Birth weight as a correlate of blood pressure in spouses
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ABSTRACT
Background: Lifestyle and uterine growth retardation are considered risk factors of high blood pressure. This study alternatively addressed the association between low birth weight and blood pressure in adult life by comparing spouses and adjusting for confounding by lifestyle and norms in adult life.

Methods: A matched cross-sectional study with historical data on birth weight from archived midwife records. Totally, 472 co-habiting couples of opposite sex, aged 50 to 65 years, and all born in Denmark were included. The spouses were recruited through the Danish Diet, Cancer, and Health Study, providing measurements of blood pressure and total serum-cholesterol.
Results: Birth weight was negatively correlated with blood pressure within the couples, and the hypothesis withstood comprehensive confounder control. Unexpectedly, data also displayed a positive correlation between blood pressure of one spouse and birth weight of the other. 
Conclusions: Be careful.
INTRODUCTION
The programming hypothesis states that fetal growth impairment may lead to susceptibility to cardiovascular diseases, due partly to insulin resistance and underdevelopment of organs such as the kidneys.1 Evidence suggests that low birth weight is correlated with cardiovascular risk factors such as high adult blood pressure,1-11 but the effect is relatively small and even non-existing in some studies.12-16 The association could furthermore be confounded by social conditions or lifestyle factors. Forsdahl 17-18 suggested that social conditions during pregnancy correlate with low birth weight, and poor social conditions may continue into adulthood.  

Our objective was to adjust for adult social conditions by studying spouses. We recruited married couples from a generation when couples usually stayed together in lifelong relationships. We presumed that the matching of spouses would permit an adjustment for adult social conditions in a broad sense, including contextual conditions of social life, cultural and behavioural factors related to social networks, community norms, and so on. We put to a critical test whether the link between birth weight and adult blood pressure persisted in a comparison of spouses.
METHODS
Data

We identified co-habiting males and females by means of linking population registers with the Danish cohort study Diet, Cancer and Health.19 These population registers contain among other data information on the hospital and the parish where the birth took place. The sample included 1000 couples aged 50 to 65 years of age, who lived together at the same address and who both were born in Mid- and North Jutland. 

Using the place and date of birth, and the participant names, including maiden names as identifiers, we located their birth record in the regional Viborg State Archive. The archive stores the handwritten records for each birth in consecutive order filled out by the midwife shortly after the delivery. All records are identifiable by the names of the parents. The midwives noted the birth weight, markers of pre-maturity, and a few other birth characteristics. 

The midwives who had worked in the parish in question at that time were identified. We went consecutively through the delivery records of each midwife. If we could match by one surname (maiden name) and place of birth, we considered the birth as identified. We excluded the births if the midwives had more than one delivery per day with mothers with the same surname. If we could not identify the birth record for both partners in a couple, the couple was excluded from further analysis. All midwife protocol information was double-checked by different study assistants. 

We then extracted data on systolic and diastolic blood pressure (SBP and DBP) and total serum-cholesterol (TSC) from the health examination of our recruits during 1993-97, which was part of the participation procedure for the study Diet, Cancer and Health. Data on social factors, physical activity, body mass index, smoking and drinking habits, and dietary profiles were obtained from questionnaires filled in at the time of recruitment.

Statistical analysis
Data were analyzed in a mixed model of two linear regression equations allowing for dependence between measurements from spouses.20 Let SBP be an arbitrary choice among our outcomes. We focus on the model for husband and wife regarding SBP and birth weight (BW):  
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The fraction of the total variation explained by variation between couples is measured by the intra-class correlation
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For simplicity, we omitted potential confounders such as current age, diet, education, etc. from the model formula. These data can be added to the regression models for each gender respectively. Body mass index (BMI) was included as a categorical variable (<25 kg/m2, 25-29 kg/m2, 30+ kg/m2) plus interaction terms by gender. Age was divided in 2-year categories to minimize residual confounding. The preterm-variable was dichotomous (preterm delivery, at term delivery). We also introduced dietary variables (daily energy intake and daily intake of fruit and vegetables: <25th gender-specific percentile, >75th, or around median; fat energy percentage of total energy intake: >75th gender-specific percentile or below), information on education level (any higher education or none), smoking and drinking habits (no-/ex-/current smoker; <1 drink per week or 1+ drinks per week), physical activity (sedentary-light or moderate-heavy). Models for DBP and the natural logarithm of TSC were formed similarly. Analyzes were done with Stata 8.0.
RESULTS  
Altogether we identified 472 couples with birth data from the midwife protocols. Of the 2000 randomly selected persons (1000 couples), we located 1670 persons with the midwife data (84%). The midwife protocols of the 330 remaining persons were either missing or in a few cases the information in the protocols was too ambiguous for identification. Among the 1670 persons with complete data, both partners’ data were available in 472 couples.

Table 1 shows the slope estimates of SBP, DBP, and TSC on birth weight from different models. The confounder adjustment for both latent and fixed lifestyle covariates did not substantially change the effect of birth weight on SBP, DBP, and TSC.
(Table 1 here)

From the estimation of (1) with inclusion of all available confounder variables, we learnt that spouses are uncorrelated provided an adequate confounder control. That is, the intra-class correlation was approximately zero and the differences between couples were explained by the included covariates. 
The estimates for TSC were generally weak and lacked statistical power. 
Correlation between spouses
For further clarification, we calculated Pearson’s correlation coefficients of blood pressure and birth weights of the couple. 
(Figure 1 here)

Figure 1 shows a relatively large, positive correlation between the husband’s SBP and the wife’s birth weight and vice versa. According to the data, a man with low birth weight will experience high SBP as predicted by the programming hypothesis. At the same time, his high SBP correlates with both high birth weight and high SBP of the wife which contradicts the inverse relation between birth weight and SBP of the wife confirmed by the data. The pattern was similar but less apparent for DBP.


DISCUSSION 
Our study provides support for the earlier findings on the programming hypothesis, 9, 21 and raises new concerns. We found an unexpected positive association between the blood pressure of one spouse and the birth weight of the other that could be due to chance. Otherwise, we speculate whether the use of drugs to treat hypertension, selection of spouses, or effect modification by lifestyle could bias the estimated associations between spouses. It seems impossible to interpret the spurious positive correlations in the framework of a causal diagram. One concludes that the spurious associations should be negative in order to be interpretable, because the blood pressures within a couple are positively correlated and the associations between birth weight and blood pressure in each spouse are negative. We recommend that other spouse data are used to see whether our findings can be replicated. 

Tu and colleagues have pointed out that the association between birth weight and blood pressure in midlife could be an artefact induced by inappropriate adjustment for intermediate variables such as current BMI.22 Our slope estimates stayed unaffected after adjustment for current BMI, similar to the findings of Rich-Edwards et al.23 Our study did not have sufficient power to detect any significant interaction between birth weight and current BMI.24 
The proportion of couples with missing birth data either for one or both partners was large, but most likely unrelated to the hypothesis under study. Data were missing for persons born outside a certain region of the country, or if they were born on a day where the midwife had more than one delivery of mothers with the same surname. None of these conditions should cause selection bias, except perhaps by chance. Birth weight and outcome data were collected independently, which deems differential misclassification unlikely. 

Non-differential misclassification is on the other hand present. Birth weight at that time was measured on Bismarck scales that were less precise than the present day electronic scales. Blood pressure was measured as single measurements after five minutes rest, taken under standard conditions by trained personnel. Non-differential measurement errors will most likely attenuate effect size.  
Our objective was to do refined adjustments for social conditions by utilizing the shared environment of spouses. If not due to chance, the finding of correlation between the blood pressure of one spouse and the birth weight of the other may serve as a warning against basing strong inference on two measurements made 50 years apart without much control of what took place in the time between. 
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FIGURE 1.  Correlations between birth weights and systolic and diastolic blood pressure in the couple. The p-values refer to statistical significance of the hypothesis of no correlation.
	TABLE 1
	Effect of birth weight (per kilogram)

Slope estimates with 95% confidence intervals, p-values,
and estimates of intra-class correlation



	Variable
	Sex
	Separate effects*
	Joint effects†
	Adjusted for current BMI‡
	Adjusted for current BMI, age,  preterm delivery and various adult lifestyle factors§

	
	Estimate
	P-val
	Estimate
	P-val
	Estimate
	P-val
	Estimate
	P-val

	Systolic  blood

Pressure
	M
	-1.8 mmHg

(-4.8 to 1.2)
	0.23
	-2.2 mmHg

(-5.4 to 0.9)
	0.17
	-2.8 mmHg

(-5.9 to 0.3)
	0.08
	-3.5 mmHg

(-6.7 to -0.4)
	0.03

	
	F
	-3.2 mmHg

(-6.9 to 0.5)
	0.09
	-3.6 mmHg

(-7.1 to -0.1)
	0.04
	-2.9 mmHg

(-6.3 to 0.4)
	0.09
	-3.3 mmHg

(-6.7 to 0.2)
	0.06

	
	
	-
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r

=0.12
(0.06 to 0.24)
	<0.01
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=0.08
(0.02 to 0.22)
	0.04
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=0.04
(0.00-0.25)
	0.18


	(TABLE 1 continued)
	
	
	
	
	
	
	

	Diastolic blood pressure
	M
	-1.3 mmHg

(-3.0 to 0.4)
	0.12
	-1.4 mmHg

(-3.0 to 0.2)
	0.09
	-1.7 mmHg

(-3.3 to -0.1)
	0.03
	-1.5 mmHg

(-3.2 to 0.1)
	0.07

	
	F
	-1.1 mmHg

(-2.8 to 0.6)
	0.21
	-1.1 mmHg

(-2.9 to 0.6)
	0.22
	-0.9 mmHg

(-2.6 to 0.8)
	0.30
	-0.7 mmHg

(-2.5 to 1.2)
	0.48

	
	
	-
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r

=0.07
(0.01 to 0.21)
	0.05
	
[image: image17.wmf]ˆ

r

=0.04
(0.00 to 0.26)
	0.22
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	Total serum

cholesterol (logscale)
	M
	-2.3 %

(-5.4 to 0.8)
	0.15
	-2.3 %

(-5.4 to 0.8)
	0.15
	-2.3 %

(-5.3 to 0.8)
	0.15
	-1.5 %

(-4.8 to 1.7)
	0.35

	
	F
	0.4 %

(-2.9 to 3.8)
	0.80
	0.5 %

(-2.9 to 3.8)
	0.78
	0.7 %

(-2.6 to 4.1)
	0.67
	1.3 %

(-2.2 to 4.8)
	0.48

	
	
	-
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=0.05

(0.01 to 0.22)
	0.14
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r

=0.06

(0.01 to 0.22)
	0.11
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=0.04
(0.00 to 0.26)
	0.21

	*Stratified analysis by gender

†Estimate of
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’s in (1)
‡Current BMI and interaction terms of BMI by gender included in (1)

§Current BMI and interaction terms of BMI by gender, current age, preterm delivery, educational level, smoking and drinking habits, physical activity, total energy intake, intake of fruit and vegetables, and fat percentage of total energy intake were added to (1)

¶ DBP can only be adjusted for all confounders in a model assuming no intra-class correlation i.e. 
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