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ABSTRACT

Objective: We tested whether maternal hypertensive disorders in pregnancy predict age-related
change in cognitive ability in the offspring up to old age.

Methods: Using mothers’ blood pressure and urinary protein measurements from the maternity
clinics and birth hospitals, we defined normotensive or hypertensive pregnancies in mothers of
398 men, who participated in the Helsinki Birth Cohort 1934–1944 Study. The men underwent
the Finnish Defence Forces basic ability test twice: first during compulsory military service at age
20.1 (SD � 1.4) years and then in a retest at age 68.5 (SD � 2.9) years. The test yields a total
score and subscores for tests measuring verbal, arithmetic, and visuospatial reasoning.

Results: Men born after pregnancies complicated by a hypertensive disorder, compared with men
born after normotensive pregnancies, scored 4.36 (95% confidence interval, 1.17–7.55) points
lower on total cognitive ability at 68.5 years and displayed a greater decline in total cognitive
ability (2.88; 95% confidence interval, 0.07–5.06) after 20.1 years. Of the subscores, associa-
tions were strongest for arithmetic reasoning.

Conclusion: Maternal hypertensive disorders in pregnancy predict lower cognitive ability and
greater cognitive decline up to old age. A propensity to lower cognitive ability and decline up to old
age may have prenatal origins. Neurology® 2012;79:1578–1582

GLOSSARY
CHD � coronary heart disease; HBCS � Helsinki Birth Cohort Study.

Increased risk of lower cognitive ability may have its origin in a suboptimal prenatal environ-
ment, as reflected in smaller body size at birth or shorter length of gestation.1 Hypertensive
disorders, including chronic hypertension, gestational hypertension, and (pre)eclampsia, com-
plicate approximately 10% of all pregnancies2 and affect the fetal developmental milieu. These
disorders may thus point to mechanisms by which prenatal adversity associates with lower
cognitive ability in subsequent life. We have previously reported that men born after pregnan-
cies complicated by hypertensive disorders, in comparison with men born after normotensive
pregnancies, score lower on cognitive ability at the average age of 20 years.3 Here we test
whether the effects of hypertensive disorders in pregnancy on cognitive ability persist into old
age among these men retested at the age of 65 to 76 years and predict age-related change in
cognitive ability after age 20 years.
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METHODS Participants. The Helsinki Birth Cohort Study
(HBCS) comprises 13,345 participants—6,975 men and 6,370
women—who were born as singletons between 1934 and 1944
in 1 of the 2 public maternity hospitals in Helsinki.4 Eligible
participants were still living in Finland in 1971, when a unique

personal identification number was allocated to each member of
the Finnish population.

A subsample (n � 931) of the 6,975 men underwent testing
of cognitive ability twice: first during compulsory military ser-
vice at an average age of 20.1 years (SD � 1.4; range � 17.0–

Table 1 Characteristics of the sample according to mothers’ hypertensive disorder during pregnancy

Characteristic

Normotension
(n � 252),
mean (SD) or n (%)

Hypertensive
disorders (n � 146),
mean (SD) or n (%)

Value

t �2 p

Maternal

Hypertensive disorders

Chronic and gestational hypertension 131 (33%)

Severe and moderate hypertension
with proteinuria

15 (4%)

Age at delivery, y 28.0 (5.0) 29.5 (5.9) �2.8 0.005

Body mass index before delivery, kg/cm2 26.3 (2.9) 27.3 (3.3) �2.9 0.004

Parity, % 0.2 0.64

Primipara 127 (50%) 70 (48%)

Multipara 125 (50%) 76 (52%)

Offspring

At birth

Length of gestation, d 277.6 (10.4) 275.6 (12.3) 1.7 0.09

Prematurity: 30�0 to 36�6 wk, % 14 (6%) 13 (9%) 1.6 0.20

Birthweight, g 3,503.4 (458.2) 3,387.0 (534.4) 2.3 0.02

Low birthweight: <2,500 g 6 (2%) 8 (5%) 2.6 0.11

Head circumference, cm 35.4 (1.6) 35.3 (1.5) 0.2 0.82

Year of birth 1.9 0.17

1934–1939 83 (33%) 58 (40%)

1940–1944 169 (67%) 88 (60%)

Father’s occupation in subject’s childhood 1.9 0.39

Manual worker 154 (61%) 93 (64%)

Junior clerical 66 (26%) 41 (28%)

Senior clerical 32 (13%) 12 (8%)

At 20.1 y

Age 20.3 (1.7) 20.0 (1.3) 2.2 0.03

Cognitive ability total scorea 27.6 (6.6) 26.8 (6.4) 1.2 0.25

At 68.5 y

Highest achieved level of education 6.3 0.10

Basic or less or unknown 61 (24%) 52 (36%)

Upper secondary 70 (28%) 35 (24%)

Lower tertiary (polytechnic, vocational,
Bachelor’s)

72 (29%) 38 (26%)

Upper tertiary (Master’s or higher) 49 (19%) 21 (14%)

Age, y 68.4 (3.0) 68.8 (2.8) �1.3 0.20

Height, cm 174.7 (6.0) 175.1 (6.2) �0.6 0.57

Cognitive ability, total scorea 27.5 (5.8) 26.0 (6.1) 2.4 0.02

Blood pressure medication 51 (20.2%) 31 (21.2%) 0.06 0.81

Hospitalization for CHD 21 (8%) 22 (15%) 4.4 0.04

Hospitalization for stroke 11 (4%) 7 (5%) 0.0 0.84

Abbreviation: CHD � chronic heart disease.
a Raw cognitive ability test scores (0–40 points).
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28.1) and then on average 47.7 (SD � 2.9; range � 38.9–54.7)
years later.

A total of 398 of them also had data from medical records on
maternal blood pressure and urinary protein tests during pregnancy
to diagnose hypertensive disorders and were born preterm or term.
Figure e-1 on the Neurology® Web site at www.neurology.org shows
the selection of the participants from the original sample. None of
the mothers of these participants had only blood pressure or only
urinary protein tests recorded.

The included (n � 398) men had 6.5% more often clerical
fathers than men who had maternal blood pressure and urinary pro-
tein tests recorded and were born preterm or term but had partici-
pated in the cognitive testing at age 20.1 years only (n � 798 of
1,196) (p � 0.03). These groups had similar maternal age, weight,
and height at delivery, birthweight, and parity. When compared
with men who were excluded on the basis of not having maternal
blood pressure and urinary protein tests recorded and had missing,
implausible, or post-term length of gestation (n � 533 of 931), the
included men had 7% more often manual worker fathers and had a
0.2-kg lower birthweight (p � 0.01) but had similar maternal age,
weight, and height at delivery and similar parity.

Standard protocol approvals, registrations, and patient
consents. The Coordinating Ethics Committee of the Helsinki
and Uusimaa Hospital District approved the study. The Finnish

Defence Command gave permission for data linkage. All study
participants signed a written informed consent.

Measures. Hypertensive disorders in pregnancy. For identi-
fying hypertensive pregnancy disorders, we used mothers’ blood
pressure and urinary protein measurements recorded at antenatal
clinics or at the birth hospital.3,5 We defined 2 groups of mothers: 1)
normotensive mothers attaining neither systolic pressure of 140 mm
Hg nor diastolic pressure of 90 mm Hg during pregnancy; 2) moth-
ers with hypertensive disorder in pregnancy, including mothers with
systolic blood pressure �140 mm Hg or diastolic blood pressure

�90 mm Hg, with or without proteinuria.

Confounders and covariates. These included length of ges-
tation (based upon date of last menstruation), weight (g) and
head circumference (cm) at birth, mother’s age (years) and body
mass index (kg/m2) at delivery, parity (primiparous or multipa-
rous), and fathers’ occupation status in childhood (manual worker/
junior clerical/senior clerical), extracted from birth, child welfare
clinic, and school health care records; highest own attained level
of education (basic or less/upper secondary/lower tertiary/upper
tertiary) since 1970, obtained from Statistics Finland; diagnoses
of stroke and coronary heart disease (CHD) since 1969, ob-
tained from the Finnish Hospital Discharge Register; blood pres-
sure medication, obtained from the national register of people

Table 2 Cognitive ability at the ages of 20.1 and 68.5 years in the offspring who were born after normotensive pregnancies (n � 252) and
pregnancies complicated by hypertensive disorders (n � 146)

Model

Normotension Hypertensive disorders Normotension (referent) vs hypertensive disorders

Meana at 20.1 y
(95% CI)

Meana at 68.5 y
(95% CI)

Meana at 20.1 y
(95% CI)

Meana at 68.5 y
(95% CI)

MDb at 68.5 y
(95% CI) p

MDb,c of change
(95% CI) p

Unadjustedd

Verbal 28.45 31.36 27.64 30.26 �2.67 0.80 �1.54 0.19

(27.47 to 29.44) (30.56 to 32.16) (26.35 to 28.94) (29.21 to 31.31) (�5.67 to 0.33) (�3.85 to 0.77)

Visuospatial 25.64 23.43 25.70 22.52 �2.62 0.08 �2.70 0.03

(24.94 to 26.34) (22.81 to 24.05) (24.78 to 26.62) (21.70 to 23.34) (�5.60 to 0.35) (�5.17 to �0.23)

Arithmetic 28.61 27.76 27.00 25.31 �4.27 0.006 �2.30 0.03

(27.50 to 29.71) (26.59 to 28.94) (25.55 to 28.45) (23.76 to 26.86) (�7.28 to �1.25) (�4.43 to �0.18)

Total 27.57 27.52 26.78 26.03 �3.71 0.01 �2.23 0.03

(26.76 to 28.38) (26.79 to 28.25) (25.72 to 27.85) (25.07 to 26.99) (�6.67 to �0.74) (�4.24 to �0.22)

Adjustedd,e

Verbal 29.48 32.03 28.87 30.68 �3.35 0.04e �2.32 0.07

(28.15 to 30.81) (30.96 to 33.09) (27.24 to 30.50) (29.38 to 31.98) (�6.54 to �0.17) (�4.79 to 0.16)

Visuospatial 26.36 23.51 26.47 22.53 �2.83 0.09 �2.64 0.06

(25.41 to 27.30) (22.63 to 24.39) (25.31 to 27.63) (21.45 to 23.60) (�6.15 to 0.49) (�5.37 to 0.10)

Arithmetic 29.30 28.20 27.97 25.14 �4.91 0.003 �3.14 0.009

(27.85 to 30.75) (26.60 to 29.80) (26.19 to 29.74) (23.18 to 27.10) (�8.17 to �1.65) (�5.51 to �0.77)

Total 28.38 27.91 27.77 26.11 �4.36 0.008 �2.88 0.01

(27.31 to 29.45) (26.92 to 28.91) (26.46 to 29.08) (24.90 to 27.33) (�7.55 to �1.17) (�5.06 to �0.70)

Abbreviation: CI � confidence interval.
a Mean level of cognitive ability in raw test scores (0–40 points).
b Mean difference in standardized cognitive ability test scores (mean � 100; SD � 15).
c Change is modeled in a linear regression analysis where cognitive ability at age 68 years is predicted by cognitive ability at age 20 years.
d The adjusted model refers to adjustments made for length of gestation, weight and head circumference at birth, father’s occupational status in childhood,
parity, mother’s age and body mass index at delivery, age at testing cognitive ability at 20 years, time interval between tests of cognitive ability from 20 to
68 years, height at testing of cognitive ability in late adulthood, and blood pressure medication.
e A further model adjusted as in footnote d, above, plus highest own achieved level of education and diagnoses of stroke and coronary heart disease. The
marked associations were rendered nonsignificant. Unmarked associations remained as in the adjusted model in footnote d.
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receiving reimbursement from the state for the costs of their
medication; height at second testing and age at first and second
testing of cognitive ability, and time interval between the 2
testings.

Cognitive ability. The ability test scores were obtained from
the Finnish Defence Forces basic ability test. The group-
administered ability test battery is composed of verbal, arithme-
tic, and visuospatial reasoning subtests, each consisting of 40
timed multiple-choice questions. In the verbal reasoning subtest,
the subject chooses synonyms, antonyms, or words belonging or
not belonging to the same category as given words, and similar
relationships between 2 word pairs. In the arithmetic reasoning
subtest, the subject completes series of numbers, solves short
problems, computes simple arithmetic operations, and chooses
similar relationships between 2 pairs of numbers. The visuospa-
tial reasoning subtest comprises a set of matrices containing a
pattern problem with 1 part removed, and the subject has to
decide which figure completes the matrix: it is analogous to
widely used Raven’s Progressive Matrices. Correct answers are
summed, and the arithmetic mean of the 3 subtests reflects gen-
eral ability and logical thinking. The test battery and its psycho-
metric properties are described in detail elsewhere.1,3,6

Statistical analysis. Rank order stability and mean-level
change in cognitive ability were investigated by linear regression
analyses and paired t tests, respectively. The cognitive ability test
scores were standardized (mean of 100 and SD of 15) for multi-
ple linear regression analyses targeting the main study questions:
Do maternal hypertensive disorders in pregnancy predict cogni-
tive ability at age 68.5 years and age-related change in cognitive
ability after age 20.1 years? Change was modeled in analyses
where cognitive ability at age 68.5 years was used as the outcome
and cognitive ability at age 20.1 years as the predictor.7 Interac-
tions by “prematurity/parity/father’s occupational status � hy-
pertensive disorders in pregnancy” tested moderation by these
factors.

RESULTS Table 1 shows characteristics of the sam-
ple. Table e-1 shows the rank-order stability and
mean level change of cognitive ability from 20.1 to
68.5 years. After adjustment for age at first cognitive
ability test and time interval between the 2 tests, the
total cognitive ability showed high rank-order stabil-
ity (standardized regression coefficient � 0.75; p �
0.001); the average age-related change was �0.31
(SD � 4.82; range � �18.0 to 22.7; p � 0.20) raw
total test score points; and 54.8% of the sample dis-
played a decline in total cognitive ability since age
20.1 years.

Table 2 shows that men born after pregnancies
complicated by hypertensive disorders, compared
with men born after normotensive pregnancies,
scored lower on arithmetic and total cognitive ability
at 68.5 years (p values in unadjusted and adjusted
models �0.05) (table 2). They also displayed a
greater decline in arithmetic and total cognitive abil-
ity after age 20.1 years (table 2).

Prematurity/parity/father’s occupational status
did not moderate these associations (p � 0.10 for
interactions).

DISCUSSION We found that men who were born
after pregnancies complicated by a hypertensive dis-
order, compared with men born after normotensive
pregnancies, scored lower on tests measuring arith-
metic reasoning and total cognitive ability in old age.
They also displayed a greater decline in arithmetic
reasoning and total cognitive ability after young
adulthood. The associations were not confounded by
factors that may increase the risk of hypertensive dis-
orders or poorer cognitive ability.3 The associations
were not explained on the highest own achieved level
of education in adulthood or by having had a stroke
or CHD.

We are unaware of any previous studies testing
whether maternal hypertensive disorders are associ-
ated with cognitive ability in old age and decline in
cognitive ability after young adulthood. Our findings
thus contribute significantly to the literature on cog-
nitive aging and suggest that a propensity toward
lower cognitive ability has its origins in the prenatal
period, when the majority of the development of
brain structure and function occurs. Our results may
also offer mechanistic insight into why short length
of gestation and small body size at birth are linked
with lower cognitive ability, as hypertensive disorders
are among the key reasons for prematurity and intra-
uterine growth restriction.

The possible factors underlying the associations
between hypertensive disorders and long-term neu-
rodevelopmental consequences may relate to placen-
tal implantation and hence less placental perfusion,8

glucocorticoid metabolism,9 inflammatory mecha-
nisms,10 and genetic and epigenetic mechanisms.

Generalization of the findings is limited to men.
Loss of follow-up over time may introduce a bias, as
our findings may apply only to the healthiest men
who have survived to old age. Moreover, our data did
not allow us to require 2 elevated blood pressure
measurements to establish a diagnosis.11 Conse-
quently, the cumulative incidence of hypertensive
disorders was higher than that reported in the litera-
ture. These limitations undermine rather than in-
crease our ability to detect associations.

Hypertensive disorders in pregnancy predict
lower cognitive ability and greater cognitive decline
over decades in the adult offspring. A propensity to
lower cognitive ability and greater cognitive decline
may have its origins in fetal life.
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