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ABSTRACT
Objectives: To investigate the association between
birth weight and blood pressure (BP) and to determine
the effect of body size change from birth to adulthood
on BP.
Design: A cross-sectional design to collect
retrospective data.
Participants: 1253 female nurses aged 35–65 years in
Hong Kong.
Main outcome measures: Birth weight, height,
weight, BP, waist circumference, demographics and
lifestyle factors were collected by a self-administered
questionnaire through mail survey. These self-reported
variables have been validated in a pilot study. The
conditional relative weight (CRW), which was calculated
as a residual of current weight regressed on birth
weight, was used to express higher or lower relative
weight gain from birth to adulthood.
Results: No significant linear association between
overall range of birth weight and BP was found. The
curve estimation showed a significant quadratic
curvilinear association (‘J’ shape). In the piecewise-
linear analysis, a significant inverse association between
birth weight z-scores and BP was observed in the birth
weight ≤3.1 kg group (systolic BP (SBP): coefficient
B=−1.73, 95% CI −3.17 to −0.30; diastolic BP (DBP):
B=−1.12, 95% CI −2.19 to −0.06). A positive but non-
significant association occurred in the birth weight
>3.1 kg group. Participants who belonged to the lowest
10% birth weight category but at the current top 10%
BMI group had higher BP than participants in other BMI
groups. The CRW z-score was positively associated with
BP (coefficient B: 4.18 for SBP and 2.87 for DBP).
Conclusions: Unlike most previous studies, we found
a ‘J’ shape association rather than a linear association
between birth weight and BP. Women with large
percentile crossing of body size from birth to adulthood
were more likely to have elevated BP. A higher weight gain
from birth to adulthood than expected led to higher BP.

INTRODUCTION
Early life environment plays an important role
in causing later susceptibility to many chronic

diseases.1 2 The importance of events before
birth on lifetime health has been confirmed in
many populations.3 One of the key findings
was that lower birth weight predicted higher
blood pressure (BP) in later life.4 5 Despite the
criticisms6 7 of publication bias, random error
or other methodology problems, many studies
have shown a linear inverse association
between birth weight and BP. They found that
a 1 kg increase in birth weight was associated
with a decrease of systolic BP (SBP) from
−0.21 to −6.4 mm Hg.5 8–18 However, many of
the effect estimates have wide CIs. The investi-
gators disagree in their conclusions concern-
ing whether this inverse association is real and
significant.
Current concepts of the mechanisms of

low birth weight leading to high BP
include19 20: (1) impaired development of
the endothelium; (2) increased sensitivity to
glucocorticoids; (3) reduced nephrogenesis

Strengths and limitations of this study

▪ This is the first study using curve estimation to
examine the relationship between birth weight
and adult blood pressure in the Hong Kong
Chinese adult population. We observed a quad-
ratic curvilinear association, which indicates that
not only the thinnest infants but also the biggest
infants may be susceptible to higher blood pres-
sure in later life. The common use of linear
regression between overall range of birth weight
and blood pressure in previous studies may
underestimate the true association.

▪ We used a cross-sectional design to collect
retrospective data, as well as the self-report mea-
sures, which may limit the precision of estimat-
ing the strength of association between birth
weight and blood pressure.

▪ The study sample is not representative of the
general population as the study participants were
nurses and the response rate to the mail survey
was low.
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with a higher threshold for pressure natriuresis and
greater susceptibility to progressive renal disease. All
those mechanisms are based on low birth weight, an
indicator of undernutrition during fetal programme.
However, in utero poor nutrition status may not be
applicable to normal and high birthweight babies; thus,
the reported linear inverse association of birth weight
with BP may not describe a precise relationship between
these two variables. Furthermore, evidence21 has shown
that higher birth weight leads to higher later life body
mass index (BMI), which in turn is associated with high
BP. It is therefore a paradox that high birth weight is
associated with low BP. In fact, some other studies found
a ‘J’ shape22 23 or ‘U’ shape24 pattern between birth
weight and BP, in which both ends of the distribution of
birth weight lead to high BP. Thus, it is important to
re-examine the strength and nature of the association
between birth weight and BP, by carefully examining the
effect of the different segments of birth weight, as well
as critically considering the relationship between birth
weight and concurrent body size. Furthermore, low birth
weight followed by ‘catch-up growth’ has been indicated
as an important risk factor for later diseases.25 Lucas
et al26 pointed out that postnatal body size change (post-
natal centile crossing) rather than fetal biology may play
a role on the development of later health outcomes.
Whether birth weight plays an independent role in
developing high BP in adult life, as well as the effect of
postnatal body size change on BP, need to be further
elucidated.
We report a study among a sample of Hong Kong

Chinese adult women, with the specific aims to deter-
mine whether a non-linear association between birth
weight and BP exists, and to address the effect of centile
crossing of body size from birth to adulthood on BP.

METHODS
Study design and sample
This study was integrated in a life course epidemiology
study named ‘Hong Kong Women’s Health Study
(HKWHS)’ in 2010. The HKWHS investigated the rela-
tionships between early life exposures (eg, birth weight,
physical activity in adolescence) and later life outcomes
(eg, adult obesity, hypertension) among female Chinese
nurses aged from 35 to 65 years. The study protocol was
approved by the Research Ethics Committee of the
Chinese University of Hong Kong. Hypertension was
one of the major outcomes in the HKWHS; the initial
sample size was then calculated based on the primary
statistical approach between the birth weight and hyper-
tension. We proposed to detect 20% fewer odds of
hypertension with a 1 unit increase in birth weight,27

with 80% power and at the 95% level of statistical signifi-
cance. After calculations, a required sample of 985
nurses was determined. The anticipated response rate
was 20%, and the expected missing questionnaire was
10%. Consequently, the total number of questionnaires

to be sent was calculated as: (985÷20%)÷(1–10%)=5472
(≈5500). The Association of Hong Kong Nursing Staff
(AHKNS) helped with the systematic sampling of 5500
eligible nurses from their membership database. Every
17 000÷5500≈3rd participant was selected from a sorted
name list of 17 000 eligible nurses, with the first partici-
pant chosen at random. A mail package was sent to the
selected nurses’ home address. The mail package
included a 4-double page questionnaire that consisted of
33 questions together with a cover page and an
informed consent form; a paper tape measure; an intro-
duction leaflet and a prepaid return envelope.28 All par-
ticipants returned a signed statement of informed
consent. After the first round mailing, the second round
mailing was conducted 3 months later with the non-
respondents. 975 valid questionnaires were received; the
response rate was 17.8% (excluding 13 undeliverable
packages). In order to increase the sample to the pro-
posed sample size (985), the third round mailing was
conducted, with an additional selection of 2820 nurses
from the AHKNS database by the system sampling tech-
nique. 278 valid questionnaires were received with a
response rate of 9.9% (excluded 5 undeliverable
packages). In total, there were 1253 participants.

Measurement
Birth weight, height, weight, BMI and waist circumference
Participants were asked to write down the exact value of
their birth weight on the questionnaire in either kilograms
or pounds. They reported their height in either centi-
metres or inches, their weight in either pounds or kilo-
grams. All data were converted to metric units (metres or
kilograms) for analysis. BMI was calculated as weight in
kilograms divided by the square of height in metres
(BMI=kg/m2). Using the WHO standard for Asian popula-
tions,21 obesity was defined as BMI ≥25 kg/m2 and over-
weight was defined as 23.0 kg/m2≤BMI<25.0 kg/m2. The
guideline for measuring waist circumference was printed
on the introduction leaflet. Waist circumference should be
measured at a level mid-way between the lower rib margin
and iliac crest with the tape all around the body in hori-
zontal position. Participants were encouraged to use the
complimentary paper tape measure to measure their waist
circumference.

Conditional relative weight
In order to estimate the separate contributions of birth
weight and change in weight from birth to adulthood to
BP, we used conditional relative weight (CRW) to
express the relative weight change from birth to adult-
hood that is uncorrelated with birth weight.29 CRW was
defined as the amount by which the weight at adulthood
exceeds that which would have been predicted at birth;
it was calculated as standardised residuals (z-score) by
regressing current weight on birth weight. A positive
value of CRW indicates gaining more in weight than
would be expected from a given birth weight.
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Blood pressure
Participants were asked to report the BP value based on
the most recent body check. In addition, if a sphygmo-
manometer was available, they were asked to measure
their BP at least twice, in person or by another profes-
sional person, and write down the mean BP on the ques-
tionnaire. Those taking antihypertension medicine at
the time of the questionnaire were asked to report the
BP value before medication started. For those partici-
pants with self-reported hypertension, their BP was veri-
fied by a later telephone contact. Hypertension was
defined as systolic BP (SBP) ≥140 mm Hg or diastolic
BP (DBP) ≥90 mm Hg by WHO standards.

Demographic characteristics, lifestyle factors and other
health information
Demographic characteristics included age, current
marital status, education level, occupation and who they
were residing with. Lifestyle factors included smoking,
drinking, salt intake during the past 5 years and physical
activity. Participants were also asked to provide informa-
tion on whether their birth was a premature or a twin
birth, their menopause status and family history of
hypertension.

Validating self-reported variables
Participants were asked to indicate their sources of birth
weight22: own memory, from parents, hospital record
card and other. The birthweight data from these three
sources were compared with each other. They were also
compared with data collected from previous studies in
Hong Kong. The validity of self-reported weight, height,
waist circumference and BP was examined by inviting
144 (11.5%) participants to have their body measure-
ments at the research centre. Face-to-face measurements
were taken by the research staff according to the stand-
ard protocols. Every participant was measured twice, and
the mean of two measurements was calculated. The
measured values were compared with their self-reported
values to assess the validity of these self-reported
measures.

Statistical analysis
To estimate the preliminary associations of birth weight
with BP, BMI and other variables, one way analysis of
variance or Pearson χ2 test or Fisher’s exact test was con-
ducted where appropriate. Curve estimation was used to
describe the association between birth weight and BP.
Stratified analysis was used to examine the BP levels
among different participant groups by different birth
weight and current BMI percentile status. Birth weight
and BMI were divided into four categories for each vari-
able, according to the percentile distribution: bottom
10%, 10–50%, 50–90%, top 10%. The mean of BP was
calculated by cross tabulation of each of the two vari-
ables’ percentile distributions. So there were 16 (4×4)
mean values of BP corresponding to 16 types of body
size change from birth to adulthood. Analysis of

covariance (ANCOVA) was used to examine the associ-
ation between body size change and BP. Finally, multiple
liner regression analysis was applied to investigate the
associations of birth weight and changes in weight from
birth to adulthood with BP. Age, height and waist cir-
cumference all had significant associations with BP and
birth weight; they were treated as potential confounders
and thereby adjusted in the regression models. Birth
weight was converted into z-score for analysis. The unex-
plained residual regression models29 were used to esti-
mate the strength and direction of the association. First,
the contribution of birth weight and CRW on BP was
examined by simple regression models (without adjust-
ment) respectively; second, covariates were adjusted in
each model; third, we included CRW and birth weight in
one model to see their total contributions on BP; finally,
the interaction between CRW and birth weight was
tested. SPSS V.20.0 was used for data analysis. Statistical
significance was defined as p value <0.05.

RESULTS
General characteristics of participants
Among 1253 participants, 1192 participants (95.1%)
reported birthweight information, while 1217 partici-
pants (97.1%) reported BP data. No significant differ-
ences of demographic characteristics were found
between participants who presented and those with
missing data on these two values (all p>0.05). The
missing values of other key variables including age,
gender, current weight, height and waist circumference
were all less than 2%. Most of the participants were
married (73.3%) and lived with their husband and chil-
dren (57%), while more than 70% had received high
education and 85% were employed as nurses. The preva-
lence of overweight/obesity and hypertension was 30.6%
and 10.6%, respectively. Birth weight ranged from 1.4 to
5.4 kg. Table 1 gives the characteristics of the partici-
pants and the differences between subgroups according
to birth weight. Since the mean and SD of birth weight
were 3 and 0.5 kg, the cut-off points of birth weight
groups were chosen to be 2.5, 3.0 and 3.5 kg.
Participants with a higher birth weight were more likely
to be taller and heavier; and those who were twins or
born prematurely tended to have lower birth weights
(table 1).

Validity of self-reported birth weight, anthropometric
variables and BP
In total 76.3% of the participants obtained information
on their birth weight from their parents, 21.5% from
their own memory and 2.2% from hospital records or
other sources. There was no difference in the mean
birth weights from these three different sources
(p>0.05).
The self-reported and measured anthropometry and

BP were highly correlated (correlation coefficients
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ranged from 0.72 to 0. 96). No significant differences
were found between self-reported and measured BP,
weight and BMI (all p>0.05), while height was overesti-
mated and waist circumference was underestimated at
an average of 0.42 and 2.33 cm, respectively (both
p<0.05). The self-reporting resulted in correct classifica-
tions of BMI, waist circumference and SBP in 85%, 78%
and 87% of nurses, with corresponding κ index values
of 0.79, 0.55 and 0.82, respectively. The respective sensi-
tivity and specificity were 84.6% and 95.7% for over-
weight/obesity detection, and 70.6% and 83.8% for
central adiposity detection. The results suggest that the
validity of self-reported variables in our study was gener-
ally acceptable.

Percentile stratified analyses of birth weight, BMI and BP
On average, the highest SBP and DBP were observed
among participants who belonged to the top 10% for
birth weight and current BMI (SBP: 131.2 mm Hg,
DBP: 81.7 mm Hg) (table 2). In each BMI percentile
strata, higher BP values were observed among the par-
ticipants in both ends of the birthweight percentile
strata (eg, in the 10–50% BMI strata, SBP: 115.4 and
115.0 vs 114.7 and 114.5). Furthermore, participants
who belonged to the lowest 10% at birth, but the top
10% for the current BMI, appeared to have higher SBP
and DBP values compared with all other current BMI
categories (SBP: 126.1 mm Hg; DBP: 78.6). ANCOVA
analysis showed significant associations of BMI with BP.
No significant interaction between birth weight and
BMI percentile on BP was observed, when controlled
for age, height and waist circumference (table 2
and figure 1).

Distribution curve of BP by birth weight
Lower mean BPs were observed in participants belong-
ing to the first three birthweight categories, while a
higher mean BP was observed in the >3.5 kg group
(table 1). A ‘J’ shape association between BP and birth
weight was noted. The curve estimation of this ‘J’ shape
relationship revealed a quadratic curve association with
the following equations (table 3 and figure 2):

SBP=130.487−12.388 (birth weight)+2.173 (birth weight)2

DBP=83.600−9.259 (birth weight)+1.570 (birth weight)2

The lowest SBP and DBP values occurred at an esti-
mated birth weight of around 3.1 kg.

Multiple linear regression analyses
No significant associations were found between the
overall range of birth weight and BP either in a simple
liner regression model or in an adjusted model (all
p>0.05). We then divided the birth weight into ≤3.1 and
>3.1 kg categories for piecewise regression analyses. It
showed a strong negative association between birth
weight and BP in the birth weight ≤3.1 kg group; this
association was only slightly attenuated after adjustment
for age, height and waist circumference (table 4). A one
SD increase in birth weight was associated with a
decrease in mean SBP and DBP of 1.73 and
1.12 mm Hg, respectively. However, in the birth weight
>3.1 kg group, the birth weight—BP associations became
positive (coefficient: 1.07 for SBP and 0.75 for DBP) but
statistically non-significant (all p>0.05) (table 4). The
CRW was positively associated with BP and enhanced
slightly after adjustment. A one SD increase in CRW was
associated with an increase in SBP and DBP of 4.18 and
2.87 mm Hg, respectively. In the combined models, the

Table 1 Participants’ characteristics according to birthweight (kg) groups*

N† Total

Birthweight groups

p Value‡<2.5 kg 2.5–2.9 kg 3.0–3.5 kg >3.5 kg

Age, years 1240 45.6 (7.6) 45.8 (8.0) 44.9 (7.7) 46.2 (7.2) 45.5 (7.6) 0.043

Height, cm 1244 158.4 (5.5) 156.3 (5.2) 158.1 (5.2) 158.9 (5.6) 159.6 (5.7) <0.001

Weight, kg 1243 55.1 (8.1) 52.5 (7.9) 54.0 (7.5) 56.0 (7.7) 57.7 (9.8) <0.001

BMI, kg/m2 1238 22.0 (3.0) 21.5 (3.1) 21.6 (2.8) 22.2 (2.9) 22.6 (3.8) 0.003

Waist circumference, cm 1230 75.3 (8.4) 74.3 (8.4) 74.8 (8.3) 75.6 (8.3) 77.0 (8.7) 0.033

Systolic blood pressure, mm Hg 1217 113.5 (13.4) 113.8 (14.2) 113.4 (13.8) 112.7 (12.7) 114.3 (12.9) 0.562

Diastolic blood pressure, mm Hg 1217 70.4 (9.9) 70.5 (10.3) 70.4 (10.1) 69.9 (9.3) 70.9 (10.3) 0.674

Premature§ 1252 54 (4.3) 29 (20.7) 14 (3.2) 10 (1.9) 0 (0) <0.001

Twin birth§ 1251 20 (1.6) 10 (7.1) 6 (1.4) 3 (0.6) 1 (0.7) <0.001

Physical activity, higher than

average§

1241 495 (39.9) 60 (43.2) 160 (37.4) 206 (39.9) 67 (44.7) 0.367

Smokers§ 1246 18 (1.4) 4 (2.9) 6 (1.4) 7 (1.4) 1 (0.7) 0.455

Drink alcohol§ 1239 81 (6.5) 4 (2.9) 28 (6.5) 37 (7.2) 12 (8.0) 0.268

Menopause§ 1234 363 (29.4) 39 (27.9) 116 (27.2) 156 (30.5) 49 (32.9) 0.510

Salt intake, ≥5 g per day§ 1229 412 (33.5) 49 (35.3) 145 (33.8) 163 (32.3) 55 (36.9) 0.730

Family history of hypertension§ 1245 798 (64.1) 95 (67.4) 294 (68.4) 313 (60.7) 95 (63.3) 0.081

*Results reported as mean (SD) or n (%) for each birthweight group where appropriate.
†N was the exact number of cases who had present value among the 1253 participants.
‡p Values generated from one way analysis of variance or Pearson χ2 test or Fisher’s exact test where appropriate.
§Variables were shown the number and per cent frequency that counted ‘Yes’ for each birth weight group.
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direction and strength of the birth weight—BP associa-
tions were similar, while the associations between CRW
and BP were attenuated in the birth weight ≤3.1 kg
group. No significant interaction between birth weight
and CRW on BP was found (all p>0.05). In addition,
further regression analysis showed a significant linear
association between BMI and birth weight with a 1 SD
increase in birth weight associated with an increase in
BMI of 0.32 m/kg2 (95% CI 0.15 to 0.50, p<0.001).

DISCUSSION
We examined the association between birth weight and
adult BP in a sample of Hong Kong Chinese adult
women. Unlike most previous studies, we found a ‘J’
shape association rather than a linear association
between the overall range of birth weight and BP.
Participants with a large percentile crossing of body size
from birth to adulthood were observed to have higher
BP compared with the other birth weight-BMI percentile

Table 2 Cross tabulation of mean blood pressure according to the percentile distributions of birth weight and BMI

BMI percentile Birthweight percentile N

Mean (SD)

Systolic blood pressure Diastolic blood pressure

Bottom 10% Bottom 10% 23 109.9 (13.6) 68.3 (8.7)

10–50% 49 109.7 (13.6) 66.5 (10.8)

50–90% 34 107.7 (9.3) 66.0 (7.0)

Top 10% 12 110.9 (17.7) 66.7 (12.6)

10–50% Bottom 10% 48 112.5 (14.5) 68.9 (10.4)

10–50% 211 109.4 (11.4) 67.9 (9.2)

50–90% 151 110.4 (11.1) 68.0 (8.2)

Top 10% 46 110.7 (8.3) 68.2 (8.8)

50–90% Bottom 10% 42 115.4 (14.1) 72.8 (11.4)

10–50% 176 114.7 (12.3) 71.3 (9.0)

50–90% 170 114.5 (13.6) 71.7 (10.2)

Top 10% 55 115.0 (9.7) 71.8 (8.4)

Top 10% Bottom 10% 12 126.1 (13.7) 78.6 (10.1)

10–50% 35 124.9 (17.5) 77.5 (11.2)

50–90% 45 122.7 (13.3) 74.7 (9.8)

Top 10% 17 131.2 (14.8) 81.7 (10.3)

p Value* Birthweight percentile 0.140 0.136

BMI percentile 0.000 0.000

Interaction: birth weight×BMI 0.718 0.748

*p Values generated from analysis of covariance analysis. Covariates in the models were age, height, waist circumference, current weight, salt
intake and family history of hypertension.

Figure 1 Mean blood pressure according to birthweight percentiles and body mass index percentiles.
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groups. A higher weight gain from birth to adulthood
than expected was associated with higher BP.
The curve estimation clearly showed a significant

quadratic curvilinear association between birth weight
and BP, with the BP rising towards the heavier end of
the birthweight spectrum. Further analysis by the piece-
wise linear models confirmed this ‘J’ shape association.
A large study22 of 25 874 participants also found a
reverse J-shape association between age-adjusted birth
weight and SBP; further adjustment for BMI removed
this curvilinear association in men, but it still existed in
women.22 A meta-analysis of 20 Nordic studies23 found
that among women, the stratum-specific regression coef-
ficient for birth weight of less than 4 kg showed a statis-
tically significant inverse association, while the
association became positive for birth weight higher than
4 kg, irrespective of whether adjustments were made for
the concurrent BMI. Our results are consistent with
these findings.
The reason for the J-shape pattern is not clear. We

speculate that the influencing factors to the left and
right sides of the J-distribution might differ. Placental
insufficiency, or inadequate maternal nutrition resulting
in intrauterine growth retardation, might occur on the
left side of the J-distribution, while the effect of
impaired maternal glucose tolerance or gestational dia-
betes resulting in larger babies occurs on the right side
of the curve.30 The birth weight-current weight relation-
ship might also play a role. When later BMI determined

in part by birth weight with a linear relationship, and
BMI and BP are linearly related, it implicitly assumes a
quadratic relation between birth weight and BP.29 On
the other hand, fetal hyperinsulinaemia and fetal hyper-
glycaemia caused by maternal overnutrition might lead
to excessive fat deposition during the third trimester.21

Increased birth weight was significantly associated with
increased fat-free mass, but not fat mass.31 Thus, the
associations that have been observed between high birth
weight and subsequent BMI could be a result of pro-
gramming by the intrauterine environment or of genetic
origin. This increased adiposity in fetal life may result in
later life obesity that can often lead to metabolic dis-
eases .21 Hence, in the heavier end of birthweight distri-
bution, the birth weight—current size—BP synergy
chain may lead to the increase of adult-life BP.
Percentile stratified analysis indicated that the BP

values varied with the percentile distribution of birth
weight and current BMI. Participants with low birth
weight but heavy current weight tended to have higher
BP. We noted that a large centile crossing of body size
from birth to later life may be a risk factor for elevated
BP. The ‘low birth weight but heavy current weight’
means gaining more weight than usual growth. A posi-
tive association between CRW and BP observed in our
study further confirmed this finding. In addition, an
overall highest mean BP was observed among partici-
pants who belonged to the top 10% weight at birth and
at present. This finding may imply that both the lowest

Table 3 Curve estimation of associations between birth weight and blood pressure

Quadratic equation

Model summary* Parameter estimates

F p Value Constant b1 b2

Systolic blood pressure—birth weight 3.458 0.032 130.487 −12.388 2.173

Diastolic blood pressure—birth weight 2.847 0.058 83.600 −9.259 1.570

*Analysis of variance polynomial analysis.

Figure 2 Curve estimation of birth weight with blood pressure.
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and the highest birth weight have an adverse impact on
later life BP, especially among the high BMI adults.
Hence, maintaining optimal body weight through the
life course is beneficial. In our study, the linear regres-
sion analysis corroborated the fetal origins hypothesis,26

whereby a significant inverse association between birth
weight and BP was found in the ≤3.1 kg birth weight
group. The lack of interaction between birth weight and
CRW possibly reflects a separate effect of prenatal and
postnatal growth on adult BP. The mechanism of low
birth weight leading to high BP is different from that of
excess weight gain on BP.32 33

Our study has several limitations. First, we used a cross-
sectional design method to collect longitudinal data.
Thus, no causal relation between exposures and out-
comes could be established. Second, the self-reported
measures may influence the precision of estimation.
However, we suggest that it would not overturn the find-
ings observed in our study because the validity test
showed a good accuracy of self-reporting. Similar to our
study, some previous longitudinal studies also collected
the data by participants’ self-reporting.22 24 34

Furthermore, the similarity of mean reported birth
weights from the different information sources suggested
that the recalled birth weight might be reasonably accept-
able. The participants’ ages ranged from 35 to 65 years,
their birth years ranging from 1945 to 1975. In a previous
Hong Kong study, 167 590 participants were born from
1984 to 1997,35 and the mean of birth weight in women
was 3.16±0.43 kg. A study36 compared the body growth of
two cohorts of Chinese infants born in Hong Kong
(Cohort I: infants born in 1967; Cohort II: infants born
in 1994) and found that the former cohort had a rela-
tively lower mean birth weight (mean of birth weight:
3.03±0.35 kg vs 3.23±0.24 kg). The researchers suggested
that growth faltering in early life is influenced by socio-
economic factors,36 and the more recent study had a
higher average level of birth weight. Our finding of a
mean birth weight similar to that reported for the 1967
cohort but lower than that for the 1984–1997 cohort sug-
gested that our reported birth weight was reasonably
acceptable.35 Moreover, since nurses are well educated
with professional health-related knowledge, it is reason-
able to believe that our study participants would report
information with reasonably high accuracy. The third
limitation is the low response rate, which may raise ques-
tions about the representativeness of the participants.
Some mail surveys conducted in other countries and
populations were able to achieve high response rates. We
suggest that the cultural sensitivity, local policies, study
topic, as well as the content, formatting and the length of
the questionnaire, may lead to different responses. The
apparent relevance, importance and interest of the
survey to the nurses may also affect their intentions to
respond. As data of the non-respondents were not avail-
able, we were not able to compare the participants’ back-
ground characteristics with those of the non-respondents.
However, even though there may be a selection bias in

T
a
b
le

4
M
u
lt
ip
le

lin
e
a
r
re
g
re
s
s
io
n
c
o
e
ff
ic
ie
n
ts

fo
r
a
d
u
lt
b
lo
o
d
p
re
s
s
u
re

(m
m

H
g
)
p
e
r
1
S
D

in
c
re
a
s
e
in

b
ir
th

w
e
ig
h
t
a
n
d
c
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t
(C

R
W
)
fr
o
m

b
ir
th

to

a
d
u
lt
h
o
o
d

S
im

p
le

m
o
d
e
ls
*

A
d
ju
s
te
d
m
o
d
e
ls
†

C
o
m
b
in
e
d
m
o
d
e
l
1
‡

C
o
m
b
in
e
d
m
o
d
e
l
2
§

β
(9
5
%

C
I)

p
V
a
lu
e

β
(9
5
%

C
I)

p
V
a
lu
e

Β
(9
5
%

C
I)

p
V
a
lu
e

β
(9
5
%

C
I)

p
V
a
lu
e

S
y
s
to
lic

b
lo
o
d
p
re
s
s
u
re

B
ir
th

w
e
ig
h
t
(≤

3
.1

k
g
)

−
1
.7
3
(−

3
.1
7
to

−
0
.3
0
)

0
.0
1
8

−
1
.5
2
(−

2
.9
5
to

−
0
.0
9
)

0
.0
3
7

−
1
.5
2
(−
2
.9
1
to

−
0
.1
4
)

0
.0
3
1

B
ir
th

w
e
ig
h
t
(>
3
.1

k
g
)

1
.0
7
(−

0
.5
5
to

2
.6
8
)

0
.1
9
4

0
.6
9
(−

0
.8
6
to

2
.2
3
)

0
.3
8
1

1
.2
7
(−
0
.2
3
to

2
.7
6
)

0
.0
9
6

C
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t¶

4
.1
8
(3
.4
5
to

4
.9
0
)

<
0
.0
0
1

4
.7
7
(3
.6
9
to

5
.8
6
)

<
0
.0
0
1

3
.7
4
(2
.7
8
to

4
.7
0
)

<
0
.0
0
1

4
.6
9
(3
.6
1
to

5
.7
7
)

<
0
.0
0
1

D
ia
s
to
lic

b
lo
o
d
p
re
s
s
s
u
re

B
ir
th

w
e
ig
h
t
(≤

3
.1

k
g
)

−
1
.1
2
(−

2
.1
9
to

−
0
.0
6
)

0
.0
3
8

−
0
.9
0
(−

1
.9
7
to

0
.1
7
)

0
.0
3
8

−
0
.9
7
(−
2
.0
0
to

0
.0
6
)

0
.0
6
6

B
ir
th

w
e
ig
h
t
(>
3
.1

k
g
)

0
.7
5
(−

0
.4
6
to

1
.9
7
)

0
.2
2
4

0
.6
6
(−

0
.5
0
to

1
.8
2
)

0
.2
6
1

0
.8
8
(−
0
.2
6
to

2
.0
2
)

0
.1
3
1

C
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t¶

2
.8
7
(2
.3
3
to

3
.4
2
)

<
0
.0
0
1

3
.1
1
(2
.2
9
to

3
.9
4
)

<
0
.0
0
1

2
.6
2
(1
.9
1
to

3
.3
4
)

<
0
.0
0
1

3
.1
8
(2
.3
5
to

4
.0
0
)

<
0
.0
0
1

*S
im

p
le

m
o
d
e
ls
:
b
lo
o
d
p
re
s
s
u
re

w
a
s
re
g
re
s
s
e
d
o
n
b
ir
th
w
e
ig
h
t
z
-s
c
o
re
s
a
n
d
c
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t
z
-s
c
o
re
s
,
re
s
p
e
c
ti
v
e
ly
,
w
it
h
o
u
t
a
d
ju
s
tm

e
n
t
fo
r
c
o
v
a
ri
a
te
s
.

†
A
d
ju
s
te
d
m
o
d
e
ls
:
b
lo
o
d
p
re
s
s
u
re

w
a
s
re
g
re
s
s
e
d
o
n
b
ir
th
w
e
ig
h
t
z
-s
c
o
re
s
a
n
d
c
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t
z
-s
c
o
re
s
,
re
s
p
e
c
ti
v
e
ly
,
a
d
ju
s
te
d
fo
r
a
g
e
,
h
e
ig
h
t
a
n
d
w
a
is
t
c
ir
c
u
m
fe
re
n
c
e
.

‡
C
o
m
b
in
e
d
m
o
d
e
l
1
:
in
c
lu
d
e
d
b
ir
th
w
e
ig
h
t
z
-s
c
o
re
s
a
n
d
c
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t
z
-s
c
o
re
s
in
to

o
n
e
re
g
re
s
s
io
n
m
o
d
e
l
in

b
ir
th

w
e
ig
h
t
≤
3
.1

k
g
g
ro
u
p
.

§
C
o
m
b
in
e
d
m
o
d
e
l
2
:
in
c
lu
d
e
d
b
ir
th
w
e
ig
h
t
z
-s
c
o
re
s
a
n
d
c
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t
z
-s
c
o
re
s
in
to

o
n
e
re
g
re
s
s
io
n
m
o
d
e
l
in

b
ir
th

w
e
ig
h
t
>
3
.1

k
g
g
ro
u
p
.

C
o
n
d
it
io
n
a
l
re
la
ti
v
e
w
e
ig
h
t
(z
-s
c
o
re
):
c
a
lc
u
la
te
d
a
s
a
re
s
id
u
a
l
o
f
c
u
rr
e
n
t
w
e
ig
h
t
re
g
re
s
s
e
d
o
n
b
ir
th

w
e
ig
h
t.
C
R
W
=
e
x
a
c
t
a
d
u
lt
w
e
ig
h
t−
e
x
p
e
c
te
d
a
d
u
lt
w
e
ig
h
t;
e
x
p
e
c
te
d
a
d
u
lt
w
e
ig
h
t=
a
+
b
×
b
ir
th

w
e
ig
h
t.

Xie YJ, et al. BMJ Open 2014;4:e005115. doi:10.1136/bmjopen-2014-005115 7

Open Access

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-005115 on 8 S

eptem
ber 2014. D

ow
nloaded from

 

http://bmjopen.bmj.com/


our study, we suggest that the nature of association is
unlikely to change because the sample size is adequate.
A small reduction in the population’s mean BP can

reduce the number of individuals at risk for hyperten-
sion.9 As birth weight reflects partly maternal nutrition
and maternal circumstances, it is the most commonly
used proxy for reflecting fetal growth.35 Even though low
birth weight has only small effects on the overall BP levels
in the general population, it still exerts substantial effects
on morbidity and mortality from cardiovascular diseases
in later years.37 Thus, promoting the health and nutrition
of women of reproductive age is important for the pre-
vention of cardiovascular diseases in the population. In
conclusion, we found a ‘J’ shape association between
birth weight and adult BP rather than the linear associ-
ation reported in many previous studies. We agree with a
previous study that, across the range of the inverse associ-
ation between birth weight and BP, the common use of
linear regression analysis may underestimate the true
association. We suggest that targeting an optimal birth
weight is beneficial in the promotion of cardiovascular
health as it seems that both very low or high birth weights
may predispose participants to higher BP in later life.
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