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6.1.1 Introduction
This chapter is the literature review for the Auckland Blood

Pressure Control Study. The Auckland Blood Pressure Control Study

was a factorial design, randomised controlled trial of exercise and

salt restriction as interventions for lowering blood pressure. This

review covers both the observational research on physical activity

and hypertension although the emphasis is on the experimental

trials in human subjects. An attempt has been made to review all

recent papers on physical activity and hypertension. An earlier

review on this topic by Seals and Hagberg (1984) is described and

studies published since that review are critically analyzed. A

detailed review of the Seals and Hagberg trial is included. Salt

restriction and hypertension is a secondary issue in this thesis and

the review of the salt literature will focus on recent experimental

evidence from human studies. The four tables, 6.1 to 6.4 , are

included at the end of this chapter (p 139 to p 147).

6.1.2 Overview of the literature for physical

activ ity a nd hypertens io n

Hypertension is a common disease in industrial societies and

physical inactivity has been consistently shown to be associated

with hypertension in observational studies (Paffenbarger, 1983);

(Kannel, 1979). Both physical inactivity and hypertension have been

shown to be risk factors for the development of coronary heart

disease (Paffenbarger, 1986); (Berlin, 1990). The reported
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benef icial effects of physical activity on the development of

hypertension and coronary heart disease have been based primarily

on non-experimental epidemiological studies ti.e. observational

studies) (Paffenbarger, 1983); (Berlin, 1990). There are possible

confounding factors in observational studies and clinical trials of

physical activity and blood pressure are necessary to clarify the

nature of the association.

There have been many clinical trials of physical activity and

hypertension although two earlier reviews of this topic were

cautious in estimating the effect of physical activity on blood

pressure reduction (Seals, 1984); (Dwyer, 1gB3). Both these

reviews commented on the poor design of most of the reviewed

studies. This review critically examines experimental trials

studying the effect of physical activity on both normal and elevated

blood pressure and concentrates on studies published since the

Seals and Hagberg review (1984).

6.1.3 Methods for review of the literature for
physical activity and hypertension

This review of the literature on physical activity and hypertension

concentrates on: experimental studies in humans; studies published

after 1980; studies with participants who are otherwise healthy

and have no systemic disease; studies for which one of the primary

aims was to measure blood pressure as an outcome and papers not

included in a review by Seals and Hagberg (1984). Studies
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containing normotensives are included in this review as definitions

of hypertension are arbitrary. The review does not include studies

where participants are all on the same medication although some of

the studies in this review have some of the participants on

med icatio n.

The articles for this review were found by a MEDLINE search

of English language articles using the MESH headings ol blood

pressure, hypertension, physical activity, exercise and exertion.

Additional references were also sought by checking the relerence

section of relevant articles.

Seals and Hagberg (1984) reviewed publications up to 19Bg

and a similar approach has been adopted for this review. In addition

to their approach the methodological quality of the studies has been

assessed as the earlier reviews found many methodological flaws.

The emphasis in this thesis is on the quality of the study design and

the results are assessed accordingly. Physiological issues such as

the hemodynamics of physical activity are mentioned but are not

the major focus of the review.

The maior forms of bias in the design of clinical trials are:

failure to randomize; lack of a control group; absence of blind blood

pressure measurement; contamination and co-intervention. An

additional lorm of bias can occur with the use of a before and after

design as this overestimates the fall in blood pressure. This

overestimate is due to the fact that blood pressure usually falls

with repeated measurement and there can also be a regression to

the mean etfect. This review divides the studies into the categories



100

of uncontrolled, controlled but poor quality, and controlled but

better quality. The controlled/better quality papers differed from

the others as they had no maior form of bias apart from absence of

blind blood pressure measurement. As only one paper had no design

errors the otherwise well designed papers, apart f rom blind

measurement, are included in the better quality group.

6.1.4 The Seals and Hagberg review

The Seals and Hagberg review commences with a classification of

the hemodynamic aspects of hypertensive states then discusses the

epidemiological aspects of exercise and blood pressure. The main

review systematically examines twelve studies found from the

English literature, 1967-83. There are no details of how their

sample was obtained nor any detailed comment on the quality of

individual studies. The Seals and Hagberg review will be discussed

in terms of the following subsections.

Sublcct eclcctlon and clamlllcetlon

All twelve studies involved persons with essential hypertension or

borderline hypertension. A wide range of classif ication of

hypertension was used and three studies failed to mention their

classification criteria. Borderline hypertension was defined in one

study as a systolic blood pressure of 140-1 59 mm Hg and a

diastolicb|oodpressureo|90-95mmHg;inanotheras>

Hg systolic and
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defined at all. There was no elaboration on what was considered

essential hypertension as the articles reviewed did not provide that

information in many instances. Seals and Hagberg (1984)

commented on the need to take multiple readings to ensure that

individuals were truly hypertensive which is a prudent step before

starting medication. This assumes that the arbitrary levels of

hypertension, set by ditferent groups, represent a threshold above

which different outcomes could be expected. There is good evidence

that risk of morbidity and mortality rise with higher levels of blood

pressure and there may be no threshold effect. In a meta-analysis

of nine major prospective studies, within the range of diastolic

blood pressure 70-110 mm Hg, MacMahon et al (1ggo) found no

evidence of any threshold below which lower levels of diastolic

blood pressure were not associated with lower risks of stroke and

coronary heart disease. lf the traditional 120/90 (systolic in mm

Hg/diastolic in mm Hg) is used as the definition of normotensive, a

group with a mean blood pressure of 120/80 would be at greater

risk than a group with a mean blood pressure of 11ono. Studies in

the seals and Hagberg (1984) review found physical activity

lowered blood pressure in both hypertensives and normotensives

adding weight to the argument for no threshold for hypertension.

Eight of the 12 studies reviewed had hypertensive populations

with sample sizes between 10 and 37 participants. The remaining

four had between four and six participants. Two studies had both

men and women and two studies had only women as participants.

There was little or no data on the elderly or adolescent groups. Most
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studies did not involve persons on medication and the authors

concluded that changes in medication did not influence blood

pressure in the reviewed studies.

lleasuremenl of blood prcasurG

Eight of the studies used indirect measurement via auscultation

while four studies used direct intra-arterial measurement.

Approximately half of the studies measured blood pressure with the

participants in the supine position while the other half were

studied in the sitting position. No reference was made by Seals and

Hagberg (1984) on the need for blinding in the measurement of blood

pressure.

Excrclse tralnlng program

All of the studies used large muscle activities (e.g. running,

walking) although there were some activities with a mixture of

exercises which made it difficult to ascertain how much time was

spent in each activity. There was a wide range of intensity,

frequency and duration of exercise sessions. Most participants

exercised at an intensity of about 50-70oh maximal oxygen uptake.

The authors noted that the lower end of this range is below that

necessary to elicit significant cardiovascular training adaptations.

The frequency of physical activity in the studies reviewed averaged

3 episodes per week with a range of z-s episodes per week. The

f ength of training was from 1-27 months. The duration of each

session ranged from 30-60 min although it was not clear how much
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and vigorous activity and how much

other low intensity activities such as

Elfccl ol exerclse tralnlng and body wclght

All twelve of the studies measured maximal oxygen uptake directly.

All but one of the studies attempted to demonstrate a training

eftect either by reporting an increase in exercise capacity or a

reduction in heart rate. Ten of the twelve studies presented data on

weight loss. Three reported a significant weight Ioss with training,

ranging from 1.2-3.2 Kg, while seven reported no significant change.

This lack of significant change in weight is of dubious importance

as many of the studies had small sample sizes.

Blood plcasurc d rcst

The range of mean baseline values before training was from 137/80

to 1821113 (systolic in mm Hg/diastolic in mm Hg). Eleven of the

studies showed a significant reduction in systolic blood pressure

while eight showed a reduction in diastolic pressure. The mean

decrease in blood pressure was 9 mm Hg for systolic and 7 mm Hg

for diastolic blood pressure. The authors consider these small

reductions in blood pressure and comment that most of the

information is based on studies with inadequate control groups and

hence caution is required in interpreting the results. Although these

falls may seem small compared to reductions achieved in an

individual patient being treated with medication, the average fall in
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diastolic blood pressure in the meta-analysis of trials using

antihypertensive drugs by Collins et al (1990) was 5 mm Hg.

Moreover a 5 mm Hg reduction in the blood pressure in a group of

hypertensive persons was associated with a substantial reduction

in cardiovascular events.

The Hagberg and Seals (1984) review examined the influence

of the level of the baseline blood pressure on the subsequent

reduction and found a trend for those studies, which started at a

higher level, to report a greater fall in blood pressure after

exercise. They found falls of 1219 (systolic in mm Hg/diastolic in

mm Hg) for the studies with baseline blood pressures greater than

the median and 913 (systolic in mm Hg/diastolic in mm Hg) for

those below the median.

Seals and Hagberg (1984) considered changes in the

sympathetic nervous system as a possible mechanism for lowering

blood pressure. They reported only one study which assessed

changes in catecholamine levels and found that while resting blood

pressure was changed there were no changes in the catecholamine

levels (Hagberg, 1984a). This paper was in press at the time of

their review and although mentioned in the discussion section was

not included in the review proper; hence it appears in the review for

this thesis.

In the Seals and Hagberg (1984) review the sample sizes of

many of the studies were very small and there was no mention of

type 2 statistical error in their conclusions. Thus many of the
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negative conclusions may not reflect the true situation for blood

pressure and other outcomes such as weight change.

6.1.5 Results of the current review of the literature
for physical activity and hypertension

After applying the inclusion criteria from section 6.1.2, thirty one

studies have been selected for critique in this thesis. Of these eight

had no control group {(Cade, 1984); (Gilders, 1989); (Hagberg,

1 984b) ; (Kiyonaga, 1 985) ; (Cleroux, 1 987); (Westheim, 1 986);

(Kaufman, 1987); (Sullivan, 1989) and one had a waiting list control

group (Blumenthal, 1991).

Four studies were of one episode of physical activity (Wilcox,

1982); (Raglin, 1987); (Kaufman, 1987); (Somers, 1991a). The

remaining studies had control groups and studied habitual activity

and are the main focus of this review (Duncan, 1985), (Hagberg,

1989), (Hagberg, 1984a), (Harris, 1987), (Hurley, 1984), (Hurley,

1988), (Jennings, 1986), (Maiorano, 1989), (Nelson, 1986), (Seals,

1985), (Somers, 1986), (Urata, 1987), (Van Hoof, 1989), (Hansen,

1991I, (Martin, 1990), (Cononie, 1991), (Meredith, 1990), (Somers,

1991b), (Blumenthal, 1991), (Seals, 1991). Detalls of the design,

baseline characteristics, methods, results and study design

inadequacies are shown in tables 6.1 to 6.4.
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Sublect selectlon and claselflcatlon

The range of study size was from 10-132 persons which was an

increase on those in the Seals and Hagberg (1984) review where the

f argest study reported had 37 participants. There were six studies

with more than 37 participants ((Cade, 1984), (Duncan, 1985),

(Maiorano, 1989), (Hansen, 1 991), (Cononie, 1991), (Blumenthal,

1991) and three studies with 100 or more participants ((Cade,

1984), (Maiorano, 1989), (Hansen, 1991)). The majority of persons

studied were male; although eighteen studies included women they

were almost always in a minority. No study reported the results by

gender. Most of the participants in the studies were not on

medication and where participants were on medication the majority

had stopped before commencing the study. There were two studies

of the elderly (Hagberg, 1 989); (Cononie, 1991) one which studied

adolescents (Hagberg, 1984b) and one studying school children aged

9 to 11 years (Hansen, 1991).

The majority of studies had participants who had elevated

blood pressure although nine studies contained only persons who

were normotensive {(Hurley, 1984), (Hurley, 1988), (Jennings,

1986), (Maiorano, 1989), (Seals, 1985), (Somers, 1986), (Van Hoof,

1989), (Cononie, 1991), (Meredith, 1990)). Seven of the studies with

control groups did not report random allocation of participants into

treatment and control groups (Hagberg, 1 984a); (Hurley, 1 988);

(Hurley, 1984); (Maiorano, 1989); (Seals, 1985); (Somers, 1986),

(Seals, 1991) in one study it was not clearly reported (Somers,
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1991b) and in another study 3 of the 56 participants were allowed

to choose their allocation (Cononie, 1991). Seven studies used a

before and after design (Cade,1984); (Gilders, 1989); (Hagberg,

1984b); (Kiyonaga, 1985); (Cleroux, 1987); (Westheim, 1986).

The only studies to use blind measurement of blood pressure

were those that used electronic monitoring {(Gilders, 1989),

(Raglin, 1987), (Somers, 1986), (Somers, 1991a), (Somers, 1991b),

(Van Hoof, 1989), (Westheim, 1986), (Seals, 1991)). Of these, only

two were also randomized and controlled (Raglin, 1987), (Van Hoof,

1989) and the study by Raglin et al (1987) examined the effect of

only one episode of physical activity on hypertension. Twelve of the

studies used Hawksley random zerc sphygmomanometers and

although these guard against digit preference they are not a truly

blind instrument. There have been recent reports on inaccuracy in

these instruments when compared to standard mercury

sphygmomanometers (O'Brien, 1990). This is not so important in a

controlled trial where relative differences between groups are

more important than absolute differences.

Basellne and post-cxerclec restlng blood prcssurc (all blood prcssutcg

are cxprcsscd a8 a group mcan valuc r standard crror valuc)

The range of the baseline resting blood pressure for all studies

examined was; 110-165 mm Hg for the systolic and 69-109 mm Hg

for the diastolic blood pressure which is wider than the range for

the Seals and Hagberg (1984) review. Twenty nine of the thirty one

studies reported a fall in resting, post-exercise systolic blood
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pressure while one found a rise of 0.9 mm Hg (Harris, 1987) and

another a rise of 1 mm Hg (Blumenthal, 1991). All of the studies

reported a fall in resting, post-exercise diastolic blood pressure.

The range of change in systolic blood pressure, for all 31 studies,

was from a rise of 1 mm Hg to a fall of 40 mm Hg. For diastolic

blood pressure the range of reduction was from 1 mm Hg to 21 mm

Hg. In the twenty controlled studies of habitual activity the range

of change in systolic blood pressure was from a rise of 1 mm Hg to

a fall of 20 mm Hg and for falls of 0.7 mm Hg to 12 mm Hg for

diastolic blood pressure.

The twenty controlled trials of habitual activity were

divided into those with initial systolic blood pressures below and

above 139 mm Hg. In the studies with the lower initial systolic

blood pressures {(Jennings, 1986), (Maiorano, 1989), (Seals, 1985),

(Somers, 1986), (Van Hoof, 1989), (Hansen, 1991), (Martin, 1990),

(Cononie, 1991), (Meredith, 1990)) the means and standard errors of

the means (in mm Hg) for systolic and diastolic blood pressure were

7 .3 t 1 .8 and 5.8 t 1 .1 respectively. In the group with initial

systolic blood pressure above 139 mm Hg the means and standard

errors (in mm Hg) for reduction in post-exercise resting blood

pressure were 8.3 r 1.7 for the systolic and 6.2 n 1.0 for the

diastolic blood pressure.

The twenty controlled studies of habitual activity were

divided into high and low quality papers. Only one study avoided any

important form of bias (Van Hoof , 1989). lt is not certain if

randomisation occurred in the study by Somers et al (1991b);
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however the study employed a cross-over design and had intra-

arterial measurement of blood pressure and hence is included in the

high quality papers. As lack of blinding was almost universal it was

decided to accept the ten papers, which had lack of blinding as the

only important potential form of bias, {(Duncan, 1985), (Harris,

1987), (Jennings, 1986), (Nelson, 1986), (Hansen, 1991), (Martin,

1990), (Cononie, 1991), (Meredith, 1990), (Somers, 1991b),

(Blumenthal, 1991)) and the one paper with no major design

problems (Van Hoof, 1989) as the eleven high quality papers. The

paper by Blumenthal et al (1991) had a waiting list control group

and this was accepted as a reasonable control group in spite of the

fact that such a design can involve co-intervention in the

intervention group and contamination in the control group. The

remaining nine papers were considered to be low quality. The mean

and standard errors of the fall in post-exercise resting systolic and

diastolic blood (in mm Hg) pressures for the better quality group

were 6.5 t 1.6 and 6.0 t 1.0 and for the poor quality group 9.4 r 1.8

and 6.1 t 1.1 respectively. The mean and standard errors of the fall

in post-exercise resting systolic and diastolic blood (in mm Hg)

pressures for the eleven uncontrolled studies were greater again at

14.5 t 3.5 and 9.4 r 2.4. In the studies where only blind

measurement of blood pressure was undertaken the means and

standard errors (in mm Hg) for post-exercise reduction in systolic

and diastolic blood pressures were 6.2 r 3.5 and 3.6 r 2.1

respectively (Gilders, 1989), (Somers, 1986), (Raglin, 1987),

(Westheim, 1986), (Somers, 1991b), (Van Hoof, 1989). Two studies
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used both blinded and unblinded methods for measuring blood

pressure and hence are excluded from the analysis as it was not

clear into which group they belonged (Seals, 1991), (Somers,

1991b). In the 23 studies where blind measurement of blood

pressure was not undertaken the means and standard errors of the

mean for post-exercise reduction in systolic and diastolic blood

pressures were 10.9 t 1.8 and 8.1 r 1.1 mm Hg respectively.

Exerclee tralnlng program

All of the studies utilized large muscle group activities. Four of the

studies involved weight training, an activity not studied in the

Seals and Hagberg paper {(Hagberg, 1984a), (Harris, 1987), (Hurley,

1984), (Hurley, 1988)). The majority ol study participants

exercised at approximately 6O-70"/" of maximal oxygen uptake. For

five of the twenty controlled studies of habitual activity there was

no information on the intensity of activity {(Maiorano, 1989),

(Somers, 1986), (Hurley, 1984), (Hurley, 1988), (Somers, 1991b)). In

the four habitual activity studies where low intensity was studied

((Harris, 1987), (Urata, 1987), (Hagberg, 1989), (Seals, 1991)) the

means and standard errors (in mm Hg) of the reduction in resting

post-exercise systolic and diastolic blood pressures uras 11.00 t
2.8 and 6.4 r 1.8 respectively. In the eleven higher-intensity studies

the mean falls in resting post-exercise systolic and diastolic blood

pressures (in mm Hg) were 8.1 r 1 .7 and 6.5 t 1 .1 respectively

{(Duncan, 1985), (Hagberg, 1984a), (Jennings, 1986), (Nelson, 1986),
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(Seals, 1985), (Van Hoof , 1989), (Hansen, 1991), (Martin, 1990),

(Cononie, 1991), (Meredith, 1990), (Blumenthal, 1991)).

One of the two controlled trials to examine two levels of

intensity involved persons aged between 60 and 69 years old

(Hagberg, 1989). The low level of physical activity was walking at

home while the higher level was fast walking and jogging. The fall

in blood pressure at the low level of activity was 20111

(systolic/diastolic in mm Hg) and at the higher level 8111. This

study has a major form of bias in the form of contamination of the

control group as the low intensity group exercised more frequently

than the high intensity group. From the work by Nelson et al (1986)

it is known that more f requent exercise results in greater

reductions of blood pressure. The results from the group which

trained at the higher level of intensity were also potentially biased

by co-intervention, due to their receiving additional supervision

while the low group performed unsupervised walking at home. The

other study to examine the etfect of two levels of intensity on

blood pressure was a randomised controlled trial with unblinded

assessment of blood pressure (Matsusaki, 1992). This was not

included in the above review as it did not incorporate a non-

exercising control group. Unfortunately the high intensity group

exercised for 30-40 minutes while the low intensity group

exercised for 60 minutes and this may have biased the results in

favour of the low intensity group. The mean reduction in systolic

and diastolic blood pressure for the low intensity group was 9 mm

Hg and 6 mm Hg for systolic and diastolic blood pressure
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respectively. The reduction in systolic and diastolic blood pressure

for the high intensity group was 3 mm Hg and 5 mm Hg for systolic

and diastolic blood pressure respectively. Significance testing was

not performed between the interventions and there is a possibility

that if this had been done a type 2 statistical error may have

occurred as a result of the small sample size (N = 26). An overview

of the study by Matsusaki et al (1992); the Hagberg et al (1989)

study and the results from the above review of the literature

suggest that low intensity activity is at least as good as high

intensity activity in lowering blood pressure.

The median frequency of training was 3 times per week. One

trial studied training f requencies of three and seven times per

week (Nelson, 1986). The fall in blood pressure of 16/11 (systolic

in mm Hg/diastolic in mm Hg) for the seven training sessions per

week was greater than the 11/9 fall for the three sessions per

week.

The duration of training ranged from four studies examining

blood pressure after only one episode of exercise {(Kaufman, 1987),

(Raglin, 1987), (Wilcox, 1982), (Somers, 1991a) to nine months

(Hagberg, 1989) and twelve months (Seals, 1991). Apart from the

three studies which had only one episode of activity all the others

had at least four weeks of training.

Of the twenty controlled studies of habitual activity which

had a duration greater than 13 weeks, thirteen studies {(Somers,

1991b), (Blumenthal, 1991), (Seals, 1991), (Duncan, 1985),

(Hagberg, 1989), (Hagberg, 1984a), (Somers, 1986), (Hurley, 1984),
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(Hurley, 1988), (Seals, 1985), (Van Hoof , 1989), (Hansen, 1991),

(Cononie, 1991)) had similar falls in blood pressure to those with

durations less than 13 weeks {(Harris, 1987), (Jennings, 1986),

(Maiorano, 1989), (Nelson, 1986), (Urata, 1987), (Martin, 1990),

(Meredith, 1990)). The means and standard errors (in mm Hg) for the

reduction in resting post-exercise blood pressure for the longer

duration was 7.9 r 1.5 for the systolic and 5.7 r 0.9 for the

diastolic blood pressure. The means and standard errors (in mm Hg)

for the reduction in blood pressure in the shorter duration studies

for the systolic and diastolic blood pressures was 7.6 r 2.1 and 6.6

t 1.2 respectively.

Body wclght

In the twenty controlled trials of habitual activity eight studies

reported a range of weight loss of 0.5-2.5 kg {(Hagberg, 1989),

(Seals, 1985), (Somers, 1986), (Urata, 1987), (Van Hoof , 1989),

(Hansen, 1991), (Martin, 1990), (Somers, 1991b)) and four reported

no change {(Jennings, 1986), (Nelson, 1986), (Meredith, 1990),

(Cononie, 1991)). Two of the latter studies were from the same

group and used a latin square design {(Jennings, 1986), (Nelson,

1986)) and found no difference in weight. One study did not record

weight change (Maiorano, 1989) and five showed a gain in weight of

0.4-5.2 kg ((Duncan, 1985), (Hagberg, 1984a) (Harris, 1987),

(Hurley, 1984), (Hurley, 1989)). Of the five that showed a gain in

weight, four were studies involving weight training. The three

studies with the largest weight losses among the controlled
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studies (Hagberg, 1989), (Somers, 1986), (Seals, 1991) were also

the three longest.

ilechanlsms medlatlng the rcductlon In blood presaurG cllcltcd by

tralnlng

A number of mechanisms have been postulated to explain the

mechanism for the lowering of blood pressure by physical activity.

These include changes in the secretion of noradrenalin and adrenalin

and changes in cardiac output and peripheral vascular resistance.

The effect of physical activity on noradrenalin and adrenalin levels

in papers included in this review is shown on Table 4. In the seven

controlled trials of habitual activity which measured noradrenalin

levels five studies found a fall in noradrenalin levels (Hagberg,

1989); (Jennings, 1986); (Nelson, 1986); (Urata, 1987); (Meredith,

1990); in one study the fall only occurred in hyperadrenergic

persons while there was a rise in noradrenalin in the

normoadrenergic group (Duncan, 1985); one study had an increase

(Hurley, 1984). The one controlled trial of habitual physical activity

that reported a rise in noradrenalin levels was a study of circuit

weight training (Hurley, 1 984); the authors attributed this to an

effect of the weight lifting. The range of change in levels of

noradrenalin was lrom a rise of flA pg/ml to a fall of 135 pg/ml.

Of the studies measuring adrenalin one study found a fall

(Duncan, 1985); one found a fall only in participants in the standing

position (Nelson, 1986); and in two studies there was an increase

(Hagberg, 1989); (Hurley, 1984).
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The changes in cardiac output and peripheral vascular

resistance are also shown in Table 6.4. Of the twenty controlled

studies of habitual activity, eleven did not report these measures.

One study (Urata, 1987) reported a fall in cardiac output and a rise

in peripheral vascular resistance; four studies {(Hurley, 1984);

(Jennings, 1986); (Nelson, 1986); (Meredith, 1990) reported a rise

in cardiac output and a fall in peripheral vascular resistance. The

remaining two studies reported both rises and falls in these

measurements for different sub-groups (Hagberg, 1989); (Hagberg,

1984a). One study (Hagberg, 1984a) reported a fall in cardiac output

and rise in peripheral resistance for weight training and the

reverse for endurance training. The other study (Hagberg, 1989)

reported a fall in cardiac output and a rise in peripheral resistance

for low intensity and the opposite trend for high intensity activity.

An article not included in this review, found the same pattern as

Hagberg et al (1989) raising some new questions as to the

mechanism of blood pressure reduction with exercise (Matsusaki,

1992). As both of these studies had major methodological flaws

this issue will need further well designed research.

Other studies on physical activity and blood pressure

Only one other trial of physical activity and salt restriction as a

non-pharmacological therapy for blood pressure was found. This

was an unblinded randomised controlled trial of daily exercycling

and/or a 34 mmol/day of dietary sodium (Nomura, 1984). The

authors state that there may be an additive effect of the two
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interventions compared with exercise only. Unfortunately the

analysis of this study is limited as the authors adopted a long run

in period which meant that the blood pressure levels at the start of

the study had regressed from 160 mm Hg to 1go-1gs mm Hg. The

analysis is also performed within the groups rather than across the

groups. lf the original baseline is used the reduction in resting

post-exercise systolic blood pressure would be 2s mm Hg for the

exercise only group and 38 mm Hg for the exercise and salt

restriction group. For the diastolic blood pressure the result would

be 18 mm Hg and 21 mm Hg respectively. lf these were true

differences it would suggest that there is an additive effect. This

example illustrates the need for high baseline blood pressures to be

able to demonstrate additive effects of two non-pharmacological

therapies.

studies on physical actlvity and blood pressure where all

the partieipants are on the aame medication.

Although the Auckland blood pressure control study studied

participants on medication this was done to obtain a large sample

of hypertensive persons and not to examine any particular

medication. In studies of physical activity, the betablocker group

has received the most attention. There is evidence that

betablockers will limit the blood pressure amplitude during

exercise and Iimit increases in f itness (Klaus, l g8g). This is

thought to be more of an issue with non-selective rather than the

selective betablockers. One randomised trial found that metoprolol



117

and placebo groups had better post-exercise reductions in blood

pressure than did propranolol (Ades, 1988). Another randomised

trial found that physical activity in mild hypertensives on

diltiazem and propranolol was no better than placebo in lowering

blood pressure (Keleman, 1990). A randomised trial by Stewart et al

(1990) found that diltiazem did not interfere with increases

maximal oxygen uptake whereas this occurred with propranolol.

Angiotensin converting enzyme inhibitors are not thought to

interfere with exercise hemodynamics (Klaus, 1989); (Allen, 1gg1).

6.1 .6 Discussion

In this review only one study examining habitual physical activity

and blood pressure had no major design faults. In spite of these

design problems there is a consistent finding that physical activity

lowers blood pressure. The mean post-exercise blood pressure

reduction was smaller in the better designed than in the poor

quality papers. This highlights the importance of considering the

quality of studies on physical activity and blood pressure. The mean

post-exercise blood pressure reductions in the poor quality group

were 9.4 mm Hg and 6.1 mm Hg for the reduction in systolic and

diastolic blood pressures respectively. This is similar to the values

of 9 mm Hg and 7 mm Hg reported in the earlier review by Seals and

Hagberg (1984). This earlier review did not specifically analyse by

quality but did comment that the quality of the research was poor

and hence the authors were unable to recommend exercise as a non-
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pharmacological therapy for hypertension. No study in

for this thesis specifically examined women and only

examined the elderly in spite of the high prevalence of

in this age group.

The fact that all studies found a decrease in either the

systolic or diastolic blood pressure or both may mean that

publication bias toward a positive association between physical

activity and blood pressure is occurring. lt is no surprise that blood

pressure reduction occurred in persons with both hypertension and

normal blood pressure as definitions of hypertension are arbitrary

and blood pressure is a continuous variable (Collins, 1990). The fall

in blood pressure was greater for those studies with the higher

baseline values and this is almost certainly due to the greater

opportunity for improvement with higher baseline levels. The same

effect has been demonstrated in studies of sodium restriction as a
means of blood pressure reduction (Grobbee, 1986).

The major defects in study design identified in this review

were: lack of randomisation; lack of a valid control group; absence

of blind blood pressure measurement; and the presence of co-

intervention. O,f the two studies (Raglin, 1987); (Van Hoof, 1989) to

avoid all major defects in design one was a study of a single

episode of physical activity (Raglin, 1987). Many of the poor quality

studies used a belore and after design, with the pre-intervention

measurements being used as control data. This may overestimate

the reduction of blood pressure as the mere act of observing a

person with blood pressure will almost invariably result in lower

the review

two studies

hypertension
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levels of blood pressure due to a diminution of the alerting

response or "white coat effect". The fact that bias may exaggerate

the reduction in blood pressure was suggested by the better

designed studies having smaller blood pressure reductions.

Moreover, the studies which used blind measurement of blood

pressure had the smallest reductions. All eight of the studies with

blind measurement of blood pressure, used electronic blood

pressure machines- one study used intra-arterial measurement for

part of the study (Somers, 1991b). None of the studies using a

mercury based sphygmomanometer utilised techniques to ensure

that true blind assessment of blood pressure was achieved. More

attention is needed to the blind assessment of blood pressure in

studies of physical activity and blood pressure.

The reduction in blood pressure in the lower intensity studies

was slightly greater than in the higher intensity studies. Only one

study investigated two levels of activity (Hagberg, 1989) and this

study showed a greater reduction in blood pressure for the lower

level of activity. As mentioned above this is difficult to interpret

as the study had so many biases. Further well designed studies are

needed examining multiple levels of intensity of physical activity

and the effect on resting post-exercise blood pressure.

The median frequency for performing physical activity was

three times per week. One study examined a frequency of 3 and 7

times per week and found a greater fall in blood pressure for the

more frequent level (Nelson, 1986). This study was among the

better designed in the review suggesting that greater benefit can be
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obtained by performing exercise on a daily basis than three times

per week.

The longer duration studies had greater reductions in blood

pressure but also had the largest reductions in weight. The fact

that some studies reported weight gains with associated reductions

in blood pressure suggests that weight loss is not the mechanism

for blood pressure reduction with physical activity. While short

term reductions in blood pressure may be independent of weight

loss, long term falls in blood pressure in the physically active may

result from both physical activity and weight loss. Many of the

studies performed tests of statistical significance to support their

claims of no difference in weight resulting f rom the physical

activity. As many of these studies are very small, the risk of type 2

statistical error is high.

The mechanism for reduction in blood pressure appears to be

independent of weight loss which itself is a potent means of

lowering blood pressure (Langford, 1989). While some studies in

this review reported a decrease in vascular resistance and an

increase in cardiac output the results were inconsistent. This may

mean that different mechanisms apply for different levels of

exercise intensity. The fact that the cardiac output fell and

peripheral vascular resistance rose in weight training and the

reverse occurred for endurance training requires further

investigation (Hagberg, 1984a). The other paradoxical result

occurred in two studies in which cardiac output fell and peripheral

vascular resistance rose with low intensity while the reverse
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occurred with high intensity (Hagberg, 1 989); (Matsusaki, 1 gg2).

This requires confirmation and clarification as the study population

for the Hagberg et al (1989) study was older than 60 years of age

and it will be important to separate the influences of age from

intensity levels.

Noradrenalin levels appear to be important in the reduction of

blood pressure as six of the seven controlled studies that measured

noradrenalin levels found a reduction. There is debate over the

validity of serum noradrenalin as a measure of sympathetic activity

as it may be a marker of change, rather than an agent of change

(Brown, 1985). The amount of noradrenalin at the nerve synapses is

only a fraction of that found in the serum and the serum level of

noradrenalin may not represent what is happening at the level of

the synapse. The results for serum adrenalin levels were too

inconsistent and the number of studies measuring adrenalin too few

to make any meaningful comment.

6.1.7 Gonclusion

Physical activity appears to lower blood pressure and, over short

periods of time, this reduction appears to be independent of weight

loss. These findings need to be interpreted cautiously as only one

study of habitual physical activity, as a means of reducing blood

pressure, avoided all the major pitfalls that can cause bias in

randomised controlled trials. Poor design is still a major problem

in experimental studies of physical activity and blood pressure.
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Well designed and/or blinded studies reported smaller reductions in

blood pressure than poorly designed and unblinded studies. In the

better quality studies the average reduction for both systolic and

diastolic blood pressure was about 6 to 7 mm Hg. This may be an

overestimate of the true reduction due to bias in the unblinded

studies. The reduction applied to both hypertensives and

normotensives suggesting that there is no blood pressure threshold

for physical activity as a means of reducing blood pressure.

A wide range of physical activities have been studied,

including circuit weight training and all activities were associated

with blood pressure lowering. Daily activity appears to give a
greater reduction of blood pressure than activity performed three

times per week. lt is not possible to draw any conclusions about the

optimal level of intensity of activity required to lower blood

pressure, although studies showed that the blood pressure reduction

following moderate activities was at least as great and possibly

greater than studies of vigorous activity. There are no published

studies comparing the duration of an episode required to lower

blood pressure. In this review the majority of studies were at least

30 minutes in duration. One unpublished study completed by the

author has found that ten minutes of low intensity exercise is not

sufficient to lower blood pressure compared with forty minutes of

the same activity. This would suggest that the threshold for the

duration of an episode of physical activity required to lower blood

pressure lies between ten and forty minutes



123

The mechanism for reduction may be due to a change in

cardiac output and peripheral vascular resistance although this

requires further investigation controlling for age and intensity of

activity factors. The role of noradrenalin is also unclear, although a

reduction in noradrenalin levels at rest accompanies a reduction in

blood pressure and this was more likely in the better designed

papers. More information is needed on the required intensity of

activity especially in women and the elderly. The prescription ot

physical activity on a population basis has the potential to bring

about reductions in blood pressure that could translate into

significant reductions in cardiovascular morbidity and mortality.

However more well designed research will be required to enable

physical activity to be appropriately prescribed to people with

hypertension.
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6.2. Salt and hypertension

6.2.1 Introduction
This section reviews the literature on salt and hypertension. As

stated above the maior focus of the Auckland Blood Pressure

Control Study was physical activity and hypertension. Salt

restriction and hypertension was a secondary issue and the review

of this literature will primarily focus on recent experimental trials

in humans. Also some of the community and general practice based

research and the results of the international Intersalt study will be

discussed.

6.2.2 Experimental studies

A review of the literature by Grobbee and Hofman (1986) examined

thirteen randomised trials on the effect of sodium restriction on

blood pressure. This review looked at data lrom those trials

t(Parijs, 1973), (Morgan, 1978); (Skrabal, 1981); (MacGregor, 1982);

(Beard, 1982); (Watt, 1983); (Silman, 1983); (Richards, 1984);

(Erwteman, 1984); (Cooper, 1984); (Watt, 1985); (Grobbee, 1987);

(Gibson, 1g5O)) and recorded the following characteristics: design

of the trial; numbers of participants -their mean ages and the

duration of the intervention period; initial levels of blood pressure;

daily sodium and potassium intakes based on 24 hour urinary
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excretion; the maximum reduction in

change in potassium intake; the

statistical significance of the study

published.

sodium intake achieved and the

change in blood pressure; the

and the year in which it was

All studies showed a fall in either systolic or diastolic blood

pressure or both. The range in the fall for the systolic blood

pressure was from 0.5 mm Hg to 10 mm Hg and for the diastolic the

range included a gain of 3.2 mm Hg to a fall of 7 mm Hg. The largest

falls were among older persons and those with higher initial blood

pressures. The average fall was 3.6 mm Hg for systolic blood

pressure and 2.2 mm Hg for diastolic blood pressure although only 3

trials reached statistical significance {(Parijs, 1g7g), (Morgan,

1978), (MacGregor, 1982)). Of these three, only the MacGregor

(1982) study was both blind and had a cross-over control group. The

study by Morgan was randomised but blood pressure was not blindly

assessed and the study by Parijs et al (Parijs, 1g7g) was atso not

blindly assessed. Thus the only well designed study to reach

statistical significance, in this review, was the study by MacGregor

(MacGregor, 1982). In the Grobbee review there was no association

between the fall in blood pressure and the initial sodium and

potassium intake, nor the reduction in sodium intake. The average

age of the participants was 38.5 years and the range was from 16

to 60 years of age. The average sodium intake was 152 mmoll24 hr

(range 113-210) and the average potassium intake was 64 mmolt24

hr (range 49-77). The initial sodium intake tended to be lower in

the more recent studies perhaps reflecting a lower intake of sodium



126

in the community. The mean reduction in sodium intake was 78

mmoll24 hr (range 26-170124 hr).

The blinded trials found an average fall in systolic blood

pressure of 2.6 mm Hg and O.7 mm Hg for diastolic blood pressure

{(MacGregor, 1982); (Watt, 1983); (Watt, 1985); (Grobbee, 1987);

(Gibson, 1950)). These falls were smaller than in the open trials

and only one of the blind studies reached statistical significance

(MacGregor, 1982).

The authors of this review concluded that the hypotensive

effect of sodium restriction was small and largely restricted to

systolic blood pressure. This may be due to the hemodynamic effect

of salt restrictlon on blood pressure in that it may have a greater

effect on systolic than diastolic blood pressure. The more likely

explanation is that there is a greater range of pressures for the

systolic blood pressure and hence greater potential for change. The

reduction was greater in those with higher blood pressure and older

age. The studies were unable to identify any sub-groups

consistently susceptible to sodium restriction, other than the

elderly. lt was not possible to comment on the etfect of sodium

restriction on those persons taking medication.
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6.2.3 Recent articles on salt restriction
Since the above review was published in 1986 there have been

lurther clinical trials. In a double blind crossover study of salt

restriction and added placebo/sodium tablets (MacGregor, l ggg), 20

patients with essential hypertension achieved a 24 hour sodium

intake of 54 mmol/day from a baseline of 162 mmol/day. This was

accompanied by a fall in blood pressure of 16 mm Hg for systolic

blood pressure and I mm Hg for diastolic blood pressure from an

initiaf group average of 1641101 (systolic/diastolic in mm Hg).

when sodium was added, in the form of tablet combinations of

sodium and/or placebo, the blood pressure rose to 15s/95 for a

sodium intake of 108 mmol/day and to 163/100 for a sodium intake

of 190 mmol/day. The authors concluded that at least over the

whole range of typical sodium intakes there is no threshold below

which sodium intake needs to be reduced to lower blood pressure.

They also commented that while it was relatively easy to achieve a

sodium intake of 80 mmol/day with a diet of no-added-salt to food

and avoidance of salt containing foods to achieve an intake of 50

mmol/day required the consumption of salt-f ree products,

especially salt free bread, which is not readily available. This study

was truly blind as it used a semi-automatic ultrasound

sphygmomanometer; the use of the cross-over technique ensures

that there is no selection bias and that the study has an appropriate

control group. This study is therefore very well designed and is
convincing evidence of the causal role of sodium in hypertension.
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In another well designed study by MacGregor et al (1989) the

reduction of sodium intake to 83 mmol/day provided additional

benefit to captopril treatment (MacGregor, 1g87). The baseline

blood pressure was 1621107, reducing to 149lg4 on captopril 50

mg twice daily with a further reduction to 137/88 with sodium

restriction. The baseline 24 hour sodium output was 135 mmol/day

and the level achieved with sodium restriction was 89 mmol/day.

A randomised, controlled trial with blind assessment of blood

pressure performed by the Australian National Health and Medical

Research Council and known as The Dietary Salt Intake in Mild

Hypertension Study was published in 1989 (Australian National

Health and Medical Research Council Dietary Salt Study Management

committee, 1989). Their results showed a reduction of s2

mmol/day of sodium intake, from a baseline of 142 mmol/day was

associated with falls in blood pressure of 6.1 mm Hg systolic and

3.7 mm Hg diastolic. In this study slow sodium and placebo tablets

were used as was the case in the three studies by MacGregor (1992,

1987 and 1989). The fact that all lour of these studies using slow-

sodium/placebo design have found a statistically signif icant

benefit leads to two conclusions. First, it may be difficult to get

intervention groups to only restrict their sodium intake without

changing other aspects of diet; crossover studies and studies using

salt and placebo tablets circumvent this problem. second, there

may be some bias involved in taking active slow-sodium tablets in

that it may be handled differently from dietary sodium.
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As well as being a treatment for hypertension and an adjunct

to pharmacological therapy, sodium restriction (and other

nutritional methods) can be used to prevent persons with high

normal levels of blood pressure from progressing to hypertension

(Stamler, 1989). A study was conducted by Stamler et al (1989)

over 5 years and used alcohol restriction, weight loss and physical

activity in addition to sodium restriction to reduce blood pressure.

The preliminary findings of the Trials of Hypertension Prevention

showed that a 39"/" reduction in sodium restriction was possible and

this resulted, at 18 months, in a fall in diastolic blood pressure of

2.2 mm Hg (p=0.02) and systolic blood pressure of 1.5 mm Hg

(p<0.05) (The Trials of Hypertension Prevention Collaborative

Research Group, 1990). Although the baseline sodium levels have

not yet been published a reduction of the order of 60 mmol/day of

sodium was achieved. This has been estimated by the thesis author

as equivalent to a baseline ol about 150 mmot/day (99% of 150 =

58.5 mmol/day).

Two factorial design randomised controlled trials involving

salt restriction and another intervention are included in the

discussion (chapter 9) and are not included in the above review

(Sciarrone, 1 992); (Parker, 1 990).
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6.2.3 The Intersalt Study: an ecological study.

The lntersalt Study examined the relationship between 24 hour

urinary electrolyte excretion and blood pressure in 10,079 men and

women age 20-59 sampled from 52 centres around the world

(lntersalt Cooperative Research Group, 1988). The Intersalt study

found:

(1) That for a reduction in sodium intake of 100 mmol/day there

would be a reduction in blood pressure of 2.2 mm Hg (systolic) and

0.1 mm Hg (diastolic).

(2) Within centres sodium excretion was significantly related to

blood pressure in individual subjects independent of body mass

index and alcohol consumption.

(4) The four lntersalt populations with low sodium excretions had

low median blood pressures, low prevalence of hypertension and

either a decrease or only a small increase in blood pressure with

age.

(5) When the four lntersalt populations with low sodium excretions

were eliminated f rom the analysis there was no association

between the salt intakes and blood pressure among the remaining

groups.

(6) Potassium excretion was negatively and independenily

associated with blood pressure with individual subjects within

centres and after adjustment for sodium excretion, body mass index

and alcohol intake.
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(7) The relationship of the ratio of urinary sodium/potassium

blood pressure, in individual subjects, followed a pattern similar

that for sodium but more strongly and consistently.

(8) Body mass index and high alcohol intake were strongly,

positively and independently associated with blood pressure in

individual subjects.

(9) A range of results from the Yanomamo Indians in Braztl with a

sodium excretion of 0.2 mmol/day at the low end to a high intake of

242 mmol/day in north China.

The strength of this study was that common protocols were

used in a number of different centres. One of the difficulties in

interpreting the regression lines between sodium intake and blood

pressure from the Intersalt results is that 4 centres had very low

sodium intakes while the remaining 48 had twenty four hour sodium

excretion rates of approximately 150 mmol/day which is typical of

Western society. The statistical correlation are thus heavily

weighted by the impact of the 4 low sodium intake countries where

other dietary and lifestyle factors may also play a role in blood

pressure. Also the fact that it was a cross-sectional study and not

a randomized controlled trial diminishes the power of the study to

determine the causal role of the sodium in hypertension. For

individuals an average fall of 2.2 mm Hg systolic blood pressure

would be disappointing as a reward for a reduction of 100

mmof/day of sodium. However on a population basis a fall ol 2.2 mm

Hg would have a significant impact in terms of morbidity and

mortality and these results may point to future salt restriction

to

to
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efforts being targetted at the food producing industries rather than

to individuals.

6.2.3 Community studies
Results from community based studies have been disappointing. In a

Belgian study a mass media campaign was aimed at women in one

town with the aim of reducing salt consumption in the community

while a control town was merely observed (Staesson, 1988). The

baseline 24 hour sodium excretions for men were 181.8 mmol/day

in the intervention town and 185.9 mmol/day in the control town.

The baseline 24 hour sodium excretions for women were 149.2

mmol/day in the intervention town and 131.3 mmol/day in the

control town. The baseline systolic and diastolic blood pressures,

for men, in the intervention town were 133.5 mm Hg and 78.8 mm

Hg and in the control town 130.7 mm Hg and 75J mm Hg. After five

years there was a decrease in the 24 hour urinary excretion of

sodium of 12 mmol/day in the intervention town and '14 mmol/day

in the control town. The fall in blood pressure in both groups was

similar. For women in the intervention town there was a reduction

of 25 mmol/day in the 24 hour urinary excretion of sodium and a

rise of 8 mmol/day in the control town. The fall in systolic and

diastolic blood pressure in the intervention town was 7.5 mm Hg

and 2.3 mm Hg while in the control town was 7.9 mm Hg and 3.0 mm

Hg. The authors concluded that while it was possible to obtain a

reduction in sodium intake on community basis, blood pressure was
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not affected. This negative results of this study may have been a

result of the low baseline blood pressures, the initial moderate

levels of sodium intake and the modest reductions in sodium intake.

A pilot study was undertaken in the New Zealand town of

Milton where a salt reduction intervention, aimed at the community,

took place over 4 months (Thaler, 1982). The entry criteria included

persons with a systolic blood pressure between 137 mm Hg and 180

mm Hg and people aged less than 64 years. The baseline 24 hour

sodium excretion was 156 mmol/day in both the intervention and

the control group. After 4 months the intervention group had a mean

24 hour sodium excretion of 84 mmol/day while the value for the

control group was 150 mmol/day. This was a pilot study and did not

report blood pressure (Simpson, 1gg1).

6.2.4 General Practice studies
In a study undertaken in a Welsh general practice eighteen patients

with mild stable hypertension (mean blood pressure 144199 in mm

Hg) restricted their sodium intake for eight weeks while taking

part in a double blind randomised cross-over trial of slow sodium

and placebo tablets (Watt, 1983). The mean 24 hour urinary sodium

excretion was 143 mmol/day during the period on slow sodium and

87 mmol/day during the placebo period. Five patients were unable

to reduce their sodium below 120 mmol/day but the others had a

mean 24 hour urinary excretion of 59 mmol/day during the period on

placebo. There was no significant difference in the blood pressure,
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for the whole group, between the slow sodium and placebo

treatment periods although the study had a power of 99% to detect

a difference of 5 mm Hg in mean arterial pressure between the two

periods. This was an unexpected finding and differs f rom clinical

trial results in research centres. The result may have been due to

chance or else may reflect factors that occur in general practice

settin g s.

6.2.5. Medication and blood pressure

There is some evidence that with certain classes of medication salt

restriction will enhance the effect of medication. Angiotensin

converting enzyme inhibitors benefit by additional reduction in

blood pressure from salt restriction and for diuretics there is less

potassium loss when salt is restricted. A randomised cross-over

study showed that sodium restriction enhanced the effect of

medication on hypertensive persons treated with captopril 50 mg

per day (MacGregor, 1987). How this applies to other classes of

medication requires further systematic evaluation; the advantage

being that augmentation of medication with sodium restriction may

enable lower doses of medication to be prescribed. A difficulty

commonly found in studies examining the effect of sodium

restriction on blood pressure is that participants with low initial

blood pressure show little benef it. Studies with persons on

medication will almost certainly have baseline blood pressures

lower than persons who are untreated.
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Salt restriction is regarded as being of value to persons with

hypertension both on and off medication (Canadian Consensus

Conference, 1989). Caution is only required when patients are

concurrently prescribed diuretics (Beard, 1990). The Canadian

consensus conference on Non-pharmacological approaches to the

management of high blood pressure (1989), recommended salt

restriction for persons with a diastolic blood pressure between 90

and 99 mm Hg before considering medication.

6.2.6 A recent review of the literature
A recent three-part review of studies using observational data

examines the effect of sodium restriction both between and within

populations and from trials of salt reduction {(Law-ll, 1gg1),

(Frost, 1991), (Law-lll, 1991)). lt was concluded that consistent

reductions in blood pressure with sodium intake were lound in

these three types of study. The results suggested that blood

pressure reduction was higher in older persons and in persons with

higher initial blood pressures. For example at age 60-69 years the

estimated systolac blood pressure reduction in responses to a 100

mmoll24 hr reduction in sodium intake was on average 10 mm Hg

but varied from 6 mm Hg for those on the fifth blood pressure

centile to 15 mm Hg for those on the 85th centite (Law-lll 1991).

Frost et al (1991) found a similar reduction when examining the

within population data by taking into account the effect of

regression dilution bias. This bias occurs in population estimates of
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the association between blood pressure and sodium intake and

results in a systematic under-estimation. This arises from the

random error involved in taking a single measurement of 24 hour

sodium as adequately representing the average daily sodium intake

of that person. The 24 hour sodium intake can vary from day to day

and the within person standard deviation can be up to about a third

of the mean (Frost, 1991).

In the review of the data from trials of salt reduction Law et

al (1 991) found that in persons aged 50-59 years a reduction in

daily sodium intake of 50 mmol, attainable by moderate dietary salt

reduction would lower systolic blood pressure by an average of 5

mm Hg after a few weeks. ln persons with an initial blood pressure

of 17o mm Hg a reduction of 7 mm Hg would be possible. Diastolic

blood pressure would be lowered by about half as much. They

estimated that a reduction in salt intake by a whole western

population would reduce the incidence of stroke by 26"/o and of

ischaemic heart disease by 15h (Law-lll, 1gg1). These reductions

were consistent with the data f rom the observational studies

reviewed in the three part review (Law-|, 1gg1), (Frost, 1gg1).

6.2.7 Conclusion

There would appear to be sufficient evidence that salt has a causal

relationship with blood pressure. However, the reduction of blood

pressure by means of reduction in salt intake in a community or

general practice setting has been small or non-existent. The
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randomised controlled trial evidence is strongly suggestive that

salt restriction lowers blood pressure and that addition of salt in

the form of slow-sodium tablets causes blood pressure to rise.

There is also a consensus that sodium restriction can be used to

treat hypertension, augment drug therapy for hypertension, and

prevent hypeitension. The effect of salt restriction and other non-

pharmacological therapy on blood pressure in persons on

antihypertensive medication is an area that will require a lot of

systematic research in the future.

Reduction in blood pressure following reductions in sodium

intake depend on the baseline values of both sodium intake and

blood pressure and the age of the person, with greater reductions

occurring in those with baseline values ol those three factors. The

value of sodium restriction as the sole method of reducing blood

pressure in persons with mild hypertension is limited by the fact

that the regression line relating change in blood pressure to initial

pressure appears to cross the zero change line when initial

pressures are in the borderline (mild) range for hypertension

(Grobee, 1986). This suggests that sodium restriction will be more

effective for those persons with higher levels of blood pressure

than those with borderline levels.

Salt restriction has a small part to play in the reduction of

mifd hypertension in societies where the intake is below ZOO

mmol/day. lf there is already a trend towards a lower intake of salt

in the community it may not be possible in future to demonstrate

changes in blood pressure resulting from a reduction in salt intake.
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The results of community based studies have been disappointing as

there have been minimal or undetectable reductions in blood

pressure even when sodium intake is reduced. A further limitation

is due to the fact that some persons cannot lower their intake and

that very few can lower their intake to 50 mmol/day; the level

required to obtain consistent lowering of blood pressure. This is in

part due to the lack of availability of no-salt foods such as no-salt

bread. On the other hand salt restriction has the potential for the

population approach in which the food industry can lower the

amount of salt added to prepared foods.
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Chapter 7 = Methods: Auckland Blood
Pressure Control Study
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7.1.6 Outcome meaaures

7,1 .7 Scoring system for medication

7.1 .8 Sources of Bias

7.1.9 Coding and analysis

7.1.10 Statlstical Power

7.2.1 Summaly
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7 .1.1. Introduction
This chapter describes the detailed methodology of the Auckland
Blood Pressure Control Study. As stated in chapter 1 the Auckland
Blood Pressure Control Study was a factorial design, randomised
controlled trial of exercise and salt restriction as a means o f
f urther lowering blood pressure participants being treated for
hypertension with medication in the community. The exercise
questionnaire, used to measure physical activity in this study, was
validated as part of the Auckland Heart Study Validation Project
(chapters 2-5). The research question is: Can physical activity and
or salt restriction further lower blood pressure in participants
treated with antihypertensive medication in a community setting.

7 .1.2. Participants
The original plan for this study was to identify a random sample of
general practitioners from the Auckland Region and from them
obtain a random sample of their treated hypertensive patients. lt
was decided to use patients on medication as this was the most
readily accessible source of persons with hypertension. Although
the majority of the initial group of selected general practitioners
agreed to participate only three of them provided more than a few
patients and it became necessary to advertise for participants.
Many General Practitioners agreed to provide patients for the study
but in reality this amounted to only one or two patients lrom each
GP. Many GPs said they liked the idea of the study but they were
recruiting for up to four pharmaceutical company studies.

It was decided to recruit participants on medication into the
study as a feasible way of obtaining a large group of hypertensive
patients. 'ldeally it would have been better to recruit patients with
elevated blood pressure, not treated with medication but this would
have been a very difficult group to obtain. An alternative approach
could have been to stop the medication but this would require a lar
higher budget and there would be concerns with safety. With a study
this size it is inevitable that there will be changes in medication
whether or not the participants are on or off medication at the
start of the study. All patients in this study were on medication at
the beginning of the study.
An article in a Sunday paper which described the study but did not
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disclose the study hypothesis resulted in large numbers of persons

wanting to be in the study.

The inclusion criteria were: Participants needed to have

essential hypertension, be treated with antihypertensive

medication and have a systolic blood pressure greater than 115 mm

Hg or a diastolic blood pressure greater than 70 mm Hg. They needed

to be between 20 to 69 years of age inclusive, with their

antihypertensive treatment being conducted by a primary care

doctor. Only patients with essential hypertension were eligible for

the study although the study did not undertake to investigate for

underlying causes. The other criterion was that the person be

sedentary in their work and home life. Participants were asked to

stay on the same dosage of medication for the duration of the study,

if possible, although those who changed after the baseline

interview were included in the study.

The exclusion criteria were: Any person was excluded if

they had end organ damage (angina, past history of myocardial

infarction, stroke or kidney damage with serum creatinine >o.12

mmol/l), immobility that would restrict the patienrs abitity to

walk (e.g. severe arthritis or lung disease); current blood pressure

greater than a diastolic of 105 mm Hg or a systolic blood pressure

greater than 180 mm Hg; currently performing regular moderate

activity. our definition ol regular moderate activity excluded

persons who were involved in more than 2 hours of moderate leisure

time activity per week other than housework or gardening. The

rationale for excluding those who are already habitually moderately
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active was that very little additional benefit has been found in such

people when asked to perform additional exercise (Jennings, 1987).

Moderate activity is defined as being greater than g METS (1 MET is

equivalent to the resting oxygen consumption for an average man

and women. Brisk walking is rated 4.5 METS; 3 METS = raking lawn).

7.1.3. Randomisation

Participants were randomised at the time of the baseline interview

(figure 7.1) into one of 4 groups i.e. salt restriction and exercise,

exercise, salt restriction alone and a control group. A factorial

design was used to enable two hypotheses to be examined. lt can be

viewed horizontally (figure 7.2) through the a--a axis as a study of

exercise versus no exercise. Thus the control group and the salt

restriction group become control groups for the exercise groups.

Viewed vertically, through the b---b axis, it is also a study of salt

restriction versus no salt restriction. This design allowed doctors

referring participants to the study to have patients in both arms of

the trial. Therefore the doctors were unblinded and although

contamination of the control group was possible it would have

required an active effort by the doctor to influence the study. This

was considered unlikely, given that the investigators were

controlling the intervention (i.e. the prescription of exercise and

salt restriction was initiated by the Auckland Blood pressure

control study). The doctors were asked not to discuss the study

with colleagues lor the duration of the study to avoid
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contamination of the control group. The consent procedure involved

asking the participant to be part of a study in which they may or

may not be asked to make a change in their lifestyle. The

participants in the four intervention sub-groups were thus blind to

each other's intervention.

The patients in each arm of the trial were asked to stay on

the same medication they were taking at the time of entry except

when there were strong reasons to change, such as large changes in

either systolic or diastolic pressures or where side effects were a

problem. The instruction to stay on medication applied to the 6

months of the study after which the participants were free to
change as they wished. Participants were also asked to not make

any conscious changes in their diet, salt or alcohol intake as these

can have an effect on blood pressure.
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Figure 7.1 Overview of the ABC Study

Auckland Blood Pressure Control Study

salt &

exercise
exercise salt control

recruit General Practice patients

baseline interview, BP, tests: n= 208

3 months: interview, BP, tests

6 months: interview, BP, tests: n=l81
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Figure 7.2 Factorial design
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7,1.4. Intervention

Physical activity intervention:

The participants in the two exercise subgroups were asked to brisk

walk for 40 minutes (in two periods if they wished) three times per

week. Equivalent activities such as golf, table tennis or swimming

were accepted if there was a particular resistance to brisk

walking. An appropriate build up period of exercise for those who

were inactive was determined by their own doctor. For those who

readily achieved the target level of activity during the study, an

additional increase in activity could have been advised at the

discretion of their doctor. Suggestions on how to achieve this

desired level of activity were provided in a written form for the

doctor (appendix D). All participants in the intervention group were

given a copy of the National Heart Foundation of New Zealand

pamphlet (National Heart Foundation, 1988) "Exercise and your

Heart" which includes details of how to build up to a regular pattern

of exercise. This pamphlet contains a description of how to measure

a pulse rate to ensure that one is within the target zone for 60-750/o

of maximum heart rate. Although participants and their doctors

could choose to undertake pulse rate measurement, it was not part

of the Auckland Blood Pressure Control study intervention. This

approach was chosen for two reasons. Firstly some lay people have

difficulty in finding their pulse and secondly those on medication,

such as beta blockers and verapamil that slow the heart rate, may
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not have been able to achieve the target pulse in spite of achieving

the desired level of exercise intensity.

There is general agreement that regular dynamic exercise,

three times a week, is practical and beneficial for general health

and cardio-respiratory fitness (National Heart Foundation, 1988),

(Keys, 1980), (Scragg, 1987). Brisk walking was chosen because it

is a safe and acceptable form of exercise compared with higher

intensity forms of activity such as jogging. The rationale for

choosing 40 minute per episode of exercise came f rom the

literatu re on exercise and hypertension where the minimum

effective duration of exercise was 30 minutes three times per

week (Arroll, 1992). Forty minutes of brisk walking, three times

per week is recommended as a means of exercising by the National

Heart Foundation of New Zealand (National Heart Foundation, 1988).

Although brisk walking is one of the more energetic activities in

the moderate range (Wilson, 1986) in terms of METS, these may

need to be adjusted for age and sex (Arroll, 1991a). As the Auckland

Blood Pressure Control study population, is generally older than in

other exercise and hypertension studies, brisk walking may

represent a more strenuous level of activity for the older

participants.

Salt restrlction Intervention:

The salt intervention involved the participants being asked to

decrease their use of: high salt foods; salt added at the table and

salt added to cooking. Each person was given (1) simple one page
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pamphlets, which could be pinned on a refrigerator door (Z) a
general article about salt and salt restriction and (3) an in depth
"encyclopedia" containing the salt content of all common foods
(appendix E). The "encyclopedia" was prepared by the Dietary
Department of Auckland Hospital and included New zealand food
content information where it was available.

After the baseline interview each participant was asked to
provide a 24 hour urine sample for estimation of the sodium
content. lt is important to note that this is not a true baseline
measurement as the three intervention groups had been allocated
their intervention at the time of sample collection. The aim of
collecting a sample at the start of the study was to give the salt
restriction groups some feedback on their 24 hour output. The
exercise only and control group were also asked to perform a
sample so that the four baseline groups would have the same
requirements. The results of this sample were given to the two
subgroups required to salt restrict as an encouragement to lower
their intake. At the 3 month check these two subgroups provided
another sample and were again informed of the results. On this
occasion the exercise only and the control group did not provide a
sample. This was not considered an imbalance in the study
architecture as the 24 hour urine nas regarded as part of the salt
restriction intervention. Although more than one 24 hour urine is
required to characterise an individual's usual intake the results of
these samples provided a useful stimulus particularly when the
result was high. The 24 hour urine sodium measures are presented
as grouped data rather than individual data to compensate for the
large within individual variability.
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Control interventions
All participants used a simple weekly diary keeping note of
injuries or health problems experienced during the week as well as
a record of compliance with medication. The purpose of the diary
was to maintain the behaviour of exercising and salt restriction and
to record the compliance with exercise and medication. The control
group were also asked to keep a diary and record health problems
and medication changes. A telephone call after one week was made
to all participants to ensure that there was no difficulty in
completing the diary and the 24 hour urine sample.

All participants were told at the beginning of the study that
they may or may not be asked to make some changes in their
lifestyle. The control group could assume that keeping the diary
was the required lifestyle change.

7.1.5. Data Collection

Location and stafl
To avoid any extra cost to the participants all interviews were
conducted at the Auckland Medical School rather than with their
own doctors. The building used was a bungalow, known as the pink

cottage, in the gardens of the Medical school and it provided a
suitable and pleasant outpatient facility. Interviews were
conducted with a maximum of 2 participants at any one time and
one and a half hours was allocated lor the baseline interview
although most persons could complete the interview within an hour.
This length of time was important for two reasons. First, it was
necessary to avoid keeping participants waiting in the waiting room
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to prevent contamination of information between participants.

Second, our participants were volunteers and were being asked to

return on two f urther occasions and we wished to avoid any

inconvenience to them.

The majority of the interviewing was undertaken by two

interviewers. Two interviewers were necessary to facilitate blind

measurement of the blood pressure. At the end of each interview all

visible items, that could identify the participants' intervention

group, were hidden to avoid unblinding of the person measuring the

blood pressure (i.e. the other interviewer). To avoid digit preference

Hawksley random zero sphygmomanometers were used. As discussed

in chapter six these sphygmomanometers do not provide blinded

blood pressure measurements.

Intervlewer administered questionnaire (Appendix C) At the

baseline interview each participant was asked about salt intake,

physical activity, psychosocial factors, alcohol intake, past

medical history, current and past antihypertensive medication.

Salt intake: The salt intake was measured by a validated salt

frequency questionnaire developed in Tasmania (Miller, 1988). The

salt frequency score asks the amount of times, each day, that salt

containing items are consumed by an individual. Each food item is

scored and the total gives a composite score.
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Physical activity: This was measured by the Auckland Heart

Study exercise questionnaire which is a validated three month

recall questionnaire of physical activity (Arroll, 1991c). The

details of this questionnaire and the validation process are

contained in chapters 2-5 and a copy of the physical activity

questionnaire and the seven day diary is in appendix A. At the 3 and

6 month follow-up interviews, study participants were asked when

they most recently exercised to monitor any acute effects of

exercise on lowering blood pressure.

Psychosocial questions: A modified version of those used in the

Auckland Heart Study and a mood questionnaire known as the Profile

of Mood States-Bipolar Inventory was used (Educational and

lndustrial Testing Service, San Diego, California, 1981). The results

of this part of the study will be reported elsewhere.

Medical history: This asked about past serious illness (also as a
check on the inclusion and exclusion criteria), past and present

medications, duration of hypertension and treatment, smoking and

alcohol use.

Twenty four hour urinary sodium: Sodium excretion is the best

measure of sodium intake (Swales, 1988). Measurement of the 24

hour sodium excretion was undertaken at the baseline and the six

month interview. The salt restriction group(s) had an additional 24
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hour urinary sodium to enable feedback to be given to them as part
of the salt restriction intervention.

Examination: A blood pressure measurement, blindly assessed, by
a person other than the interviewer, was obtained using a Hawksley
random zero mercury sphygmomanometer according to the method
described by Haynes et al (1984). Height, weight and pulse were
also recorded at the baseline, three month and six month interview.

Interview at three and slx months: Each study subject was
seen at 3 and 6 months. At these interviews an abbreviated version
of the baseline questionnaire was administered. In addition it asked
about personality type using a questionnaire to assess type A/B
personality (Rosenman, 1961). The results of this section are not
part of this thesis.

7.1.6. Outcome measures:
(i) The major outcome measure was change in systolic and diastolic
blood pressure. Other possible confounding variables, such as
weight change and alcohol intake, were also measured. Blood
pressure was measured according to the 1988 Report of the Joint
National Committee on Detection, Evaluation and Treatment of High
Blood Pressure (1988). The interviewers who performed the blood
pressure measurements were trained according to the procedures in
the Auckland Heart Study (Jackson, 1989). This involved listening to
training tapes and practising on staff members. Quality control
checks were made periodically during the study with one of the
principal investigators taking blood pressure measurements. The
blood pressure machines were checked on three occasions to check
that they remained calibrated. Participants with blood pressure
that was difficult to measure were also checked by one of the
investigators. Wide cuffs were available when required.

The participants had their blood pressure measured at the end
of each interview. Three measurements were taken and the average
of the last two was taken as the blood pressure. All participants
were seated with their right arm on the consulting desk. The two
desks were at the same height. The interview time was at the same
time of day for all three interviews. There was some small
variation as participants made adjustments to their own timetable
due to uncontrollable circumstances in their own lives. Any
variation on this would lead to random error and being a controlled
trial the measurement of blood pressure needed only to be
internally consistent. How the study blood pressure measurements
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relate to twenty four hour blood pressures is not known. Such
information would require equipment to measure 24 hour blood
pressure; such facilities were not part of this study and not
relevant to the internal validity of the study
(ii) Changes in other factors thought to influence blood pressure
were also measured including weight, dietary change, salt and
alcohol intake, medication dose and type, age and gender. Body
weight was measured by a counterbalanced scale which was
calibrated before the study and on one occasion during the study. lt
was the same weighing machine as used in the Auckland Heart Study
(Jackson, 1989).
(iii) changes in 24 hour sodium excretion. This was measured by
Diagnostic Laboratories Ltd using standard methods.
(iv) Changes in total cholesterol and high density lipoprotein levels.
These were measured at Greenlane Hospital using the standard
technique used in the Auckland Heart Study (Jackson, 1g8g).

7.1.7 . Scoring system for medication
Although the participants in this study were asked to maintain
their baseline dose of medication some changes did occur. To adjust
for this a system of scoring was developed to allocate a score to
each medication. This was done by allocating a score of 60 units for
the maximum dosage as recorded in the New Ethicars Drug
Compendium 1989. For example the maximum dosage of propranolol
is 320 mg/day for hypertension. Therefore a dairy dosage of go mg
was scored as 15 units while 160 mg/day was given g0 units and
320 mg/day, 60 units. some of the dosage levels seem very high and
would rarely be used in a general practice setting. A similar system
has been used in another study (Fahrion, lg8o). Although this
scoring system has some face validity there is no way o f
determining its external validity. lt is internally consistent and
therefore accounts for changes in medication. The list is a mixture
of generic and trade names and reflects the medication as reported
by the participants.
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Name: Ma-imum desage

(max dose = 60 units)

Diuretics:
Frusemide

Moduretic

Aldactone

Dyazide

Hygroton

Navidrex

Bendrof lu razide

Indapamide

Hydrochlorth iazide

Beta Blockers

A lpre no lol

Trasicor

Betaloc/metopro lo I

Blocadren

Corgard

Tenormin

Visken

Soltalol

Sectral

80 mg

2 tablets

200 mg

2 tablets

50 mg

1.5 mg

10 mg

2.5 mg

50 mg

1040 mg

320 mg

200 mg

60 mg

120 mg

100 mg

30 mg

640 mg

800 mg



Calcium Channel Blockers
Verapamil
Adalat
D iltiazem
Felodipine

ACE inhibitors
Renitec
Zestril
Captopril
Prinivil

Alpha/Beta Blockers
Trandate

Central Acting
Aldomet
Catapres TTS 1

Catapres TTS 2
Catapres TTS 3

V asodi I ator
Minipress
Apresoline

Combination medications
These are broken down into their
is 250 mg of Aldomet = 5 units
18 units.

164

480 mg

120 mg

360 mg

20 mg

-20m9
-80m9
= 200 mg

-80m9

= 400 mg

= 3000 m9

= 20 units

= 40 units

= 60 units

-20m9
= 200 mg

components. For example Hydromet
and 15 mg of hydrochlorthiazide =
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7.1.8. Sources of Bias:

The main advantage of using a randomised controlled trial study

design is that confounding is reduced although in small studies

randomisation may not eliminate confounding. Other sources of bias

are still possible due to expectation bias, contamination and co-

intervention. Haynes et al (1984) were able to circumvent the

possibility that their weight loss group would diet rapidly in the

week prior to their final interview by making a home visit at short

notice to weigh their participants in their homes. They found that

this did not significantly differ f rom the weights found at the

initially planned weigh in. Short notice home visits to check blood

pressure were not made in the Auckland Blood Pressure Control

Study as (i) this had been shown by Haynes et at (1984) to not be a
problem (ii) a home visit would present a major cost and logistical

problem.

Contamination and co-intervention was anticipated as the

participants were volunteers and therefore keen to make lifestyle

changes whether as part of the study or in spite of the study. Both

contamination and co-intervention are problems in community

based studies especially when the interventions (exercise and salt

restriction) are not able to be blinded.

A major criticism of the literature on exercise and

hypertension is that almost all of the studies have not used blind

assessment of blood pressure (Arroll, 1992). All the blood pressure
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measurements in the Auckland Blood Pressure Control study were

recorded blindly by someone other than the interviewer; the blood

pressure recorder was not the person who interviewed the

participant and hence did not know their intervention group

identity.

A further source of bias was from changes in medication

which could result in a drop in blood pressure due to an increase in

medication and vice versa. This was monitored by the medication

scoring system described in section 7.1.7. Compliance with

medication was asked about at the three and six month interviews.

7.1.9. Coding and analysis

The physical activity questionnaire recorded the type of activity

and the duration. Each type of activity can be subdivided into

intensity categories (i.e. light, moderate or vigorous) and allocated

a MET (one metabolic equivalent) rating. One metabolic equivalent

(1 MET = 1 kcal/kg) is the energy expended by a person while sitting

at rest. Moderate activities were defined as activities requiring an

energy expenditure of 3-4.9 METs. Vigorous activities were defined

as

sleep/rest, light, moderate, and vigorous; the average MET values

assigned were 1, 1.5, 4 and 6 respectively. The product of the MET

value and the time in hours spent in that activity gives an energy

expenditure value in Kcal/kg (e.9. brisk walking = 4.5 METs and when

performed tor 2 hours/day gives a value of 9 Kcalftg). The MET
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values, for particular aclivities, used in this study are described by

Wilson et al (1986).

Data was analysed using the General Linear Model for repeated

measures for continuously distributed variables and chi-square for

discrete variables. The general linear model is the most appropriate

method of analysis for repeated measures and changes over time.

7.1.10. Statistical Power:

Sample size calculations were carried out on blood pressure using

single sided tests of significance. The sample size calculations

trom other studies used different standard deviations from those

obtained from Auckland data (Jackson, 1990). Haynes et al (1984)

used a standard deviation for diastolic blood pressure of 8.7 mm Hg

but did not state if this was the intraperson or interperson figure.

From Auckland Risk Factor study data, the intraperson standard

deviation for blood pressure was 6 mm Hg whereas the interperson

standard deviation for diastolic blood pressure was 10 mm Hg and

15 mm Hg for systolic blood pressure (Jackson, 1984). MacMahon et

al (1985) obtained similar sample size estimates to those of

Haynes but did not state the standard deviation used.

For a one sided test a sample of 48 persons per group is

required (with an alpha error value of 0.05 and a beta error value of

0.1, a 6 mm Hg drop in diastolic blood pressure and a standard

deviation of 10 mm Hg).One hundred participants per group was

chosen to adequately account for withdrawals and to facilitate sub-
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group calculations for particular types of medication. Using figures

from 1986-87 it was estimated that the approximate percentage

of anti-hypertensives used would be: 30/" beta blocker; 30/"

diuretic; 15/o calcium channel blockers and 15o/o angiotensin

converting enzyme inhibitors (Sinclair, 1988). By using a final

sample size of approximately 200 participants there would be at

least 30 patients on at least one of the four most commonly

prescribed medications.

7.2.1. Summary:

The Auckland Blood Pressure Control study was a factorial design

randomised controlled trial of physical activity and salt

restriction. The participants for the study were healthy persons

being treated, in community settings, with medication f o r

hypertension. The interventions were brisk walking for at least

forty minutes three times per week and salt restriction. The

participants were examined at a three and six month interview and

the main outcome measures were systolic and diastolic blood

pressure measured by blinded assessors. The physical activity was

measured by a validated questionnaire. The sodium intake was

measured by a salt frequency score and 24 hour urine samples.
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Chapter 8: Results from Auckland Blood
Pressure Control Study

8.1 .1 Introduction

8.1 .2 Results

Tables 8.1-8.9: Baseline and initial
measurements

Tables 8.10-8.1 5: Analysis of the two
exercising subgroups versus the two
non-exercising subgroups,

Tables 8.1 5-8.19: Univariate analysis and
multivariate analysis of two salt
restricting subgroups versus the two
non salt restricting subgroups.

Tables 8.20-8.28: Univariate analysis and
multivariate analysis by the four subgroups

Tables 8.30-8.35: Body weight, alcohol intake,
?4 hour sodium excretion and lipids

Tables 8,36-8.47: Age and gender subgroups

Tables 8.48-8.52: Medication changes and
non-pharmacological therapies.
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8.1 .1 Introduction

This chapter reports the results of the Auckland Blood Pressure

Control Study. The analyses described in this chapter examine

factors such as alcohol intake and body weight which have an

influence on blood pressure. Also included are data relevant to

physical activity and salt intake which are the major independent

variables in the Auckland Blood Pressure Control Study. Other

information collected, such as mood state and dietary data, are not

repofted here.

The results are presented with an emphasis on the four

subgroups rather than the two group factorial analysis. This was

done as a result of an interaction between the salt and exercise

group (Anova test on systolic blood pressure at three months;

interaction between salt and exercise p=0.04, salt effect p=0.91

and exercise effect p=0.11). Some of the analysis examines the

factorial analysis while the major examination is on the four sub-

groups.

Figures relating to the data are included throughout the

chapter while tables 8.1 to 8.52 are at the end of the chapter.
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8.1 .2 Results

Tables 8.1 to 8.9: Baseline and initial measurements

The baseline systolic and diastolic blood pressures of the four

sub-groups are shown in table 8.1 . This table includes the 37

persons who started the study but did not complete it. The

remaining tables (i.e. tables 8.2 to 8.52) include only the 181

persons who completed the study. The proportion of persons having

an initial interview and who completed the 6 months of study was

87oA (181 /208). The proportions of persons completing the study

within each subgroup are shown in table 8.1 and varied from 86 to
8*/o.

The means for systolic blood pressure in the four sub-groups

were virtually identical while there was some variation in the

mean diastolic blood pressures. The standard deviations ranged

from 8.8 mm Hg to 10.9 mm Hg for diastolic blood pressure and 1 5.8

mm Hg to 18.1 mm Hg for systolic blood pressure. These standard

deviations are greater than those used to calculate the sample size

(taken from the Auckland Heaft Study Controls the majority of

whom were untreated) and this probably reflects the fact that the

participants in the Auckland Blood Pressure Control study were on

antihypertensive medication. Additional analyses were done to

assess the influence of the individual blood pressure assessors on

the high baseline diastolic blood pressure in the control group

(group D) and no differences between observers were found.

Attempts were made to avoid the blood pressure assessor from
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knowing the intervention allocation for the participants. The

unblinding of the assessors is a possibility and may explain the high

baseline diastolic blood pressure in the control group (group D).

Table 8.2 shows the baseline three month and six month

characteristics for all participants. Figure 8.1 shows the changes in

systolic and diastolic blood pressure, for all participants, during

the study. The mean systolic blood pressure declined from the

baseline value of 144.6 mm Hg to 132.9 mm Hg at the three month

interuiew rising to 137.3 mm Hg at the 6 month interview. A

similar pattern is seen for the diastolic blood pressures. The mean

alcohol intakes showed a gradual rise over the six months. The mean

total and moderate activity, in Kcal/kg/day, showed a rise at the

three month interview which persisted at the 6 month interview.

The mean vigorous activity in Kcal/kg/day rose from the baseline

value but fell to below the baseline level at the six month

interview. This may be due to the small number of persons (i.e. 7o/o)

reporting vigorous physical activity. The mean ?4 hour sodium

excretion, in mmol/day, for the baseline, three month and six month

interviews is also shown. The exercise only (group B) and the

control group (group D) did not perform a 24 hour urine test at the

three month interview as this was only done for the salt

intervention groups (i.e. groups A and C).

The baseline characteristics in terms of demographic data,

socioeconomic and social status, medication duration, alcohol

intake and smoking status for the participants who completed the

study are shown in tables 8.3 to 8.6. The mean age for all

participants was 55 years and there were more men in the study
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than women. There were more non-drinkers among the women (zzo/o)

than the men ( 14o/o) and the men had a higher intake of alcohol than

the women. The majority of pafticipants (56%) were referred by 1z

doctors and almost all others were self referrals either f rom an

item in the sunday Star, f rom advertisements in suburban

newspapers or from an item that appeared in the university of

Auckland News magazine. None of these afticles divulged the study

hypothesis. Six participants were recruited from the Auckland

Heart Study register. All of the participants were being managed in

the community by general practitioners with the exception of two

who gave the names of specialist physicians as their primary

medical advisor. They were included in the analysis as their
treatment was conducted in a community rather than a hospital

setting and their physicians acted as primary care physicians.

Table 8.7 shows the proportion of medications being

prescribed to the participants with the denominator being

medications prescribed. The medication scores used in this table

are described in chapter 7. Combinations of medication such a

Viskaldix are listed in their component parts; for exampre,

Viskaldix is listed as a beta blocker and a diuretic. Labetalol is
shown separately as it is both an alpha and beta blocker. Also

shown are the medication scores, described earlier, for all

participants. There was a decrease in total medication at the three

month interview and a further decrease at the six month interview.

Tabfe 8.7a shows the proportion of medications by intervention

subgroup.
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The baseline characteristics by intervention group for the

participants who completed the study are shown in table 8.8. The

results from the salt frequency questionnaire were recorded at the

baseline interview, before the participants were notified which

intervention they were to follow. The 24 hour urine samples were

taken after the participants had been notified of their intervention

group and the variation in the results may be a reflection of this

factor. This order of obtaining data was a logistical expediency as

it would have been very difficult to have obtained the ?4 hour urine

samples in advance of the baseline interview. Also the true baseline

values would be expected to be very similar as a result of the

randomisation process. The means for vigorous activity were higher

in groups C and D which correspond to slightly lower means for the

moderate activity in these two groups. This may in part be due to
misclassification of the intensity of activity as well as being due

to the small amount of vigorous activity performed by the

participants. The low score for the ?4 hour sodium excretion for
group c probably reflects the fact that this group was aware of

their intervention at the time of performing the 24 hour urine test.

The participants in group A were also aware of the intervention at

the time of performing the ?4 hour urine test while the result for

group D is probably the best reflection of the baseline state. The

means for the salt frequency score are very similar as they were

performed before the interventions were allocated are a valid

representation of the baseline state.
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Characteristics at the end of the stud

The characteristics of all participants at the end of the study (i.e.

at 6 months) are shown on table 8.9. The means for systolic blood

pressure and diastolic blood pressure are all lower than the

baseline values. The systolic pressures for groups B and C show a

greater decline than groups A and D. The means for body weight are

lower than their baseline values except for group D. The means for

alcohol intake are higher than the baseline values and may be due to

increased ease in reporting the consumption of alcohol. The means

for total activity and moderate activity are higher for all groups.

The vigorous activity is paradoxically lower for groups A, B and C

and may be a reflection of the small numbers of participants

involved in this level of activity. The values for the ?4 hour urine

sodium and the salt frequency questionnaire are more congruent

than results from the baseline interview as at this stage of the

study all participants were equally aware of the intervention and

hence were equally aware when they answered the questionnaire

and performed the 24 hour urine test. The means for 24 hour sodium

excretion for groups A and C are of the same magnitude and

consistently lower than for the non-salt restricting groups. The

means for the salt frequency score show the same pattern as the 24

hour sodium excretion results.

Summary tables 8.1 to 8,9; Initial and
baseline measurements

The baseline values

pressure were nearly

initial participants

while there was

for systolic blood

a difference in the

for the

identical
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baseline diastolic pressures. The majority of participants were

European with relatively high education standards and 87o/o of the

participants completed the study. The mean age of the participants

was 55 years and the most commonly prescribed medications were

betablockers and diuretics. While physical activity increased in all

four sub-groups from the initial to the six month interviews the

two exercise sub-groups had increased more than the non-

exercising subgroups. The twenty four hour sodium excretion values

were lower in the salt restricting groups than in the non-salt

restricting groups at the six month interview.

Tables 8.1 0 to 8.1 5: Analysis of the two exercising
versus the two non-exercisi

The factorial design of this study allows the combined exercise

groups to be compared with the combined non-exercising groups.

The same comparisons can be done for the two salt restricting

groups. As mentioned in the introduction to this chapter there is an

interaction between the salt and exercise groups. As a consequence

of this it was decided to perform the main analyses for this study

in the four sub-groups.

The characteristics of participants who completed the study,

by pairs of exercising and non-exercising subgroups, are shown in

table 8.10. Figures 8.2 and 8.3 show the systolic and diastolic blood

pressure, in the pairs of exercising and non-exercising subgroups,

during the study. The means for systolic blood pressure for the

combined exercise groups (A and B) were similar to those for
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Fig 8.2 Systolic blood pressure (mmHg) at baseline, 3
months and final interview (g months) for two exercise
groups (A & B) versus the two non-exercising groups(C& D).
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Fig 8.3. Diastolic blood pressure (mmHg) at baseline, 3
months and final interview (6 months) for two exercise
groups (A & B) versus the two non-exercising groups(C&D).
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combined non-exercising groups (c and D); both showing a fall at

the three month interview and a small rise at the 6 month

interview. The means for diastolic blood pressure for the combined

exercise groups (A and B) fell less than the means for the combined

non-exercising groups (c and D). The means for total and moderate

physical activity for the combined exercising groups showed a

steady increase from the baseline to the three month and six month

interviews respectively. The means for total physical activity for

the combined non-exercising groups showed an increase at the three

month interview and then a decrease at the six rnonth interview.

The only differences in physical activity between the exercising

and the non-exercising groups were seen at the six month

interview. The physical activity questionnaire asked about
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information over the previous three months and the information

gained at the six month interview may therefore be more applicable

to the three month interview. The mean for vigorous physical

activity in kcal/kg/day, for the groups A and B combined increased

from the baseline to the three month interview then decreased to

below the baseline value. The means for vigorous physical activity

for the groups C and D showed a steady increase at the three month

and six month interview respectively.

Univariate analysis and multivariate analysis of two exercising
subgroups (groups A+B) versus the two non-exercising subgroups
groups (C+D).

Table 8.1 1 shows the change in the systolic pressure in mm Hg from

baseline to three months and baseline to six months. The combined

exercise groups (i.e. A and B) had a non-significant 2.4 mm Hg

greater reduction in blood pressure at the three month interview

than the control groups (i.e. C and D). At the six month interview the

difference of the mean of the differences was negligible at 0.6 mm

Hg. The multivariate analysis for the repeated measures using the

General Linear Model is shown on table 8J2 and the p values were

o.17 and 0.65 at the three month and six month interviews

respectively.

Table 8.13 and 8.14 show similar analyses for the diastolic

blood pressures and are performed in a similar fashion to tables

8.11 and 8.12. At the three month interview there is a slight trend

in favour of a greater reduction of diastolic blood pressure in the

control group rather than the intervention group while the reverse

occurs at the six month interview. The results for the diastolic



181

blood pressure are less consistent than the trends seen for the

systolic blood pressures.

Summary tables 8.10 to 8.15: Analysis of the two
exercising subgroups versus the two non-exercising

There was a greater reduction in systolic blood pressure in the

combined exercising group than in the combined control groups (i.e.

groups C+D) at three months although this was not statistically

significant. The reductions in diastolic blood pressures at both the

three and six month interviews were not statistically significant.

The systolic blood pressure reduction at the six month interuiew

was also not statistically significant. The multivariate analysis

controlled for baseline differences in weight, alcohol consumption,

blood pressure, salt frequency score, total physical activity and

medication score. Differences in levels of moderate and total

physical activity between the combined exercising groups (i.e.

groups A+B) and the respective control groups (i.e. groups C+D) were

only apparent at the six month interuiew.

Tables 8.1 5 to 8.19: Univariate analysis and multivariate
analysis of two salt restricting subgroups vercus the two
non salt restric

Table 8.1 5 shows the characteristics for the salt restriction

groups, A and C compared with the no-salt restriction groups, B and

D. Figures 8.4 and 8.5 show the systolic and diastolic blood



182

pressures for the salt restriction groups, A and C compared with

the no-salt restriction groups, B and D, during the study. The means

for systolic blood pressure for the combined salt restriction groups

(A and C) and the combined no-salt restriction groups (B and D)

showed a reduction at the three month interview and a small rise at

the 6 month interview. The means for 24 hour urine sodium

excretion and standard errors of the mean, in mmol/day, for the

combined salt restriction groups were: 120.2 t 5.0, 108.5 + 5.0,

117.6 t 6.0 for the baseline, three month and six month interview

respectively. The means for ?4 hour urine sodium and standard

errors of the mean, in mmol/day, for the combined no-salt

restriction groups were: 136.3 + 6.0 and 134.9 t 7.8 for the

baseline, and six month interview respectively. The 24 hour urine

was not measured for the B and D groups at the 3 month interview.

The means for the salt frequency score were similar at the baseline

interview and the means for the salt frequency score for the

combined salt restriction groups remained steady over the three

interviews. The means for the salt f requency scores for the

combined salt restriction groups were reduced at the three month

interview and increased slightly at the six month interview. This

was the same pattem as for the 24 hour urine sodium values.
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Fig 8.4. Systolic blood pnessure (mmHg) at baseline, 3
months and final interview (6 months) for the two salt
restriction groups (A & C) versus the two non salt
restricting groups.
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Figure 8.5. Diastolic blood pressure (mmHg) at baseline,
months and final interview (6 months); for salt
restriction (group A+C) vers;us no salt restriction (group
B+D).
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Table 8.1 6 shows the changes in the systolic pressure in mm

Hg from baseline to three months and baseline to six months. The

multivariate analysis for the repeated measures using the General

Linear Model is shown on table 8.17 and the p values were 0.38 and

0.84 at the three month and six month interviews. This confirms the

results from table 8.16 that there is no significant difference for

systolic blood pressure between the combined salt restriction

groups and combined no-salt restriction groups.
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the combined non-salt restricting groups. The combined salt-

restricting groups (i.e. A and c) had a non-significant .|.3 mm Hg

smaller reduction in blood pressure at the three month interview

than the control groups (i.e. B and D) and a standard error of 1.6 mm

Hg. At the six month interview this finding persisted and the

difference of the mean of the differences was 1.5 mm Hg. The

multivariate analysis using the General Linear Model is shown on

table 8.19 and the p values were 0.54 and 0.52 at the three month

and six month interviews.

The systolic and diastolic blood pressures show a fall at the three

month interview and rise at the six month interview. Neither the

systolic nor diastolic blood pressures in the combined salt

restriction group showed a significantly greater reduction when

compared with the control group. The twenty four hour urine sodium

at the baseline is lower than expected for groups A and C combined

and probably reflects the fact that these groups were aware of the

intervention. (a detaibd explanation of this aspect is on p 152)

* the univariate analysis for the subsequent tables does not assess
statistical significance as the a priori analysis was a multivariate
analysis controlling for the following baseline variables: weight,
alcohol consumption, total physical activity, salt frequency score
and medication score. Statistical testing on the univariate analysis
would contravene the multiple comparisons of data rule.

Summary tables 8.15 to
multivariate analysis of
versus the two non salt

8.19: Univariate analysis and
two salt restricting subgroups
restricting subgroups.
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and six month interviews for systolic blood pressure. Figures B.G

and 8.7 show the systolic and diastolic blood pressures, by the four

subgroups, during the study. At the three month interview both the

exercise only and the salt restriction only groups show a greater

reduction for the interventions when compared with the controls.

This effect is much smaller in subgroup A, which was a combination

of salt restriction and exercise. This suggests an interaction

between salt restriction and exercise. The differences between the

systolic blood pressures in groups B and D are smaller at the six

month interview.

Table 8.21 shows the results for systolic blood pressure for
the baseline, three month and six month interviews. The general

pattern of change in blood pressure is for all the groups to decrease

at the three month interview and then to increase at the six month

assessment but not returning to the original levels. The time of
year may have been a factor as the three month interview occurred

during the summer, starting in December and finishing in early

March; the six month assessment was done after March (see

coments on season p275). At the three month interview the

difference between group B (exercise) and D (controls) was

significant (p=0.04) as was the salt restriction (group C) compared

with the control group D (p=0.03). At the six month assessment the

comparisons were all non-significant.

Tabfes 8.2O to 8.28: Univariate analysis and multivariate
analysis by the four suborou

Table 8.20 shows the analysis by the four subgroups at the three
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Fig 8.6. Systolic blood pressure at baseline, 3 months and
6 months for the four study sub-groups: group A, exercise
and salt restriction; group B exercise only; group C salt
restriction only; group D control group.
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Fig 8.7. Diastolic blood pressure at baseline, 3 months and
6 months for the four study sub-groups: group A, exercise
and salt restriction; group B exercise only; group C salt
restriction only; group D control group.
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Table 8.21a shows the changes in blood pressure from the
baseline to the three month interview for the four most commonly
prescribed medications. There were no significant effects for the
three intervention groups.

Table 8.?2 shows the differences between the three month
and six month measures for systolic blood pressure compared with
the baseline values for the four intervention subgroups.

Table 8.23 shows the change in the differences in blood
pressure by alcohol intake. This is included as alcohol was a

significant variable (p=O.OO94) in the multivariate model. This was
the only variable that was significant other than the exercise and
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8.23 reflects this as changes in systolic blood pressure are

greatest in the participants who consume the least alcohol.

Table 8.24 shows the analysis by the four subgroups at the

three and six month interviews for diastolic blood pressure. Both

the comparison of the three and six month interview with the

baseline show the three intervention groups (A, B and C) having a

smaller reduction in blood pressure than the control group. The

baseline diastolic blood pressure was unexpectedly higher than the

other three groups and when this is controlled for in the

multivariate model (table 9.25) there are no signif icant

differences.

Table 8.25 shows the results for diastolic blood pressure for
all four groups at the three interviews. The analysis for this table

was the same as used in table g.zl and controlled for the same

variables. Table 8.?6 shows the differences between the three

month and six month measures for diastolic blood pressure

compared with the baseline values. The value of 6 mm Hg at the

three month interview for the control group reflects the high

baseline value for the diastolic blood pressure.

Table 8.27 shows the number of participants showing a

decrease, increase and no change in systolic blood pressure between

the three interviews. The only statistically signif icant differences

were for groups B (exercise only) and group C (salt restriction only)

when compared with the control group (group D) for the three

month-baseline comparison. The p value for the chi squared test for
group A for the three month-baseline comparison was o.?1 . Table

8.28 shows the same analysis for diastolic blood pressure and none



of these comparisons were

average number of days from

and six month interview.
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significant. Table 8.?9 shows the

the baseline interview to the three

Summary tables 8,20 to 8.29: Univariate analysis and
multivariate analysis by the four

As a consequence of the interaction between the salt restriction

and the exercise intervention the main analyses have been

performed on the four sub-groups. Both the exercise only and salt

restriction only interventions produced statistically signif icant

reductions in systolic blood pressure when compared with the

control group (group D) at the three month interview. This persisted

at the six month interview but was no longer statistically

significant. Diastolic blood pressure did not show any statistically

significant differences for the intervention groups when compared

with the control groups at the three and six month interviews. Both

the exercise only and salt restriction groups had a statistically

significant number of participants reporting changes in systolic

blood pressure at the three month interview but not at the six

month interview. The same analysis for the diastolic blood pressure

was not significant at either interview. A high alcohol intake was

associated with smaller reductions in systolic blood pressure when

analysed by salt restriction groups. This pattern was not seen in

the exercise only group nor the exercise and salt restriction group.
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ables 8.3O to 8.35: Body weight, alcohol intake, 24 hour
sodium excretion and I

Table 8.30 shows physical activity by moderate, vigorous and total

activity, where energy spent in total activity is the sum of energy

spent in sleep, light, moderate and vigorous activity. Figures 8.8

and 8.9 show the moderate and total activity at the baseline, three

month and six month interview. The three month interview occurred

during the summer months and the total activity for all four groups

increased at that time. At the six month interview only the two

exercise groups ( i.e groups A and B) continued to increase or

maintain their total activity. A similar pattern is seen for
moderate activity. There are no trends in the vigorous activity

section of the table.

Table 8.31 shows the mean and median time in hours from the

last physical activity to the interview time and there is no trend in

these values at the baseline interview while at the three month

interview all three intervention groups (i.e. groups A, B, c) reported

decreases in both the mean and median times since last activity. At

the six month interview the mean time since last activity increased

for all groups except group C which reported a decline. The values

for the median times since last activity at the 6 month showed a

further reduction in both groups B and C. The overall reductions in

the median times since last physical activity from baseline to the

six month interview was greatest for groups A and B, with Z0 hours

and 19 hours respectively while group C had a 6 hour reduction and

group D a 20 hour increase. The median value may be more
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Figure 8.8. Moderate activity in kcal/kg/day at baseline,
months, 6 months by the four intervention subgroups.
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Figure 8.9. Total activity in kcal/kg l&ay at baseline, 3
months, 6 months by the four intervention subgroups.
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appropriate than the mean value as the latter is affected by

extreme values.

Tables 8.32 to 8.35: other variables; alcohol intake, body weight, 24
hour sodium excretion, lipids.

Table 8.3? reports the alcohol intake in gms/day and body weight in

kg of the four sub-groups over the three interviews. At the three

month interview all but group A report an increase in their alcohol

level although group A does show an increase at the six month

interview. Group C shows an increase at the six month interview

while groups B and D show a decrease. Both groups A and B had a

small increase at the six month interview compared with the

baseline values while groups c and D show a marked increase. The

three intervention groups show a reduction in weight at the three

month interview that is maintained at the six month interview

while the control group (group D) has an increase in weight at both

interviews. The means for arterial pulse rate are also shown on

table 8.32 and show no consistent pattern nor any effect with time

and exercise category.

Table 8.33 shows the results of the twenty four hour sodium

excretion and salt frequency questionnaire. The twenty four hour

sodium excretion was not measured in the exercise only and the

control group at the three month interview. The baseline values and

six month values for ?4 hour sodium and the salt frequency scores

have been discussed (tables 8.8 and 8.9). Both groups A and C show a

reduction in ?4 hour sodium excretion at the thrce month interview
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with a slight rise at the 6 month interview. At the six month

interview the combined salt restriction groups (A and C) have lower

twenty four hour sodium excretion than the combined no-salt

restriction groups (B and D). The same pattern occurs with the salt

frequency score. Table 8.33 also shows an analysis comparing the

24 hour sodium excretion rates for the salt restriction groups (A

and C) with the other groups (B and D) using the chi squared test for
proportions. Median values are used for this analysis as the extreme

lower values of twenty four hour sodium excretions are likely to be

due to insufficient collections and the use of median values reduces

the influence of outliers. For the combined salt restriction groups

(A and c), at 6 months, the median value was r 06 mmor/day and

there were 60 participants above this value and 32 below. The

median values for the combined no-salt restriction groups (B and D)

was 1 19 mmol/day. The p value for chi squared for proportion of
persons above and below the median in the groups A and C combined

compared to groups B and D combined, was 0.14.

Table 8.34 shows the median and range for the twenty four

hour sodium excretion for the four subgroups (A,B,c and D) from

baseline to the three and six month interviews. To compensate for

the fact that the baseline 24 hour sodium estimate was performed

after the participants were notif ied of the interventions the

calculation at the bottom of table 8.34 assumes that the baseline

value for groups A, B and C were the same as group D. A chi-squared

analysis for proportion shows a statistically significant reduction

for both groups A and c from the baseline to the three month

interview.
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Tables 8.35a and 8.35b show the values for serum total

cholesterol, triglycerides, low density lipoprotein and high density

lipoprotein overall and for the four sub-groups at the baseline

interview and final interview. The means for total cholesterol show

a small but uniform increase over the 6 months of the study. The

means for (non-fasting) serum triglyceride show the same pattern

over the 6 months as the means for the total cholesterol. The means

for low density lipoprotein show a mixed pattern of change over the

6 months. The means for high density lipoprotein show a very small

rise for the exercise groups A and B and this is consistent with the

literature on physical activity and high density lipoprotein.

Summary tables 8.30 to 8.35b: Body weight, alcohor intake,
?4 hour sodium excretion and lipids

All four subgroups increased their total physical activity at the

three month interview although only the two exercise intervention

groups showed a further increase at the six month interview. The

changes in the mean and median hours since last physical activity

showed an increase for group D (control group) and decreases for
the other three groups at the three month interview. when

measuring median hours since last physical activity groups B and C

had a further decrease from the three month interview to the six

month interview while the other two groups had an increase. This is
an example of group A behaving differently from the other two

intervention groups. All intervention groups lost weight while the

control group gained weight. The two salt restriction groups had a

significantly greater reduction in sodium excretion than the non-
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salt restricting groups. Af ter adjusting for the fact that the
participants knew the intervention allocation at the time of
performing the 24 hour urine, there is a statistically significant

reduction in the sodium excretion between the salt restricting

groups and the non-salt restricting groups.

ables 8.36 to 8.47: and r

The characteristics at the baseline and six month interviews, by

?g€, are shown in table 8.36. The means for systolic blood pressure

for participants 55 years old and below and those above 55 years of

?g€, in mm Hg, were: 139.4 and 149.1 for the baseline interview

respectively. The same pattern was seen for the systolic blood

pressures at the 6 month interview with the older group having a

higher systolic (141.6 mm Hg) than the younger group (132.3 mm

Hg). For diastolic blood pressures the mean values at the baseline

interview were slightly higher for the older group and this

difference was reduced at the six month interview. The means for
body weight showed a higher weight for the younger group at both

interviews.

The systolic blood pressures for the participants, by subgroup

and age in years, are shown in table a.37. Figures 8.ro and 9.1 l
show the systolic and diastolic blood pressures, by younger versus

older participants, during the study. The means for systolic blood

pressure for participants aged over 55 years were consistently

higher than for those aged 55 years and younger. All eight

categories (4 intervention subgroups by gender) showed a decrease

in mean systolic blood pressure at the three month interview and a



198

Figure 8.10 Mean systolic blood pressure in mm Hg by
participants aged 55 years and younger vercus those aged
over 55 years.
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Figure 8.1 1 . Mean diastolic blood pressure in mm Hg by
participants aged 55 years and younger versus those aged
over 55 years.
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small increase at the six month interview. The reductions in the

means for systolic blood pressure for groups A and B were larger in
the older sub-groups. There was little difference in the reduction in

group C between the older and younger age groups. ln group D the

younger group repofted a greater decrease than the older group over

the six month study period.

Table 8.38 shows the univariate analysis for systolic blood

pressure for participants above 55 years of age and ?t, or below

this age. The results of this subgroup analysis suggest that there is

little difference in the response of these age groups. Table g.4o

shows the same analysis for diastolic blood pressure.

The diastolic blood pressures for the participants, by group

and age in years, are shown in table 8.39. The means for diastolic

blood pressure for participants aged over 55 years were lower than

for those aged 55 years and younger except for group D. All eight

categories showed a decrease in mean diastolic blood pressure at
the three month interview and a small increase at the six month

interview. There was no consistent pattern in the changes in

diastolic blood pressure at the three and six month interviews. ln

group A there was a greater reduction in diastolic blood pressure at
the three month interview for the older pafticipants with a reverse

trend at the six month interview. The only other marked difference

was in group B at the three month interview where the decrease in

systolic blood pressure was greater in the younger group.

Table 8.41 shows the baseline characteristics for female and

male participants. The systolic and diastolic blood pressures and

the mean ages were similar. The means for body weight and alcohol
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intake were markedly higher for the male participants. The means

for total activity were similar while women reported more

vigorous activity and men reported more moderate activity. These

activity scores are reported in Kcal/kg/day and hence are

independent of body weight. The mea n 24 hour sodium excretion for

women was 114.1 mmol/day while for men it was 141 mmol/day.

The means for the salt frequency scores were similar. The salt

frequency scores are a measure of the frequency of usage and hence

do not distinguish the absolute amounts consumed by men and

women.

Table 8.4? shows the characteristics at the 6 month

interview for female and male participants. The systolic and

diastolic blood pressures were similar. The means for body weight

showed a decrease for women and no change for men from the

baseline values. The means for alcohol intake and total activity
were higher for both groups. Women reported more vigorous activity
while men reported no vigorous activity. Both men and women

reported an increase in moderate activity. The mea n 24 hour sodium

excretion for women was 112.0 mmol/day while for men it was

137.9 mmol,/day, both values being marginally lower than the

baseline values. The means for the salt frequency scores were

similar but decreased from the baseline values .

Table 8.43 and 8.44 show the univariate analysis for men and

women for both systolic and diastolic blood pressure. There is no

consistent pattern although women showed a greater reduction than

men for systolic blood pressure at the six month interuiew. The
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Figure 8.12. Systolic blood pressure (in mm Hg) at baseline
by gender at baseline, 3 months and six month interview.
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Figure 8.13. Diastolic blood pressure (in mm Hg) at
baseline by gender at baseline, 3 months and six month
interview.
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reverse occurred for men for diastolic blood pressure at the three

month interuiew.

Table 8.45 shows the baseline characteristics in terms of the

systolic and diastolic blood pressures for female and male

participants. Figures 8.12 and 8.1 3 show the systolic and diastotic

blood pressures, by gender, during the study. The systolic and

diastolic blood pressures for both groups show the same pattern

with a substantial decrease from baseline values at the three

month interview and a small increase at the six month interview.

Table 8.46 shows the means for systolic blood pressure and

standard errors of the mean for the four intervention subgroups

which are further subdivided by gender. All eight categories show a

decrease from baseline values at the three month interviews. All

show a small increase from the three month value to the six month

value apart from the male participants in group D who showed a

small decrease. All of these increases and decreases were of a

similar magnitude with the exception of: the group c female

participants at the three month interview who had a 3 mm Hg

greater reduction in blood pressure than the men; the group B

women who showed a greater increase from the three month

interview to the six month interuiew than did the men.

Table 8.47 shows the means for diastolic blood pressure and

standard errors of the mean by intervention subgroup and gender.

All categories show a decrease from baseline values at the three

month interview with a slight increase at the six month interview.

There were no substantial differences between men and women

apart from the values for the three month interview in group D
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where the women had a 7 mm Hg decrease in diastolic blood

pressure and the men a 4 mm Hg decrease.

Summary tables 8.36 to 8.47: and

There appear to be no significant, consistent patterns for either age

or gender. While there are some differences these seem to fluctuate

and are probably due to chance variations.

Tables 8.48 to 8.52: Medication changes and non-
ical theraoies.

Table 8.48 shows the numerical amount of change in prescribed

antihypertension medication type. Groups A, c and D had similar

magnitudes of change while group B had a larger number of
medications stopped andlor decreased than the other groups. Group

B also had the smallest number of persons start medication. The

results may have been influenced by the large number of
participants in group A who stopped or decreased medication in

comparison with group A with group D. Thus the mean blood

pressure of group A may have risen due to the decrease in

medication while the mean blood pressure of group D would have

fallen as a result of the participants who were started on

medication. The fact that some participants changed medication

during the study is a disadvantage of studying participants who

were being treated for hypertension with medication.

Table 8.49 shows the medication scores for the 4 sub-groups

at the baseline, 3 month and 6 month interviews. Groups A, B, and C
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showed a decrease in medication at the three month interview

while group D reported a small increase. At the six month interview

groups B and D continued to have a decline in total medication while

groups A and D had an increase.

Table 8.50 shows the numbers of participants in the four
subgroups who had either reduced, increased or had no change in
medication throughout the study. Group A (salt restriction and

exercise) had the largest number of persons reducing their
medication at the three and six month interview.

Non pharmacological therapies

Table 8.51 shows the numbers of responses to the questions on non-

pharmacological therapy; doctor initiated and participant initiated.

Each participant could answer more than once and hence the total is

greater than the number of participants. The pafticipants are more

likely to try non-pharmacological therapy on their own volition than

to have such an action initiated by their doctols.

Table 8.52 shows the five ways in which the participants in

group A (salt and exercise) behaved differently from the
participants in groups B and C. lt appears that group A exercised

less than group B and was less successful at salt restriction than

group C.
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Summary tables 8.48 to 8.52: Medication changes and non-
ical theraoies.

The data on changes in medication suggest that the three

intervention subgroups had a greater reduction in medication than

the control group (group D). This may have had an effect on the

statistical signif icance of the results for systolic blood pressure

for group A compared with group D, at the three month interview. In

this study population it would appear that patients are more likely

to initiate non-pharmacological therapies than their doctors.
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Trble 8.8: Barollne Gheracterlcilcr ol parilclprnte who comptcted the
dq-y,lgr age, gcndcr, ethnlclty, rmoklng rtdtue, durillon oi ttHng
medlc.tlon tnd .lcohol Inttke.

Age In ynrr
All (mean t SD) 55 * 9.5 years
female (mean t SD) 5g.B r 1O.S ysars
male (mean r SD) 56.9 t 13.5 years

Gender
female D=86 (48%,
mde h=95 (52%)

Ethnlclty
European n=l 79 (9906)
Padfic lsland h=l (1%,
Chine*, r=1 (1%,

Smoklng !t tu!
Neversmoked n=g7 (4g"A)
Ex-smoker n=78 (43%i

(tor >1 year)
Cunent Smoker n=18 (7%)

Tlme on medlcrilon
All (men t SD) i14.1 t 91.4

in months
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Table 8.tl: Brtellne Ch.rectsrlstlcs ol partlclpants who complcted the ltudy for
alcohol Intrks.

Alcohol consumptlon ln all pirtlclprntr (1.e. Inctude non-drlnkeru)

% Drinkers 80% (145/i81) g6oh (82/95) TgoA (60/86)
Average t (SE) grns /day 17.9 t 2.O 25.4 * 5.4 9.7 x, 1.7
Rarge gns/day 0- 1 68.4 o- l 68.4 o - 8 4

Median grns/day 4.9 E.O 2.2

Alcohol conrumptlon; only In prrilclpenta who conrume alcohol regulerly
(1.e. excludes non-drlnkeru)

Atl Wrrrranr
N 145 a2 63

Average t (SE) gms /day 22.4 t 2.4 29.4 t 3.1 13.2 t 3.5
Range gms/day 0.36-168.4 0.36-'t 6E.4 0-84
Median gms/day 9.4 15.4 4.9
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Table 8.5: Baeellne Cheracterlstlcc ol parilclpants: maln llteilme
occupetlon, cutrent worklng rltmilon rnd educailon. (l{-191)

llaln llfetlme occupatlon': N (%)
23 (13h'
71 (39o/o)
58 (32obl
19 (1ooh',)
5 (306)
2 (1o/o)

4 (?hl

Group 1 (prolessional)
Group 2 (semi-prolesssional
Group 3 (trade)
Group 4 (skilled)
Group 5 (semi-skilled)
Group 6 (unskilled)
Not reported

Currently wo?klng cltuetlon: N (c/)
Persons working full time
Working part-time
Betired
Unemployed
Redlndant
Doing housework
Reported other

Main earner
Group 1

Group 2
Group 3
Group 4
Group 5
Group 6

82 (45o/o)
34 (1s%)
54 (30c6)
o (oPh)
o (0e6)
9 (so6)
2 (?h')

118 (6506)
13 (7y"'
28 (1s%)
10 (6ol")
10 (6.6)
2 (2o/o)

o (0%)

lf not maln wage ornar then occuprilon ol lhe maln earner

Educallon: N (%)
None after High Schml 7 Z ( 0oh)Tradeschool 14 (S.6)
Technical Institntion 69 (gS%)
University 92 (Zgo/ol

'Reference for occupational categories Jackson (19g9)
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Table 8.6: Barellne cherecterlsilcs ol parilclpantr In termr of merltal
end source of rccruhment In thore who completed the rtudy. (N-1S1)

Never married
Married
Remarried
De-tasto
Permanently separated
Divoroed
Widowed

13
122
13
7
3
13
10

(7 "h)
(67Vo)
(7 "Ar'
(4Vo)
(2"h,
(7 "h)(5"4'

Source of recrultment: N (96)
(1) Participants referred by 1O2 (56%)

their own doctor (17 doctors);
(2) In response to an advertisement, 68 (3906)

and Sunday Star article
(3) Former Auckland Heart Study patients 6 (306)
(4) Selt relerral via friends etc 5 (906)

'married and re-married are mulually exclusive.
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Table 8.72 Baseline medication characteristice of participante
who completed the study.

(N=236) Number of medications prescribed (ol

76 (30%)
83 (32o/ol

53 (210/"1

19 (7o/ol

4 (2o/o,

11 (4%ol

10 (4/"1

Diuretic
Beta blocker
ACE inhibitors
Calcium channel blocker
Labetalol
Central acting
Vasodilators

Prescribed medication for all groups converted to a
medication score*
(mean t SD)

Medication gcore
Baseline
Three month interview
Six month interview

= 38.5 t 25.3

= 36.5 + 25.6

= 36.0 x.25.2

' the Key for the drug medication scores is in chapter 7.
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Table 8.7a: Basellne numberl ol medlcatlon by
interventlon group. The denomlnator ir mcdlcatlon Upe.(Perccntegel reler to rour.)

GtwpA

Grq.p B

GroWC

Grolp D

Dluretlc

20
(30%)

18
(27o4)

17
(27ch)

21
(s4%)

BBlod(

15
(22%)

2
(32%l

21
(34o4',)

2e
(4s%l

Cagod(

6
(s%l

6
(906)

6
(1Oo/o)

1

(2%l

labsblol

o
(0",6)

Central

6
(s%)

1

(2'h)

1

(2%)

3
(5%)

\bro

4
(6%)

I
(2%)

3
(5%)

2
(3%)

t(E,

16
(16e6)

13
(21%)

16 3
(2404! (5.A)

0
(oe6)

1

(?a)

E
(1396)

Key: BBod< = lreta Hod<er; Ca Blod( = cablum channd blodrcr;
l9E = angilotenBin converilng snzyflF Inhlutor; cenral =entral acfing egtent;
Veso = vasdildor.
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Table 8.10. Values for systollc end dlastollc blood presaure, welght, alcohol lntake, moderate,
vlgoroue and total actlvlty 24 hour urlne sodlum, calt lrequency score lor groupe A&B
(physlcal activlty) compared wlth groups C&D (no actlvlty) bacellne, s monthi end flnal
l$ar_|fl (6 months); (meen value t standard errors) (croupc A+8, N=94; groups c+D,
N=77)

Br3ellne t mnlh A m^hlh

Systolic BP;group A+B
(group C+D)
in mmHg;

Diastolic BP;group A+B
group C+D
in mmHg;

Weight (kg) group A+B
group C+D

Alcohol,group A+B
group C+D
(in gms/day)

Total activity, group A+B
group C+D
(in kcal/kg/day)

Moderate activity;
Group A+B
group C+D
(in kcal/kg/day);

Vigorous activity;
Group A+B
group C+D
(in kcal/kg/<lay);

24 hout urine sodium
group A+B1
group C+D
in mmol/d

Salt frequency;
group A+B
group C+D

144.O (1.7)
14s.4 (1.8)

88.7 (0.s)
s0.1 (1.2)

7s.6 (1.8)
77.2 (O.s)

17.0 (3.0)
1s.o (2.8)

34.5 (0.6)
34.3 (0.5)

3.6 (0.7)
2.s (0.6)

0.3 (0.2)
o.e (0.3)

127.7 (4.s)
128.6 (6.3)

21.7 (O.e)
21.7 (O.s)

131 .1 (1 .5)
134.s (2.0)

86.1 (1.0)
85.8 (1 .1)

77.7 (1 .s)
77.3 (1.61

18.s (3.6)
23.5 (4.3)

38.s (0.6)
38.s (0.s)

s.3 (1.0)
s.s (1.4)

0.7 (0.3)
0.7 (0.3)

1 13.6 (7.4')
103.4 (6.7)

16.6 (0.8)
18.6 (1.0)

136.9 (1.6)
137.7 (2.1)

86.6 (0.s)
86.e (1 .1)

78.0 (1.5)
77.3 (1.6)

18.5 (3.3)
24.s (4.3)

3e.3 (0.8)
37.o (0.7)

11.3 (1.2)
7.1 (1.1)

0.3 (0.2)
0.7 (0.5)

125.3 (6.6)
126. 1 (7 .2)

17.4 (0.6)
17.7 (O.E)

Groups; A = exercise and salt restriction N = 48; B = exercise N = 46;
C = salt reslriction N = 44i D = ontrol N = 43.

1. The 24 hour sodium value is not a true baseline measurement as the sample was collected after randomisation
and allocation ot the intervention.
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Teble 8.11. Dlffercncc .nd dlfterunce ol the dlttottncs trom ttp berllnc to I month rnd dr
month;- tor ryrtollc Dlood preru|t tor thc .rercl.lng grct|pr (A+8) comprnd rlth thc non
execlrlng grcup. (GrD); In mm Hg.

3 moilhs-baeellre 6 month-haseline
Grotp A+B -12.9 t 1.5 -Z.O * i.6GrorpC+D -10.5 t 1.8 -1.7 t, 1.9

Differene of rnen -2.4 * 2.i +0.6 t 2.5
ot difter€n€s
(A+B)-(C+D) * pooled SE

Key:
Granp A+B = Bdh groupc performing exsrciee
Grop C+D = Bdh groups not p€rbrming elordse
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Table 8.12. Systolic
and final interview

(standard errors not

blood pressure (mmHg) at
(0 months) for exerclslng
included)

baseline, 3 months
verlus non-ererclelng groups.

A+B (Exercise)

C+D (No exercise)

144.O

145.4

131.1a

134.9

136.9b

137.7

This analysis uses the General Linear Model repeated measures analysis
of variance and compare the baseline for the intervention against the
control group with either the three month blood pressurs or the 6 month
blood pressure and is controlled for baseline weight, alcohol
consumption, total physical activity, salt frequency score and
medication.

aP=0.17; bp=0.45;

Key:
Group A+ B = Both groups perlorming exercise
Group C+ D = Both groups not performing exercise
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Table 8.13. Dlflerences and dlfferences of dlffcrencct from
basollnc to 3 month rnd rlx month; for dlartollc blood prc.lurc
for the exerclee group! (A+B) comparcd wlth thc non-excrclrlng
gloups (G+D); in mm Hg.

3 f|.fnlfic-hlelim a h^nlh-lr.aallha
Group A+B -p.6 r i.1
Group C+D -4.4 * 1.1

Ditferen€of men -1.8 * 1.6
ol dltl€r€nces
(A+B)-(C+D) t pooled SE

Key:
Granp A+B = Both groupe performing exercise
Group C+D = Bdh groupg nd pcrforming e)Grdse

-2.1 r 1.0
-3.2 *, 1.2

+1.1 t 1.5



Table 8.14. Diastolic
interview (6 months)
errors not included)

blood presaure (mmHg)
for exercibing versus

at baseline, 3
non-exerclsing

222

months and final
groups. (standard

A+B (Exercise) 88.7

C+D (Non-exercising) 90.1

86.1r

85.8

86.6b

86.9

This analysis uses the General Linear Model repeated msasures analysis of
variance and compare the baseline for the intervention against the control
group with either the three month blood pressure or the 6 month. Baseline
values lor blood pressure, welght, alcohol consumption, total physical

activity, salt lrequency score and medication are controlled for in the
analysis.

a p=0.48; b p=0.59

Key:
Group A+B = Both groups perlorming exercise
Group C+D = Both groups not performing exercise
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Teble 8.15. YalueE lor tystollc rnd dlastollc blood prsaure, welght, elcohol Inlrke, modertta,
vlgorous and total actlvlty, 2f hour urlne rodlum, relt lrequency acore: lor groupr A&C (ralt
rcstrlctlon) comP.rcd wlth groupr B&D (no t.lt r6trlctlon); et the beaellne,- g montb a'nd
tlnal Interylew (6 monthr); (man valuc t standerd erroru)
(Groupc A+C, N-92; groups B+D, N€0)

Be*allna t mhtlr a mhth

Systolic BP;group A+C
group B+D
in mmHg

Diastolic BP;group A+C
group B+D
in mmHg

Weight (kg) group A+C
granp BrD

Alcohol group A+C
grorp B+D

in gms/day

Total activity; group A+C
(kcaUkg/day) group B+D

Moderate activity;
group A+C
group BrD
in kcal/kg/day

Mgorous activity;
group A+C
group BrD
in kcal/kg/day

24 hour urine sodium
group A+C1
group B+D
in mmol/d

Salt freguency;
group A+C
group BrD

't45.2 (1.s)
144.O ('t.7)

87.8 (1.1)
s1.1 (1.0)

8O.7 (1.s)
76.2 (1.4)

1s.2 (3.0)
16.6 (2.8)

34.2 (0.s)
34.6 (0.4)

3.1 (0.7)
3.5 (O.6)

12O.2 (s.0)
136.3 (6.0)

21.7 (1.O)
21.6 (0.e)

'r 32.s (1 .8)
133.0 (1.8)

85.0 (1.0)
E7.O (1.1)

78.7 (1.6)
76.2 (1.6)

18.e (3.6)
23.s (4.s)

3E.s (0.8)
38.4 (0.7)

s.3 (1.2)
s.6 (1.1)

1.4 (0.6)
o.4 (0.2)

1OE.s (5.0)
not measured2

13.8 (0.7)
21.4 (O.s)

138.1 (1 .9)
136.4 (1 .8)

85.s (o.e)
87.7 (1.1)

79.O (1.5)
76.3 (1.5)

22.o (3.6)
21.1 (4.0)

38.0 (0.8)
38.3 (0.8)

e.7 (1.3)
8.7 (1.1)

0.0 (0.0)
1.0 (o.s)

1 17.6 (5.9)
134.e (7.8)

14.E (0.7)
20.5 (O.E)

0.s (0.2)
0.6 (0.3)

Groups: A=exerciseandsalt restriction N =48i B=€X€rdseN = 46:
C = salt restriclion I = 44i D = control N = 4!!.

1. The 24 hour sodium value is not a true baseline measur€ment as the sample was collected after randomisation
and allocation of the interverilion.

2. Twenty four hour sodium tests not done in groups B and D at the thr€e month interview.
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Trble 8.1s. Dlllemncs rnd dltlrnncr of dllfscncr trom the beecllnc to tho I month rnd rll
month ayetollc blood prerrurp for the !.lt roctrlctlon group! (A+C) comprnd wlth tho non ..lt
rrtdctlng grcupr (B+D); In mm Hg.

3 mnnths-hasalina 6 month-baseline
Group A+C
Grorp B+D

Dlfferencs ot moan ol
dilferene t pooled SE

-12.3 t 1.6
-11.1 t 1.8

-1.2 * 2.4

-7.1 t 1.6
-7.6 * 1.7

-0.5 r 2.5

Key:
Granp A+C = Botr groups salt reotric{ng
Gra4 B+D = Bdh gro$s not salt reefricfing



Table 8.17. Systolic blood plessure (mmHg) at baseline'
interview (6 months) for the two salt restriction group8

salt restracting groups. (standard errors not included)

225

3 months and final
Yersu8 the two non-

A+C (Salt restriction)

B+D (No salt restriction)

145.2

144.0

132.9e

133.0

1 38.1 b

136.4

This analysis uses the General Linear Model repeated measures analysis

of variance and compare the baseline for the intervention against the

control group with eiiher the three month blood pressure or the 6 month

blood piessure. Baseline values for blood pressure, weight, alcohol

consumption, total physical activity, salt lrequency score and medication

are controlled for in the analysis.

a p=0.38; b p=0.84;

Key:
Group A+C = Both groups salt restricting
Group B+D = Both groups not salt restricting

University cf .

PHILSON Li",::'
SC}-IC'CL OF fi.i"

,P,:.;f K ROAq AU -i .j:u . j
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Ttble 8.10. Dlffirncr rnd dlllorrncc of th. dlftrr.ncr ftom b.l.llnc lo 3 llpnth rnd rE
dlertollc blood preru|l tol the t.lt rctrlctlon gFup. (A+C) compand wlth lh. non'!.lt
rstdctlru ercup. (B+Dl; In mm HO.

3 mordrs-baeeline 6 modh:basllne
GroupA+C -2.8 t 1.0 '1.9 t 1.1

Group BrD -4.1 * 'l..2 '3.4 t 1'1

Dllferene of rn€an +1.3 t 1.6 +1.5 * 1.5
of dlflerencgs
(A+C)-(B+D) r pooled SE

Key:
Group A+C= Both groups performing ealt resfldion
Grorp BtD = Bdh group8 not pcrforming salt r€strldion
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Table 8.1g. Diastolic blood pressure (mmHg) at baseline, 3 months and final
interview (6 months); for ialt restrictlng groups (A+G) Yersua non-salt
restr:cting group. (standard errors not included)

r:roup Baqclline 3 month 6 month

A+C (Salt Restriction) 87.8 85.0e 85'9b

B+D (Non -salt restriction) 91'1 87.0 87'7

This analysis uses the General Linear Model repeated measures analysis ol variance and

compare ihe baseline for the intervention against the control group with either the three

.onih blood pressure or the 6 month blood pressure. Baseline values for blood pressure,

weight, alcohol consumption, total physical activity, sall frequency score and medication

are controlled for in the analysis.

a P=0.54; b p=0.52
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Table 8.20 Dlfferences and dlfferences of dlflerencee from baeeline to 3

month and six month systolic blood pressure for the intervention groups
(A,B,C) compared with the control group (D); In mm Hg.

3 months-basetine 6 monih-baseline

croup A N=48 -11.6 * 2.2
Group D N=43 -7.7 t 2.E

Difference ol mean -3.9 t 3.4
of differences
(A)-(D) r pooled SE

-5.2 x, 2.2
-6.0 t 1.7

+0.8 t 2.6

3 monlhs-trascline 6 month-baseline
Group B N=46 -14.2 x, 2.1
Group D N=43 -7.7 x. 2.8

-9.0 t 2.3
-6.0 t 1.7

Difierene ot rnean -6.5 t 3.5 -3.0 t 2.9
of diflerences
(B)-(D) t pooled SE

3 monlhs-traseline 6 month-baseline
Group C N44 -13.2 x 2.3
Group D N=43 -7.7 x, 2.E

-9.1 t 2.9
-6.0 t 1.7

Ditlerene of men -5.5 t 3.6 -3.'l t 3.4
of differences
(C)-(D) t pooled SE

Key:
Group A=exercise & salt restriction, group B = exercise, grouP C=salt restriction. D=control



lniervention Baseline 3 month I month

A (Salt restriction 145.0 133.4a 139.8b

229

Table 8.21. Systotic blood pressure (mmHg) at baeeline, 3 months and linal
interview (6 monthsXstandard errora not included)

and exercise)

B (Exercise) 142.9 128.6c 133.9d

C (Salt restriction) 145.4 132.3e 136.31

D (Control) 145.3 137.6 139.1

All analyses use the General Linear Model repeated measures analysis of variance and

compare the baseline for the intervention against the control group with either the three
monih blood pressure or the 6 month blood pressure. Baseline values for blood pressure,

weight, alcohol consumption, lotal physical activity, salt frequency score and medication

are controlled for in the analysis.

a p=0.17; b p=Q.65i c P=0.04; d p=0.33; e P=0.03; f p=0.30

Additional analyses:
GroupA vsrsus group B P=0'38and p= 0.411 at 3 and 6month'
GroupA versus group C P=0.33 and p= 0'37 at 3 and 6 month'
Group B versus group C F =0.99 and p= 0'98 at 3 and 6 month'



230

CDF
Aid
+t#
o? oq
to,
to^c)o
llllzz

@ea
c\i $
-H +l

-GOc'j ai

rCD(9F
llllzz

t\ (o
C\i cti
+t +l
lr)o
d c\i

o(oCO-iltlzz

f\O
c\i ctj
+t +l
c9-

N@g)F
lttlzz

c)qd
Nr
+t +l

@q
Nc)
$l^t-
illlzz

|ocD
c\.i d
+t +l

oa
crj t

@^(v) (l,
illlzz

s)o
oid
+r +l

c\l c\,1

$t

O^sl co
iltlzz

(Y)

a,i ol
+t 

(o

-+l--.t
-d)
Nat(oltrlzz

c)ra
fiCD
o)#
aiq
F (l)

t\ (o
-(\1llllzz

$l ct)
c.j ai
+l +l
to)
at $,i

g)F
NOI
illlzz

Q)r
c\i c'i
+l +l
$l to
c'i d
lr)-otNilllzz

(o o)
c\i d
+t +l
cr, $o+
a)toc)Filllzz

Qr ef c:ci; $ico N... 33#+r #'H +t; ;+tn: 33 RP i3
R'fi sf si s.il2z 2a +z 2=:, lro -o EA2* +f 2* 1*

cecgaaaEos,66

o
lz
ll

IJJ'=o=<:

9,-
=ost
-EE-g
Oo

ox
r(J.iO
@E

o
c
6
CL
()

€E
Ee
o-
rPg
"go:t
.=3
6$tga
!g
rOoo
^Egl

EE^
ee.E
9"8
tiE
ig'
€sE
o9o
E=t
gb€
lpe'-be
3e$tro-
$E e

=6.-E?

"nE5ge
Egg
E;E
=sE
JEEG|.,E

!Ee
llo >cFO O

(,

o
3
o



231

Table 8.22. Dlffercnce betuecn ryrtollc blood Prusturc (mmHg) at baecllnc, 3

monthg and flnal Intewlw (0 monthr) by rubgtoupr'

Group Baretlne 3 month Brccllno mlnus
mlnue 3 month mlnur 0 month r|x month

A (N=48) 11.6

B (N=46) 14.3

C (N=44) 13.1

D (N=43) 7.7

-6.4

-5.3

-4.0

-1.5

5.2

9.0

9.1

6.2

Key: A=oxetCise andsaltrestriction; B = exercise; G =salt restriction;
D = control.
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Table 8.23. Distribution of change in eystolic blood pressure at 3 months by

alcohol intake for intervention sub-groups Yersu8 control group. (mean

dilference in blood Presaure t SE)

Salt restriction group Control group

Lowest tertite 16.0 * 3.4a 17.5 t 5.0d

ol alcohol intake (n=14) (n=14)

High tertile 7.8 + 4.9c 2.2 x 4.81

of alcohol intake (n=16) (n=15)

Rang€ for alcohol intake gms/day tor a,b,c, respectively: O to 1 ; 2.2 1o 17.05;24.1 to 101 .3.

Banle for alcohol intake gms/day tor d,e,f, respectively: o to 1.5 ; '1 .5 to 7.7; E.8 to 18.1.

Middle tertile 16.5 t 2.5b
ol alcohol intake (n=14)

Middle tertile 9.3 * 3.8h
ol alcohol intake (n=16)

High tertile 13.7 x.2.8i
of alcohol intake (n=16)

3.8 t 3.6e
(n=14)

18.4 t 3.6k
(n=15)

15.5 r 2.51
(n=16)

Exercise and Exerciee grouP

of alcohol intake (n=16) (n=15)

Range for alcohol intake gms/day for g,h,i, respec{ively: 0 to 1.! ; 1..1- 1o 7.7;7.7 to 167.8'

nan6e tor alcohol intake gms/ctay tor I,X,t, regectivdy: O to 4.4 ; 4.4 to 16.7; 16.8 to 168.4.
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Tabfe g.24. Differences and differences of differences from baseline to 3

month and six month diastolic blood p?esaure for the Intervention gloupg
(A,B,C) compared with the control group (D); in mm Hg.

3 montlrs-basline 6 month'baseline

Group A N=48 -2.9 t 1.3
Group D N=43 -6.2 x, 2.5

Diflerence ol mean +3.3 x, 2.7
of dilferences
(A)-(D) + pooled SE

-2.1 t 1.5
-4.8 x, '1 .7

+2.7 x, 2.3

3 months-baseline 6 month-baseline

Group B N=46 -2.3 t 1.E
Group D N=43 '6.2 * 2.5

Ditlerence of mean +3.9 t 3.1
of ditferences
(B)-(D) t pooled SE

-2.1 t 1.3
-4.8 x, 1.7

+23 * 2.1

3 manlhq-baseline 6 month-baseline

Group C N=44 -2.7 * 1.5
Group D N=43 -6.2 x, 2.5

Difterenoe of rnean +3.5 t 2.9
of diflerences
(C)-(D) t pooled SE

-1.6 * 1.6
-4.8 x, 1.7

+3.2 *, 2.3

Key:
Group A=exercise & selt rctriction, group B = exercise, group C=8alt restriction. D=control
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Tabte 8.25. Diagtolic blood pressure (mmHg) at baseline, 3 months and final
interview (S months) (standard errors not included)

lnrarvaniion baseline 3M

(N=48) Salt restrict. 89.1 86.2a 86.9b
and exercise

(N=46) Exercise 88.4 86.1c 86.3d

(N=44) Salt restrict. 86.4 83.6e 84.7r

(N=43) Control 94.0 88.0 89.2

All analyses use the General Linear Model repsatod m€asurss analysis of variance and

compare the baseline for the intervention against the control group with either the three
month blood pressure or the 6 month blood pressuro. Baseline values for blood pressure,

weight, alcohol consumption, total physical activity, salt frequency score and medication
ar€ controlled for in the analysis.

a p=0.21; b p=0.50; c F=0.20; d p=0.32; e 9=0.24i f p=0.33

Additional analyses:
GroupA vsrsus group B P=0.80 and p=0.95 at3 and 6month'
GroupA versus group C P=0.85 and p= 0.90 at 3 and 6month.
GroupB versusgroup C P=0.71 and p=0.85at3and6month'
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Table 8.26. Dllfercnce bctwcen dlartollc blood Ptc.ture (mmHg) at blrellne' 3

months and flnal Intervlcw (0 montht); by rubgrcup

tntervention Baeellne 3 month Bagcllne
minul mlnus minur
3 month 6 month 0 month

Salt restriction +2.9 -O.7 '2-2
and exercise
(group A)

Exercise +2.3 '0.2 '2.1
(group B)

Saft restriction +2.8 -1 .1 +0.1
(group C)

Control +6.0 '1.2 -4.8
(group D)
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Table 8.34. TwentY four hour
baseline, 3 months and final
restriction grouPs versus no

sodium excretion and salt frequency
interview (6 months); comparison of
salt restriction at 6 months.

results;
salt

(completed

Group A
range

Group B

range

Group C
range

Group D
ran9e

urlne/group total)

lst samplel

125 (46/48)
45-240

124.5 (44t461
32-249

107 (42t441
36-326

150 (4',il431
46-342

3 month

112.5 (42t481
40-243

101 (42t441
34-237

6 month

10s.5 (46/48)
26-318

124 (41/46)
45-390

1O7 (42t44)
35-295

12O (36/43)
58'446

Median values for 2rl hour sodium e-cretion
(i) Group C at 3 months = 101 mmol/day (N = 42) numbers above/below 150 mmd/day = 6136 (150 mmoud is

the median value lor grouP D)

(ii) Group D at baseline =15o mrnol/day (N = 41) numbers above/below the median =2o.512O.5
ctri-squareO for proportion for group C versus grotp D p=0.001

(iii) Group A median at g months = 1'12.5; numbers above and bdow group D median (i.e. 150 mmol/l) = &3/9i

chi-squared lor proportim lor group A versus grouP D 4.01

Key
1. The 24 hour sodium value is not a fue baseline measurement as the sample was collected after randomisation

and allocation of the intervention.

Groups: A = exerdse and salt restridion N = 48, B = exercise N = 46i
C = salt restriction N = 44; D = ontrol N = 43.
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Table g.g8. Dlfferenceg and dlfferences of differencer for ryrtolic blood
pre3sure from baseline to 3 month and rix months; for the partlclpants igod 55

yearc or lesl compared wlth the particlpantc aged over 55 years; In mm Hg'

P€rsons 3 55 yr8 N=99 -1o.5 t 1.6 '7'4 x' 1'5
Persons >55 yis N=82 '12.7 * 1'7 -7.3 * 1'9

Difierspe cf mean +2.2 * 2.3 'O.1 x' 2.4
of differences
(s 55 yrs)-(>55 yrs ) t Pooled SE
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Table 8.39. Diastolic Blood p?essure at baseline, 3 months and final interYiew
(6 months) by age (in yeare) and Intervention group (mean t standard error of
mean In mm tlg)

Barellne 3month I month

Group A < 55 yrs 89.1 (8.5) 87.5 (9.2) 88.2 (8.21

>55 yrc 89.0 (10.3) 84.e (s.3) 85-7 (8.4)

Group B s 55 yrs 90.6 (8.5) 86.4 (9.0) 87.7 (7-51
>55 yrs 86.4 (6.4) 85.8 (11.s) 85.0 (9.0)

Group C < 55 yrs 88.0 (11.7) 85.2 (9.9) 85.0 (8.4)
>55 yrs 8s.3 (10.3) 82.6 (10.0) 84.6 (8.5)

Group D s 55 yrs 92.4 (12.6) S6.8 (12.7) 87.0 (12.9)
>55yrs 95.3 (7.21 89.0 (9.0) 91.1 (11.5)

Groups: A = exercise and salt restriction N = 48; B = exercise N = 46;
C = salt restristion N = 44; D = control N = 43.
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Table 8.40. Dlffgrences and dlffercnccs of dlffsrcncsg from basellne to 3

monthe and rlx monthr for dlaetotlc blood pretsuto for the paillclpante aged

55 years or legg comparcd wlth thc partlclpentr egcd over 55 yearr; In mm

Hg.

S mon

Persons r 55 yrc N=€9 -3.5 t 1.1 -3.0 t 1't
Pcrsons >65 yis N=82 -3-4 I 1.1 '2'3 t t'l

Ditferfi€of man {'1 t 1.6 'o'7 t l'6
of dilfereriaes
(s 55 yrs)-(>55 Yrs ) t Pooled SE
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Table 8.41. Baseline characteristicg, by gender, for the participants who
completed the study-mean (standard error)

N8695

Systolic BP mmHg 143.2 (1.8) 146.0 (1.7)

Diastolic BP mmHg 88.4 (1.1) 90.3 (1.0)

Weight in kg 73.1 (1.6) 83.5 (1.6)

Alcohol 9.7 (2.9) 25.4 (2'71
in gms/day

Age in years 53.8 (1.0) 56.3 (1.0)

Total activity 34.4 (0.5) 34.4 (0.4)
in kcal/kg/day

Vigorous activity 0.8 (0.3) 0.4 (0.3)
in kcal/kg/day

Moderate activity 3.1 (0.7) 3.4 (0.6)
in kcal/kg/day

24 hour sodiuml 114.1 (5.5) 141.1 (5.3)
in mmol/day

Salt frequency 21.1 (0.9) 22.2 (O.l
questionnaire
as score

1. TIF- 24 hour sodium vattr is not a true baseline rneasurernent as tf|€ sample was collecied after randornisatlon
and allocation of the int€rvention.
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Table 8.42. Characteristics at 6 monthe, by gender, for the participants who

completed the ctudY
mean (standard error)

Ulfomen ilen

86 95

Systolic BP mm Hg 136.3 (1.9) 138.2 (1.8)

Diastolic BP mm Hg 85.3 (1.0) 88.1 (1.0)

Weight in kg

Alcohol

71.3 (1.4) 83.4 (1.4)

11.6 (3.8) 30.6 (3.6)

in gms/day

Total activity 37.0 (0.8) 39.2 (0.8)

in kcal/kg/day

Vigorous activity 1.1 (0.4) 0'0 (0'4)
in kcal/kg/day

Moderate activity 6.8 (1.21 11'5 (1'2)
in kcal/kg/day

24 hour sodiuml 112.0 (6.9) 137.9 (6'6)
in mmol/day

Salt frequency
questionnaire
as score

17.s (0.8) 17.3 (0.8)

1. The 24 hour sodium valrc is not a true baseline measurement as tlr sample was €llect€d atter ran(brnisation

and allocation of lhe intervention.
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Table 8.40. Dllferences and dllferences of dlfferenccg from bescline to 3

monthc and s;a months; lor syatollc blood prelsule for women compared wlth
men; in mm Hg.

3 rEnilrs-besellne 6 month'baseline

women N=86 '12.1 x, '1.7 -6.9 t 2.0
rnsn N-95 -11.3 * 1.6 -2.8 t 1'0

Differ€n€ ot meen -0.8 t 2.3 4.1 *, 2.2
of differenes
(women)-(men) t Pooled SE
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Table 8.4f. Dlfferencec and dlfforences of dllferencec lrom balellne to 3
monthe and slx months lor diagtollc blood prelgulo for the women comparcd
wlth mcn; in mm Hg.

3 rrontpbasellne 6 month-hsellne

*omgn Il=86 -4.1 t 1.3 -3.1 t 1.1

rnen N=95 -7.8 t 1.5 '2'2 t 1.O

Difier€noeof man t€-7 x,2.O -0.9 t 1.5
of dlfferencee
(women)-(men) * pooled SE
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Table 8.f5. Blood plersura at batellns, by gender, 3 monthe
and flnal lntsrvlew-(0 montfrr) (mean t liandlrd crror of mean In mm Hg)

(female N=86i male N=95)

Beseline 3month I month

Systolic
Female 143.2 (1.8) 131.0 (1.8) 136.3 (1'9)

Male 1/t6.0 (1.7) 134.6 (1.7) 138'2 (1'8)

Diastollc
Female 88.4 (1.1) 84'3 (1.1) 85'3 (1'0)

Male eo.3 (1.0) 87.5 (1.0) 88.1 (1'0)
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Table g.f6. Syetolic Blood pressure at baseline, 3 months and flnal interview
(0 months) by gender and interventaon group (mean t standard error of mean

in mm Hg) (female N = 86, male N = 95)

Baseline 3month I month

Group A (F) 147.1 (4.21 134.2 (3.41 140'4 (3'8)' (M) 14d|.6 (3.4) 133.0 (2.7) 13s.s (3.1)

Group B (F) 139.6 (3.2) 125.0 (2.8) 't32'4 (3'21

(M) 146.1 (3.2) 132-2 (2-8' 135.4 (3.2)

GroupO (F) 143.9 (4.1) 12e.0 (4'3) 133.1 (4'5)
(1'f) 146.7 (9.8) 13s.0 (3'9) 139'0 (4'1)

Group D (F) 142.8 (3.3) 136.0 (3.7) 139.4 (3'8)' (M) 14f..4 (3.7) 13s.7 (4.21 138.7 (4'3)

Groups: A=exerdseard salt restriction N =48i B=exercise N=461
C = salt restriction N = 44; D = @ntrol N = 43.



Table 8.47. Diastolic Blood plo3sure at baseline, 3

(6 months) by gender and intervention group (mean
in mm Hg) (female N=86, male N=95)

Bareline 3month 6 month

257

months and linal interview
t standald error of mean

Group A

Group B 87.3 (1.6)
8s.4 (1.6)

8s.5 (2.41
87.1 (2.21

(2.0)
(2.3)

84.0 (2.1)
88.2 (2.11

84.3 (2.21
83.0 (2.0)

85.2 (2.11

9't.4 (2.41

84.8 (1.e)
88.3 (1.5)

86.0 (1.8)
86.s (1.8)

83.3 (1.e)
85.e (1.7)

86.6 (2.5)
e2.5 (2.71

(F)
(M)

87.6 (2.21 83.5 (3.4)
e0.0 (1.7) 88.0 (1.7)

(F)
(M)

92.5
95.8

(F)
(M)

Group C

(F)
(M)

Group D

Grarps: A = exerdse and salt restriction N = r[8; B = €Xelcise N =
C= salt restric{ion N = 44: D = control N = 43'
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Table 8.48. Changes in medication (denominator is medication type) at three
monthg, six mont-hs and overatt changes (i.e. three and gix monthg combined)

Three months Sir months Overall
chrnqes

Group A

Group B

Group C

Group D

7 stopped
2 started
1 decreased
0 increased

1 stopped
0 started
1 decveased
1 increased

5 stopped
4 started
1 decreased
1 increased

1 stopped
4 started
0 decreased
0 increased

2 stopped
3 started
0 decreased
1 increased

13 stopped
3 started
2 decreased
0 increased

2 stopped
2 started
0 decreased
0 increased

10 stopped
3 started
0 decreased
0 increased

9 stopped
5 started
1 decteased
1 increased

14 stopped
3 started
3 decteased
1 increased

7 stopped
6 started
1 decreased
1 increased

11 stopped
7 started
0 decteased
0 increased

Groups: A = exerdse and salt restriction N =+g' B = exercise N = 46i
C = silt restriction Jrl = 44i D = ontrol [rl = 43.
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Table 8.49. Prescribed medication
converted to units of medication

at basetine, 3 months and 0 monthg
acore t SE *

Group A

Group B

Group C

Group D

39.6 * 3.7

37.1 * 3.8

37.3 + 3.9

39.8 t 3.9

32.8 *.3.7

35.9 t 3.8

35.9 t 3.9

41.9 r 3.9

34.6 t 3.6

33.1 * 3.7

35.1 * 3.8

41.7 r 3.8

* Medication scoring system: The drug scores are derived from the New Ethicals Drug

Compendium 1989.Each medication is allocated a score ol 60 units for the maximum

dosage. For example the maximum dosage of propranolol is 320 mg/day for hypertension.

Ther6fore a daily dosage of 80 mg will be given 15 units while 160 mg/day will gel 30

units and 320 mg/day 60 units. (See chapter 7 lor details)

Groups: A = exercise and satt restric-tion N = 48, B = exercise N - 46;
C = salt restristion N = 44: D = control N = 43.
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Table 8.50. Prescribed medication converted
SE; For difference from baseline to 3 monthg
pe13ons

Group A no change = 38

reduction = $
increase = 1

Group B no ciange
reduction
increase

Group C no change = 37
reduction = 4
increase = $

no change = 37
reduction = 2
increase = 4

Group D

Groups: A = exercise and salt regtriction N = 48i B = exercise N = 46i
C = salt restriction N = 441 D = control N = 43.

to units
and 6

of modlcation score t
monthr. Denominator ls

Three month score Six month
minug haseline score mlnus basellne ecore

=41
=4
=1

no change = 33
rsduction = 11

increase = 4

no ciange = 35
reduction = $
increass = 2

no change = 38
reduction = 3
increase = $

no cfiange = 35
reduction = $
increase = 5
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Table 8.S1. Non-pharmacotogical therapies tried by the partacipants before
the study; recommended by the doctor or initiated by the participant'
(more than one response per partiripant is posrible and hence the numeric total is greater

than the number of participanls)

Type of non-pharmacological
therapy initiated bY the

Number of particiPantg

Doctors of Farticipants

Itlone
Exercise
Salt restriction
Weight loss
Alcohol restriction
Relaxation techniques
Other

Type of non-pharmacological
therapy initiated by

103
22
13
46
7
4
16

Number of particiPants

l,lone
Exercise
Salt restriction
Weight loss
Alcohol restriction
Relaxation techniques
Oiher

82
22
110
37
4
10
36
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Table 8.52. SummarY of
restriction and erercise)

differences between grouP A (salt
groups B and C.

the
and

1. Group A did not have a statistically significant reduction in systolic blood
pressure at the three month interview whereas group B and group G did (table 8.21)

2. Groups B participants increase their total physical activity from the three month

interview to the six month interview while group A did not' (table 8.30).

3. Group B showed a decrease in median hours since last physical activity lrom the
three month to the six month interview while group A did not (table 8.31).

4. The mean and median 24 hour sodium excretions were lower (not significantly)
in group C than in group A. Also more group C participants completed the 24 hour

collections than in group A. (tables 8.33 and 8.34).

S. At the three month interview group A had a lower medication score than groups

B and C. This increased slightly at the three month interview while the medication

scores for groups B and C continued to decline. (table 8.49)


	38_The Auckland blood 124.pdf
	38_The Auckland blood 125.pdf
	38_The Auckland blood 126.pdf
	38_The Auckland blood 127.pdf
	38_The Auckland blood 128.pdf
	38_The Auckland blood 129.pdf
	38_The Auckland blood 130.pdf
	38_The Auckland blood 131.pdf
	38_The Auckland blood 132.pdf
	38_The Auckland blood 133.pdf
	38_The Auckland blood 134.pdf
	38_The Auckland blood 135.pdf
	38_The Auckland blood 136.pdf
	38_The Auckland blood 137.pdf
	38_The Auckland blood 138.pdf
	38_The Auckland blood 139.pdf
	38_The Auckland blood 140.pdf
	38_The Auckland blood 141.pdf
	38_The Auckland blood 142.pdf
	38_The Auckland blood 143.pdf
	38_The Auckland blood 144.pdf
	38_The Auckland blood 145.pdf
	38_The Auckland blood 146.pdf
	38_The Auckland blood 147.pdf
	38_The Auckland blood 148.pdf
	38_The Auckland blood 149.pdf
	38_The Auckland blood 150.pdf
	38_The Auckland blood 151.pdf
	38_The Auckland blood 152.pdf
	38_The Auckland blood 153.pdf
	38_The Auckland blood 154.pdf
	38_The Auckland blood 155.pdf
	38_The Auckland blood 156.pdf
	38_The Auckland blood 157.pdf
	38_The Auckland blood 158.pdf
	38_The Auckland blood 159.pdf
	38_The Auckland blood 160.pdf
	38_The Auckland blood 161.pdf
	38_The Auckland blood 162.pdf
	38_The Auckland blood 163.pdf
	38_The Auckland blood 164.pdf
	38_The Auckland blood 165.pdf
	38_The Auckland blood 166.pdf
	38_The Auckland blood 167.pdf
	38_The Auckland blood 168.pdf
	38_The Auckland blood 169.pdf
	38_The Auckland blood 170.pdf
	38_The Auckland blood 171.pdf
	38_The Auckland blood 172.pdf
	38_The Auckland blood 173.pdf
	38_The Auckland blood 174.pdf
	38_The Auckland blood 175.pdf
	38_The Auckland blood 176.pdf
	38_The Auckland blood 177.pdf
	38_The Auckland blood 178.pdf
	38_The Auckland blood 179.pdf
	38_The Auckland blood 180.pdf
	38_The Auckland blood 181.pdf
	38_The Auckland blood 182.pdf
	38_The Auckland blood 183.pdf
	38_The Auckland blood 184.pdf
	38_The Auckland blood 185.pdf
	38_The Auckland blood 186.pdf
	38_The Auckland blood 187.pdf
	38_The Auckland blood 188.pdf
	38_The Auckland blood 189.pdf
	38_The Auckland blood 190.pdf
	38_The Auckland blood 191.pdf
	38_The Auckland blood 192.pdf
	38_The Auckland blood 193.pdf
	38_The Auckland blood 194.pdf
	38_The Auckland blood 195.pdf
	38_The Auckland blood 196.pdf
	38_The Auckland blood 197.pdf
	38_The Auckland blood 198.pdf
	38_The Auckland blood 199.pdf
	38_The Auckland blood 200.pdf
	38_The Auckland blood 201.pdf
	38_The Auckland blood 202.pdf
	38_The Auckland blood 203.pdf
	38_The Auckland blood 204.pdf
	38_The Auckland blood 205.pdf
	38_The Auckland blood 206.pdf
	38_The Auckland blood 207.pdf
	38_The Auckland blood 208.pdf
	38_The Auckland blood 209.pdf
	38_The Auckland blood 210.pdf
	38_The Auckland blood 211.pdf
	38_The Auckland blood 212.pdf
	38_The Auckland blood 213.pdf
	38_The Auckland blood 214.pdf
	38_The Auckland blood 215.pdf
	38_The Auckland blood 216.pdf
	38_The Auckland blood 217.pdf
	38_The Auckland blood 218.pdf
	38_The Auckland blood 219.pdf
	38_The Auckland blood 220.pdf
	38_The Auckland blood 221.pdf
	38_The Auckland blood 222.pdf
	38_The Auckland blood 223.pdf
	38_The Auckland blood 224.pdf
	38_The Auckland blood 225.pdf
	38_The Auckland blood 226.pdf
	38_The Auckland blood 227.pdf
	38_The Auckland blood 228.pdf
	38_The Auckland blood 229.pdf
	38_The Auckland blood 230.pdf
	38_The Auckland blood 231.pdf
	38_The Auckland blood 232.pdf
	38_The Auckland blood 233.pdf
	38_The Auckland blood 234.pdf
	38_The Auckland blood 235.pdf
	38_The Auckland blood 236.pdf
	38_The Auckland blood 237.pdf
	38_The Auckland blood 238.pdf
	38_The Auckland blood 239.pdf
	38_The Auckland blood 240.pdf
	38_The Auckland blood 241.pdf
	38_The Auckland blood 242.pdf
	38_The Auckland blood 243.pdf
	38_The Auckland blood 244.pdf
	38_The Auckland blood 245.pdf
	38_The Auckland blood 246.pdf
	38_The Auckland blood 247.pdf
	38_The Auckland blood 248.pdf
	38_The Auckland blood 249.pdf
	38_The Auckland blood 250.pdf
	38_The Auckland blood 251.pdf
	38_The Auckland blood 252.pdf
	38_The Auckland blood 253.pdf
	38_The Auckland blood 254.pdf
	38_The Auckland blood 255.pdf
	38_The Auckland blood 256.pdf
	38_The Auckland blood 257.pdf
	38_The Auckland blood 258.pdf
	38_The Auckland blood 259.pdf
	38_The Auckland blood 260.pdf
	38_The Auckland blood 261.pdf
	38_The Auckland blood 262.pdf
	38_The Auckland blood 263.pdf
	38_The Auckland blood 264.pdf
	38_The Auckland blood 265.pdf
	38_The Auckland blood 266.pdf
	38_The Auckland blood 267.pdf
	38_The Auckland blood 268.pdf
	38_The Auckland blood 269.pdf
	38_The Auckland blood 270.pdf
	38_The Auckland blood 271.pdf
	38_The Auckland blood 272.pdf
	38_The Auckland blood 273.pdf
	38_The Auckland blood 274.pdf
	38_The Auckland blood 275.pdf
	38_The Auckland blood 276.pdf
	38_The Auckland blood 277.pdf
	38_The Auckland blood 278.pdf
	38_The Auckland blood 279.pdf
	38_The Auckland blood 280.pdf
	38_The Auckland blood 281.pdf
	38_The Auckland blood 282.pdf
	38_The Auckland blood 283.pdf
	38_The Auckland blood 284.pdf
	38_The Auckland blood 285.pdf
	38_The Auckland blood 286.pdf
	38_The Auckland blood 287.pdf
	38_The Auckland blood 288.pdf
	38_The Auckland blood 289.pdf

