both groups had similar proportion of Asian women (ref: 11.4% Blacks, AMA: 8.9% Blacks).  

Although the proportion of unmarried women were higher in the advanced age group, the result 

was not statistically significant (𝜒! =3.09, p=0.079).  Among 1096 women with linked BC data, 

there were 834 women with previous pregnancies.  There were no significant differences in the 

level of education, previous pregnancies (gravidity), and previous births (parity) across the two 

age groups.   

 Tables 2A and 2B represent the distribution of pre-existing medical conditions and past 

medical history by maternal age groups for 1096 women in the study who had linked BC data 

(Table 2A), and for 1181 pregnancies in the study (Table 2B).  Data for all 2167 pregnancies of 

1969 women are shown in the Appendices (Appendix 2A, 2B).  The risk of having chronic 



	
   53	
  

hypertension was higher in the AMA group compared to the younger group (p<0.001), but there 

were no significant differences for history of chronic diabetes mellitus (p=0.72, Table 2A).  The 

proportion of women with history of infertility and bacterial vaginosis were higher in the AMA 

group compared to the younger age group.   

 Among 834 women in the study who have been pregnant prior to this study, pregnancy-

related histories were compared across age groups (Table 3).  There were no significant 

differences across age groups regarding the history of transient hypertension, 

preeclampsia/eclampsia, and gestational diabetes in previous pregnancies.  History of cesarean 

sections and abortion in previous pregnancies were also similar across age groups. 

 Risk of having any hypertensive complications including chronic hypertension, transient 

hypertension, mild preeclampsia, severe preeclampsia, or eclampsia was significantly higher 

among the AMA group (crude risk ratio [cRR], 1.51; 95% confidence interval [CI], 1.18-1.95), 

but this association was predominantly caused by higher risk of chronic hypertension among the 

AMA group (cRR, 1.95; 95%CI, 1.34-2.84, Table 4A).  Risk of transient hypertension (cRR, 

1.38; 95%CI, 0.77-2.46), and preeclampsia/eclampsia were not significantly different across the 

age groups (cRR, 1.10; 95%CI, 0.59-2.05).  For diabetic complications, risk of having any 

diabetic complications (chronic diabetes or gestational diabetes) did not differ by age groups 

(cRR, 0.96; 95%CI, 0.66-1.40).  Neither the risk of chronic diabetes (cRR, 0.89; 95% CI, 0.49-

1.61) nor gestational diabetes (cRR, 1.01; 95% CI, 0.64-1.60) was significantly higher in the 

AMA group.  The risk of anemia, bacterial vaginosis, candidiasis, and urinary tract infections 

were more elevated in the AMA group, but the differences were not statistically significant.  

Similar results were obtained when all 2167 pregnancies of 1969 women were used (Appendix 

3).   

 Results were similar when risk ratios were adjusted for maternal race, obesity, infertility, 

gravidity, marital status, and correlation among multiple pregnancy data from the same mother 

(Table 4B).  These covariates were confounders in at least one of the relationships between AMA 
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and pregnancy complications.  Risk of any hypertensive complication (adjusted risk ratio [aRR], 

1.55; 95%CI, 1.19-2.01) and chronic hypertension (aRR 2.05; 95%CI, 1.48-2.86), were 

significantly higher among AMA group but risk of transient hypertension (aRR, 1.07; 95%CI, 

0.51-2.22), mild preeclampsia (aRR 1.31; 95%CI, 0.61-2.81), severe preeclampsia/eclampsia 

(aRR 0.87; 95%CI, 0.26-2.86), chronic diabetes (aRR 0.74; 95%CI, 0.37-1.50), and gestational 

diabetes (aRR 0.97; 95%CI, 0.59-1.59) were not significantly different across the age groups. 

 The outcome of all pregnancies in the cohort is shown in Table 5.  Risk of spontaneous 

abortion was significantly higher among older mothers (cRR, 1.96; 95%CI 1.58-2.44), and risk of 

abnormal pregnancies such as molar and ectopic pregnancies were also higher for older mothers 

(cRR1.48; 95%CI 1.08-2.01).  In our cohort, risk of cesarean section did not differ across age 

groups among 1797 live births in the cohort of 2167 pregnancies (p=0.85). 

 A list of potential risk factors was assessed for their crude association with the three 

major outcomes of interest: any hypertensive complications during pregnancy (includes chronic 

hypertension, transient hypertension, preeclampsia, or eclampsia), transient hypertension, 

preeclampsia/eclampsia, any diabetic complications during pregnancy (chronic diabetes and 

gestational diabetes), and gestational diabetes (Tables 6-10).   

 AMA, obesity, maternal race, primigravida, and history of hypertensive complications in 

previous pregnancies (transient hypertension, preeclampsia, and eclampsia) were independently 

associated with any hypertensive complications during pregnancy (Table 6).  Black of African 

American maternal race was associated with higher risk of hypertensive complications (p<0.001), 

whereas Asian maternal race was associated with decreased risk (p=0.03). 

 Although the relationship was not statistically significant, mothers with history of 

hypercoagulative disorders, autoimmune disorders, and history of transient hypertension in 

previous pregnancies, had elevated risks for transient hypertension (Table 7).   

 For preeclampsia/eclampsia (Table 8), significant risk factors were obesity (p=0.03), 

maternal race (p=0.01), and marital status (p=0.002).  In particular, black race appeared to be 
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significantly associated with higher risk of preeclampsia/eclampsia compared to white race 

(p=0.014).  Unmarried mothers also had significantly higher risk of preeclampsia/eclampsia 

compared to married mothers (p=0.002).  History of chronic hypertension (p<0.001) and history 

of preeclampsia/eclampsia in previous pregnancies (p=0.003) were also associated with increased 

risk for preeclampsia/eclampsia.  

 Obesity, maternal race, maternal education, primigravida, history of chronic hypertension, 

and gestational diabetes were independently associated with diabetic complications during 

pregnancy (including chronic diabetes and gestational diabetes) (Table 9).  Both black and Asian 

maternal race were associated with higher risk. 

 For gestational diabetes (Table 10), being obese (p=0.004), primigravid (p=0.006), or of 

Asian race (p<0.001) were significantly associated with increased risk for gestational diabetes.  

History of gestational diabetes in previous pregnancies was also associated with gestational 

diabetes (p<0.001).  Graduate-level education such as completion of a master’s degree or a 

doctorate degree was significantly associated decreased risk of gestational diabetes (p=0.03).  

History of hypertensive disorders such as chronic hypertension, transient hypertension, and 

preeclampsia/eclampsia, did not appear to be associated with gestational diabetes. 

 Using potential confounders and risk factors from previous studies, log-Binomial 

regression model was constructed to estimate the risk ratios of the association between AMA and 

pregnancy complications (transient hypertension, preeclampsia/eclampsia, and gestational 

diabetes), adjusted for correlation among multiple pregnancies of the same women using 

autoregressive correlation structure.  When log-Binomial regression model did not converge, log-

Poisson regression was used to approximate the risk ratio. 

 Amongst the five regression models, AMA was a significant risk factor in only the log-

Poisson regression model for estimating the log risk of any hypertensive complications including 

chronic hypertension, transient hypertension, preeclampsia, and eclampsia.   
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 1) Log-Poisson regression model for any hypertensive complications 

 Log-Poisson regression model was fit for any hypertensive complications, which 

included chronic hypertension, transient hypertension, and preeclampsia/eclampsia.  The starting 

full model included AMA, history of chronic diabetes, obesity, primigravida, maternal race, 

infertility, and marital status.  Using all possible subsets approach, the best model with least 

variables and narrowest confidence interval included obesity, history of chronic diabetes, 

primigravida, and maternal race as confounders in the relationships between AMA and any 

hypertensive complications.  Infertility and marital status were dropped from the model without 

affecting the effect estimate of AMA by over 10%.  The final model did not have any collinearity 

problems, and QIC statistic for the model was 1353. 

 According to the final model, even after adjusting for obesity, history of diabetes 

mellitus, primigravida, and maternal race, AMA was significantly associated with any 

hypertensive complications during pregnancy (Score test: 8.93, p=0.003).  Obesity (Score test: 

31.67, p<0.001), history of diabetes mellitus (Score test: 3.79, p=0.05), primigravida (Score test: 

11.74, p=0.001), and Black race (Score test: 7.89, p=0.005) were significant risk factors for 

hypertensive complications (Table 11). 

 Data was stratified by white and black maternal race, in order to see whether AMA was a 

significant risk factor for both races.  Stratified regression models for estimating the log risk of 

any hypertensive complications were obtained for white and black maternal race (Table 12, 13).  

When two separate regression models were fit for predicting the risk of any hypertensive 

complications, AMA was a significant risk factor among blacks (p=0.005), but not among 

mothers of white race (p=0.103).  Primigravida (p=0.045) and obesity (p=0.001) were also 

significant risk factors for hypertensive complications among blacks, but obesity was the only 

significant risk factor for hypertensive complications in mothers of white maternal race 

(p<0.001). 
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 2) Log-Binomial regression model for transient hypertension 

 The starting full model for transient hypertension included AMA as primary exposure of 

interest, with obesity, history of diabetes mellitus, gravidity, maternal race, infertility, marital 

status, history of hypercoagulative disorders as potential confounders.  Interaction terms with 

AMA and other risk factors/confounders (obesity, any diabetic complications, gravidity, 

infertility, marital status, maternal education) were all insignificant and dropped from the model.  

Marital status was dropped from the model, as it did not change the beta coefficient for AMA by 

over 10%. 

 Therefore, AMA (Score test: 0.04, p=0.845) was not a significant risk factor for transient 

hypertension in the final model with obesity, history of diabetes mellitus, primigravida, maternal 

race, infertility, and history of hypercoagulative disorders as confounders (Table 14).  The final 

model did not have any collinearity problems, and QIC statistic for the model was 421. 

 3) Log-Poisson regression model for preeclampsia/eclampsia 

 The starting full model for preeclampsia/eclampsia included AMA as the primary 

exposure of interest, with obesity, primigravida, marital status, maternal race, infertility, history 

of diabetes mellitus, and history of chronic hypertension.  Using all possible subsets approach, 

obesity, primigravida, infertility, and history of diabetes mellitus were dropped from the model, 

dropping them did not change the effect estimate for AMA by over 10%.  Marital status, maternal 

race, and history of chronic hypertension were important confounders in the relationship between 

AMA and preeclampsia/eclampsia, and could not be dropped from the model. 

 Therefore, the final model contained AMA, history of chronic hypertension (HTN), 

marital status, and maternal race (Table 15).  The final model did not have any collinearity 

problems, and QIC statistic for the model was 502.  According to the final model, AMA was not 

a significant risk factor for preeclampsia/eclampsia.  Instead, having a history of chronic 

hypertension significantly increased the risk of preeclampsia/eclampsia when maternal age group, 
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marital status, and maternal race were adjusted for (p<0.001).  The risk of 

preeclampsia/eclampsia appeared to be lower among Asians compared to whites, but this 

difference was not statistically significant (p=0.09).  

 4) Log-Poisson regression model for any diabetic complications during pregnancy  

 Log-Poisson regression model for any diabetic complications during pregnancy, which 

included diabetes mellitus and gestational diabetes, was fit.  The starting model included AMA as 

the primary exposure of interest, obesity, primigravida, infertility, maternal education, marital 

status, maternal race, and history of chronic hypertension.  However, the model failed to converge 

until only AMA, obesity, and maternal race were left in the model.  Obesity and maternal race 

could not be dropped from the model as they changed the effect estimate for AMA by over 10%.  

The final model did not have any collinearity problems, and QIC statistic for the model was 1136.   

 In the final model, AMA did not significantly increase the risk of having any diabetic 

complications during pregnancy, when obesity and maternal race are adjusted for in the model 

(Table 16).  However, Asian maternal race (p=0.002) or other race (p<0.001) including American 

Indian, Alaskan Native, multiracial, or unknown race, were significantly associated with 

increased risk for any diabetic complications during pregnancy.  When data was further stratified 

by white and Asian maternal race, obesity remained a significant risk factor for whites (p=0.002, 

Table 17), but not among Asians (p=0.5587,  Table 18).   

 5) Log-Poisson regression model for gestational diabetes 

 The starting full model for gestational diabetes included AMA as the primary exposure of 

interest, with obesity, primigravida, infertility, maternal race, marital status, maternal education, 

and history of chronic hypertension as risk factors of interest.  History of infertility, marital status, 

maternal education, and history of chronic hypertension were dropped from the full model, as the 

model failed to converge when these variables were included in the model.  Obesity, 

primigravida, and maternal race were kept in the model, as they altered the effect estimate for 
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AMA by over 10%.  Therefore, the full model contained AMA, obesity, primigravida, and 

maternal race (Table 19).  The final model did not have any collinearity problems, and QIC 

statistic for the model was 749.   

 In the final model, AMA was not a significant risk factor for gestational diabetes when 

obesity, primigravida, and maternal race were adjusted for (p= 0.85).  However, obesity (p<0.01), 

primigravida (p<0.01), and Asian maternal race (p<0.001), were significantly associated with 

increased risk of gestational diabetes.    

IV. Discussion 

 The primary objective of this study was to assess whether women who become pregnant 

at an advanced age (40 years and above at the time of their first obstetrics/prenatal visit) were at a 

higher risk of hypertensive and diabetic complications during pregnancy compared to younger 

mothers (women between the ages 35 and 39 at the time of their first obstetrics/prenatal visit).  

Women of AMA had a two-fold risk of having chronic hypertension compared to the younger 

reference group, but AMA was not a significant risk factor for transient hypertension, 

preeclampsia/eclampsia, chronic diabetes, and gestational diabetes. 

 The secondary objective was to investigate whether AMA or other risk factors more fully 

explained the risk of hypertensive and diabetic complications.  For any hypertensive disorders 

during pregnancy, AMA remained a significant risk factor even after adjusting for obesity, 

gravidity, maternal race, and history of chronic diabetes.  This was consistent with studies by Koo 

et al. (40), where risk of chronic hypertension was significantly higher among women who were 

40 years and older compared to younger women (20-29 years old), and hypertensive 

complications (gestational hypertension, preeclampsia, eclampsia) were also significantly 

increased among women over 40 compared to younger women after adjusting for gravidity, 

parity, BMI, history of spontaneous abortion, history of in vitro fertilization, and pre-existing 
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medical conditions.  Obesity, black maternal race, and primigravida were also significant risk 

factors for hypertensive complications.   

 When analysis was stratified by white and black race, both AMA and obesity were found 

to be significant risk factors for hypertensive complications among blacks, but only obesity and 

not AMA was a significant risk factor for whites.  This may suggest that there are racial/ethnic 

differences in the effects of AMA on hypertensive outcomes, but further investigations are 

required to show this relationship. 

 For transient hypertension, neither AMA nor other risk factors (obesity, history of 

chronic diabetes, primigravida, maternal race, infertility, and history of hypercoagulative 

disorders) were significant risk factors.  This finding was similar to the study by Cleary-Goldman 

et al. (41) where risk of transient hypertension was not higher for AMA mothers, even after 

maternal race, parity, BMI, maternal education, marital status, smoking, pre-existing medical 

conditions, previous adverse pregnancy outcomes, and use of assisted conception were adjusted 

for.  This study outcome was similar to studies of Ludford et al. (42) and Cleary-Goldman et al. 

(41), where there was increase in risk of chronic hypertension for the AMA group, but there was 

no increase in risk of transient hypertension.  The prevalence of transient hypertension in this 

study (4.5% in the reference group and 5.1% in the AMA group) was also similar to findings of 

Cleary-Goldman et al. (41), which reported 4.7% prevalence of transient hypertension in the 

younger reference group (<35 years old) and 5.5% in the AMA group (≥40 years old and over).  

Two other population-based cohort studies also did not find significant association between AMA 

and transient hypertension (42, 43).  However, there are also other population-based studies (12, 

44, 45) and small cohort studies (46-48) that have found significant association between AMA 

and transient hypertension, and the association remains inconclusive. 

 AMA was also not a significant risk factor for mild preeclampsia or severe 

preeclampsia/eclampsia, after adjusting for history of chronic hypertension, marital status, and 

maternal race.  Although the relationship was not significant, risk of mild preeclampsia was 
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mildly elevated in the AMA group, whereas severe eclampsia and eclampsia were slightly 

elevated among younger mothers.  This was contrary to the findings by Jacobsson et al. (12) who 

found that mild preeclampsia was more likely to occur in the younger group (age 20 to 29) 

compared to the AMA group (age ≥45), and severe preeclampsia was more likely to occur in the 

advanced age group compared to the younger group after adjusting for parity, marital status, 

smoking status, history of malformation and maternal diseases, and multiple pregnancies.  There 

are two other studies that have investigated the effects of AMA separately for mild and severe 

preeclampsia, but contrary to findings in this study, both studies have found significant increase 

in risks for both mild and severe preeclampsia in the AMA group (49, 50). 

 In this study, unmarried marital status and history of chronic hypertension were 

significant risk factors for having either preeclampsia or eclampsia.  Obesity was a significantly 

associated with preeclampsia/eclampsia, but was dropped from the model as it was not a 

confounder when maternal race, history of chronic diabetes, and marital status were adjusted for 

in the regression model.  This was inconsistent with previous studies where obesity have been 

found to be an independent factor for preeclampsia, even when maternal age, parity, chronic 

hypertension were adjusted for (51).   

 The results of this study was consistent with findings by Cleary-Goldman et al. (41), 

where AMA of 35 and above did not significantly increase the risk of preeclampsia when 

maternal race, parity, BMI, education, marital status, smoking, and pre-existing medical 

conditions, previous adverse pregnancy outcome, and use of assisted conception were adjusted 

for in the model.  Study by Wang et al. (52) that used the same age categorization for AMA and 

reference group as this study also did not find significant association between AMA and 

preeclampsia.  Prevalence of preeclampsia and eclampsia in this study was also consistent with 

previous studies conducted in the US that had similar demographical characteristics (53, 54).  

 Contrary to findings in this study, there are many small cohort studies that have found 

AMA to be a significant risk factor for preeclampsia/eclampsia, few of these studies have 
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adjusted for potential confounders in their analysis.  One of these is a study by Bianco, et al. (9) 

that showed significant increase in risk for preeclampsia in the AMA group (age ≥40) compared 

to the reference group (age 20-29), even after adjusting for parity, pre-pregnancy weight, 

maternal race, tobacco use, and medical history, which included history of chronic hypertension, 

preeclampsia, and diabetes.  

 For any diabetic complications during pregnancy, maternal race was the most important 

risk factor compared to AMA.  AMA was also not a significant risk factor for gestational diabetes 

compared to obesity, maternal race, and primigravida.  Asians had a significantly higher risk of 

diabetic complications compared to whites, and when the cohort was stratified by white and 

Asian race, obesity was a significant risk factor among only whites, but not among Asians.  An 

interesting study by Hedderson et al. (55) showed that age-adjusted prevalence of gestational 

diabetes increased as BMI increased, but the association differed by ethnic/racial groups.  In this 

study, Asians had a higher risk of gestational diabetes even at low BMI-levels compared to other 

racial groups.  The decision to use BMI of 30 and over as cut-off value for obesity, may have 

caused obesity to become insignificant in the analysis for gestational diabetes among Asians.   

 Although prevalence of gestational diabetes differ by types of diagnostic criteria used at 

different times and in different regions across the world, gestational diabetes is known to affect 

roughly 1.7% to 11.6% of pregnancies in high-income countries (56), and the prevalence of 9.5% 

observed in this study was consistent with previous literature. 

 As studies on the association of insulin-resistance and hypertensive complications of 

pregnancy have shown (34-36), results of this study also showed that hypertensive and diabetic 

pregnancy complications share common risk factors such as obesity, maternal race, and history of 

chronic conditions.  Chronic diabetes was an important risk factor for hypertensive complications 

of pregnancy (p=0.05), but chronic hypertension did not appear to be an important risk factor for 

diabetic pregnancy complications. 
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Strengths 

 Few studies have investigated the effects of AMA in relation to other commonly known 

risk factors of hypertensive and diabetic pregnancy complications.  This study was able to 

investigate relative contribution AMA compared to other risk factors separately for any 

hypertensive complications during pregnancy, transient hypertension, preeclampsia/eclampsia, 

any diabetic complications, and gestational diabetes by modeling these outcomes separately and 

adjusting for potential confounders.  Another strength of this study lies in the availability of 

information on patient characteristics and pre-existing conditions that were obtained by KPGA 

medical records and BC data.  Additionally, the study population had large proportion of Blacks 

and Asians compared to other studies on AMA conducted in the US (41, 44, 47).  Adequacy of 

prenatal care was adjusted for in the study, since all women had to be enrolled in KPGA health 

plan throughout their pregnancy, in order to be enrolled in the study.  

Limitations 

 A major limitation of this study was the possibility of misclassification error due to the 

retrospective nature of the study.  Hypertensive history and complications were determined from 

seven ICD-9-CM codes from KPGA medical records, and diabetic history and complications 

were derived from four diagnosis codes from KPGA medical records.  The dates in which these 

codes were entered into patient medical records were used to determine whether the diagnosis 

was categorized as pre-existing or occurring during pregnancy.  For instance, when a patient had 

an ICD-9-CM code for transient hypertension during the first 20 weeks of pregnancy, they were 

re-categorized as having chronic hypertension since transient hypertension was defined as 

hypertension developing after 20 weeks of gestation.  As a consequence, misclassification could 

have occurred due to inconsistencies in the choice of ICD-9 codes entered in the clinical setting.   

 Another major limitation was the high proportion of women in the study without linked 

Georgia BC data.  Of the 1797 live births in a cohort of 2167 pregnancies, 34.3% (616 
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pregnancies) had missing BC data, and were excluded from the majority of analysis done in this 

study due to lack of information on gravidity, education, and marital status.  This also contributed 

to another limitation in this study, which was small sample size.  A larger sample size would have 

yielded narrower confidence intervals, which may have changed some of the study outcomes.  

Additionally, information on parity and gravidity were only available through BC data, which 

may have lacked accuracy. 

 Previous meta-analysis studies have found that assisted reproductive technology (ART) 

conceived pregnancies have higher risk of hypertensive complications (57).  In addition, women 

with PCOS have also been known to have higher risk of hypertensive complications during 

pregnancy even after accounting for use of ART, maternal age, obesity, parity, maternal 

education, cigarette use, and year of delivery (58).  In this study, women who have been 

diagnosed with ovary dysfunctions, menopause, or have had medication dispensing history of 

infertility-related drugs were categorized as having history of infertility.  Therefore, women of 

varying degrees of infertility were included among those with history of infertility, which may 

explain why infertility was not an important risk factor in our study.  Information on the use of 

artificial reproductive technologies (ART) or use of donated eggs for conception was not 

available in this study, but may have been important confounders during the analysis. 

 Lastly, this study lacked information on delivery logs and infant medical records, which 

limited the ability to evaluate delivery complications and fetal outcomes.  The study also lacked 

information on smoking status of mothers during pregnancy and use of ART for conception, 

which may have been important risk factors in this study. 

Future directions 

 Results of this study showed that while the risk of chronic hypertension was significantly 

higher among women of advanced age, other risk factors such as obesity, maternal race, 

gravidity, and medical history appeared to play a larger role in the development of preeclampsia, 
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eclampsia, and gestational diabetes.  Hypertensive and diabetic complications of pregnancy share 

common risk factors, but the strength of association of these risk factors may vary depending on 

the race/ethnicity of the mother.  Further studies are required to understand how different 

race/ethnicity groups have different risk profiles.  Based on this study, it is recommended that 

health professionals pay attention to not just one risk factor such as age, but to a combination of 

risk factors, keeping in mind that one risk factor may have different strengths of influence 

depending on the ethnic profile and its association with other risk factors. 
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