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Summary. Fifty hypertensive Type 2 (non-insulin-dependent) 
diabetic patients were allocated, in a controlled trial, to a 
treatment diet of high fibre, low fat and low sodium composi- 
tion, or to a control diet by the hospital dietitian. After 
3 months treatment, the modified diet-treated group showed 
a highly significant reduction in mean systolic (180.5_+ 19.0 
to 165.0_+ 20.7 mmHg) and diastolic blood pressure (96.6 + 9.3 
to 88.0 • 10.5 mmHg), accompanied by significant reductions 
in urinary sodium excretion (183.0_+62.1 to 121.7_+ 
65.Smmol/day) glycosylated haemoglobin (12.4_+3.1 to 
10.5 _+ 2.9%), weight (74.6_+ 13.5 to 71.7 _+ 12.1 kg) and serum 
triglyceride levels (p< 0.05). The mean values of diastolic 
pressure (p<0.01), urinary sodium/potassium ratio (p< 

0.001), urinary potassium (p< 0.01) was significantly reduced 
at 3 months compared to control. No changes in serum HDL- 
cholesterol levels were observed. The number of patients with 
normal blood pressure at 3 months was greater in the modifi- 
ed diet-treated group (ten versus five). Treatment of mild hy- 
pertension in diabetic subjects with this form of dietary regi- 
men has a hypotensive response, with improvement in 
glycaemic control and no side effects. This modified diet may 
be an attractive alternative to anti-hypertensive drug therapy 
as a first line treatment. 
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Hypertension is common in diabetes [1, 3] but treatment 
may be far from satisfactory due to the adverse effects 
of  anti-hypertensive drug therapy. In particular, thia- 
zide and t-blocking drugs have been shown to produce 
deterioration in glycaemic control [4-6], an elevation of 
serum triglyceride levels and a reduction in high density 
lipoprotein cholesterol [7]. These effects may be of  par- 
ticular importance in the diabetic patient who is already 
at greater risk of premature atherosclerosis. An alterna- 
tive to drug therapy in the treatment of  hypertension 
would therefore be highly desirable. 

Recent studies in non-diabetic hypertensive patients 
have suggested that dietary manipulations may reduce 
diastolic blood pressure; these include low sodium 
[8-10], low fat [11], high potassium [12] and high fibre 
intake [13, 14]. The hypotensive effects of altering single 
dietary constituents is small, and therefore raises the 
possibility that a dietary regimen combining these alter- 
ations might have a more substantial effect. Indeed this 
has recently been reported in an uncontrolled [15] and 
in a community based study [16]. This form of dietary 
regimen has also been shown to produce improved gly- 
caemic control with a reduction in cardiovascular risk 
factors in diabetic patients [17, 18]. Excepting the low 
sodium and high potassium aspect, some of these di- 

etary changes are now recommended for diabetic pat- 
ients by the British and American Diabetic Associa- 
tions. 

We have therefore assessed the effects of a dietary 
regimen consisting of high fibre, low fat und low so- 
dium intake in three groups of diabetic hypertensive 
patients. An initial group of patients was studied as a 
pilot group and in view of the observed clinical benefit, 
a controlled study was then performed. 

Subjects and methods 

Subjects 
Fifty Type 2 (non-insulin-dependent) diabetic hypertensive subjects 
attending Dudley Road Hospital were studied. The clinical character- 
istics of these patients were typical of Type 2 diabetes, although 11 
were insulin-treated at the time of the study, owing to unsatisfactory 
diabetic control on oral hypoglycaemic agents, Twenty-five patients 
were allocated sequentially into control or modified diet treatment by 
the hospital dietitian (PB). Clinical details of these groups are shown 
in Table I and are comparable except for differences in initial mean 
systolic blood pressure, urinary sodium output and glycosylated hae- 
moglobin (HbA 0 levels; these did not reach statistical significance. 
Informed consent was given by all the patients and the study was ap- 
proved by the local Ethical Committee. 
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Table 1. Clinical details of Type 2 diabetic hypertensive patients studied 
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Patient groups Sex Age Duration Body mass Hypoglycaemic therapy 
(M: F) (years) of index (no. of patients) 

diabetes (kg + m ~) Diet Tablet Insulin 
(years) alone treated treated 

No. of 
patients on 
anti-hyper- 
tensive 
therapy 

Control (n= 25) 14:11 56.9+_7.5 6.4• 27.4+5.4 13 6 6 7 

Modified diet-treated (n = 25) 11 : 14 56.6 • 7.2 6.2 • 6.5 28.1 _ 4.9 14 6 5 6 

Results expressed as mean +_ SD 

Table 2. Composition of the modified dietary regimen compared to a 
modem western diet 

Trial diet b Modem 
Western 
Diet a (UK) 

Total energy (Kcal) 

Fat (% total energy) 

Protein (% total energy) 

Unrefined carbohydrate 
(% total energy) 

Refined carbohydrate 
(% total energy) 

Dietary fibre (g/day) 

Sodium (mmol/day) 

Potassium (mmol/day) 

Sodium/potassium ratio 

1600-2100 2,250 
(6.5-8.6 MJ) (9.3 M J) 

25 40 

22 13 

50 26 

0-3 21 
(includes 
alcohol 
intake) 

40-45 20 

60-80 ~_ 180 

80-90 ~ 80 

~_1.1 2:1 

a Values for the modern diet of the United Kingdom are derived from 
the National Advisory Commission on Nutrition Education Report 
[23] and the Annual Report of the National Food Survey Committee 
[251. 
b Values were calculated from four representative days on the in- 
tended diet by computerised food table analysis [26] 

Criteria for entry to the study were three consecutive hypertensive 
readings (as defined by the World Health Organization: - systolic 
>160mmHg or diastolic between 95 and 109mmHg) in an estab- 
lished diabetic patient. Patients already receiving anti-hypertensive 
drug therapy were not excluded from the study, provided the above 
criteria for hypertension were met. Excluded were patients with evi- 
dence of diabetic or hypertensive nephropathy, cardiac failure or 
pregnancy. 

M e ~ o ~  

All patients had previous hypertensive readings; the blood pressure 
was repeated after a 1 month run-in period and the mean of the two 
measurements determined. Blood pressure was recorded in the supine 
position after 5 rain rest, with a random zero sphygmomanometer 
(Hawksley & Sons,  Lancing, Sussex, UK) by a separate 'blind' ob- 
server (MB) or by two of the authors (PP and PMD) taking diastol- 
ic blood pressure as the fifth Korotkoff phase. A standard width cuff 
(14 cm) was used if the mid-arm circumference was < 33 cm, but if 
this was > 33 cm, a large (19 cm) width cuff was used [19]. 

The diabetic hypertensive patients were all previously on low car- 
bohydrate, high fat and low fibre diets (mean intake: 1650 __ 400 total 
calories) with 95% of patients adding salt to food at the table as well 
as in the cooking, on assessment by the hospital dietitian (PB). 

Hypoglycaemic and anti-hypertensive medication remained the 
same for at least 1 month before and during the 3-month study period. 
At the end of the 1 month run-in period, patients were seen monthly 
for measurement of blood pressure, weight and 24-h-urinary sodium 
and potassium. Blood was taken before and after 3 months of the trial 
period for urea and electrolytes, liver function tests, glycosylated 
haemoglobin and fasting lipids. 

HbA1 was measured by an affinity chromatography method using 
the Glyco-gel test kit (Pierce Chemicals, Rockford, Illinois, USA). To- 
tal serum cholesterol and triglyceride levels were measured by stan- 
dard semi-automated methods (Baker Chemicals, Phillipsburg, New 
Jersey, USA). HDL cholesterol was measured by precipitating VLDL 
and LDL from 2 ml of plasma with heparin (750 units in 100 lxl) and 
I tool/1 MnC12 (200 gl) as described previously [181. No results were 
seen by the trial observers until the end of the study. 

Diet composition 

The composition of the intended modified diet given to 25 patients is 
shown in Table 2, The regimen, made up from readily available food- 
stuffs, consisted of a high dietary fibre (40-45 g/day), high unrefined 
carbohydrate (50% of total energy), low fat (25% of total energy), 
low sodium (60-80mmol/day), and normal potassium intake 
(80-90 retool/day). The daily calorie intake of 1600-2100 kcal was 
standard for all patients given the modified diet and was comparable 
to the mean intake of patients before the trial. Patients were forbidden 
from adding salt at table or in cooking. In addition, a list of foods 
which had low fat and low salt content was given to the patients and 
they were instructed to eat whole food products; for example, whole- 
meal: bread, cereals, biscuits, pasta; brown rice and foods made with 
wholemeal flour. The increased fibre intake also incorporated durum 
hard wheat bran (480 g/kg dietary fibre, Pasta Foods, St. Albans, 
Herts, UK); patients were advised to incorporate this with the cereals 
taken at breakfast. 

The hospital dietitian allocated patients to the modified dietary 
treatment or control group, dietary counselling was only performed 
on one occasion and equal time was given to both treatment groups. 

The control group consisted of 25 patients who continued their 
former dietary regimen of low carbohydrate, low fibre and high fat 
content which was reinforced by the hospital dietitian. In particular, 
no advice concerning salt intake was given to this group of patients. 
However, they otherwise followed an identical trial protocol. 

To assess palatability of this regimen, patients were given an anon- 
ymous questionnaire after 3 months of the modified diet treatment. 
Compliance to the dietary regimen was not individually assessed. 
However, a degree of compliance could be estimated to have occurred 
in the modified treatment group as a whole by the mean changes in 
the parameters measured, e.g. 24-h-urinary sodium output. 

Statistical analysis 

Analysis was by paired and unpaired Student's t-test. Statistical dif- 
ferences between the number of patients with normal blood pressure 
readings after 3 months were assessed by the Z 2 test and correlations 
were made by the Pearson linear correlation coefficient, Multiple re- 
gression analysis was also performed on a SPSS Multics Computer 
System. 
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Table 3. Summary of clinical changes observed after 3 months of the 
controlled trial 

Table4. Summary of biochemical changes observed after 3 months of 
the controlled trial 

Diet- Signifi- Control 
treated cance group 
group between ( n=  25) 
(n = 25) groups 

Blood pressure (mmHg) 
Systolic: Start 

Finish 

Diastolic: Start 
Finish 

Body weight (kg) 

Start 
Finish 

Normal blood pressure 
achieved (no. of patients) 

At 3 months 

180.5_+19.0 NS 170.0+20.0 
165.0_+20.7 NS 164.2+17.8 
p < 0.00t NS 

96.6+ 9.3 NS 97.0__+ 7.1 
88,0+10.5 p<O.O1 95.4+ 8.7 

p < 0.001 NS 

74.6+13.5 NS 74.2+16.7 
71.7+12.1 NS 73.7 + 15.9 

p< 0.01 NS 

10 (40%) NS 5 (20%) 

Results expressed as mean ___ SD. Statistical significance of a differ- 
ence between groups is shown between colums (unpaired t-test) and 
significance of a change within a group is shown below the finishing 
figure (paired t-test) 

Results 

The changes in systolic and diastolic blood pressure 
and weight in the 25 patients treated with the modified 
diet are shown in Table 3. 

Highly significant mean changes were observed in 
the controlled trial during and at 3 months. In particu- 
lar, a significant reduction of mean systolic blood pres- 
sure was observed at 1 (p<0.05) and 3months (p< 
0.001), but the values were not significantly different 
from control. However, mean diastolic blood pressure 
fell significantly in both modified diet treated (t7< 
0.001) and control group (p< 0.02) at 1 month, but mean 
values of the control subsequently returned to near to 
the initial reading at 3 months. In contrast, the modified 
diet treated group had a further significant fall in dia- 
stolic blood pressure at 3 months, which was also signif- 
icantly different from the 3 month control value (t7< 
0.02). The number of patients with normal blood pres- 
sure at 3 months was also greater in the modified diet- 
treated group compared with control. These blood pres- 
sure changes were also accompanied by significant 
weight loss (p< 0.001), significant reductions in the uri- 
nary sodium output (p < 0.00l) and urinary sodium/po- 
tassium ratio (p< 0.001) and the 3 month mean values 
of both these parameters were also significantly lower 
compared with control levels (p< 0.05 and p <  0.001 re- 
spectively). However no change was observed in mean 
urinary potassium excretion in either groups, although 
the 3 month value in the diet-treated group was signifi- 
cantly higher than that of control (p< 0.01). A signifi- 
cant improvement in glycaemic control as measured by 

Diet Signifi- Control 
treated cance group 
group between (n=25)  
(n = 25) groups 

Urinary electrolyte excretion (mmol/ 2 4 h) 
Sodium: Start 183.0 +62.1 NS 156.8 +62.5 

Finish 121.7 +65.8 p<O.05 164.8 +59.5 
p< 0.00t NS 

Potassium: Start 66.9 _+21.4 NS 61.7 +20.8 
Finish 71.7 _+26.9 p<O.O1 51.7 _+19.6 

NS NS 

N a / K  Start 2.92+ 1.12 NS 2.65+ 0.88 
molar ratio : Finish 1.78+ 0.73 p<O.O01 3,44+ 1.30 

p< 0.00t NS 

Glycosylated haemoglobin (%) 
Start 12.4 -4- 3.1 NS 10.7 -4- 3.3 
Finish 10.5 -+ 2.9 NS 10.6 + 2.9 

p< 0.001 NS 

Fasting serum lipids (mmol/l) 
Cholesterol: Start 5.6 -+ 1.5 NS 6.1 +_ 1,9 

Finish 5.5 -+ 1.2 NS 6.2 + 2,9 
NS NS 

Triglyceride: Start 1.8 _+ 0.9 NS 1.8 _+ 1.4 
Finish 1.5 _+ 0.8 NS 2.2 _+ 2.9 

p< 0.05 NS 

HDL- Start 1.3 ___ 0.5 NS 1.6 + 0.5 
cholesterol: Finish 1.3 --+ 0.3 NS 1.4 _+ 0.3 

NS NS 

Results expressed as mean + SD. Statistical differences recorded as 
stated in Table 3 

HbA1 (t7< 0.001), with a significant reduction in serum 
triglyceride levels (p< 0.01), was also observed but there 
were no significant alterations in HDL cholesterol lev- 
els. No significant differences were observed between 
female and male patients when analysed separately. 
Analysis of the questionnaire (n= 49) revealed that 33 
of the diet-treated patients (68%) were prepared to stay 
on this dietary regimen for life, 39 expressed feeling in 
better health (80%), and only three (6%) claimed that 
the dietary regimen was impossible to adhere to. 

To elucidate which of the clinical and biochemical 
changes might be contributing to a reduction in blood 
pressure, Pearson linear correlations were performed in 
the control group and in all patients treated with the 
modified dietary regimen, which also included a group 
of 25 Type 2 diabetic hypertensive patients treated prior 
to the controlled trial as a pilot group (Table 4). Positive 
significant correlations (n = 75) were shown between re- 
duction in urinary sodium/potassium ratio and urinary 
sodium output, with both systolic ( r= + 0.387, p <  0.001 
and r=  +0.221, p<0.03, respectively) and diastolic 
blood pressure (r= +0.370, p<0.001 and r=  +0.266, 
p <  0.01, respectively). Multiple regression confirmed 
that the reduction in urinary sodium/potassium ratio 
was the most important factor related to both systolic 
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and diastolic blood pressure reduction (p< 0.0006 and 
p < 0.001, respectively). No significant correlations were 
found between changes in diastolic blood pressure and 
weight or HbA1. However, although no significant 
correlations were found between changes in systolic 
blood pressure and HbAo, a significant correlation was 
noted with weight loss ( r=  + 0.312, p <  0.01). No signifi- 
cant association was demonstrated between either 
change in serum cholesterol or triglyceride levels with 
changes in systolic or diastolic blood pressure. 

Evidence that weight loss per se was not the main 
factor in the diastolic hypotensive response was shown 
in six patients whose weight remained constant on the 
modified dietary regimen (64.8+3.9 versus 64.7+ 
3.9 kg) as significant falls were observed of diastolic 
blood pressure (93.3+2.3 to 82.7_+3AmmHg: p <  
0.001), urinary sodium (220.8+24.6 to 139.3+ 
20 mmol/24 h, p<0.01) and HbA1 9.9+0.4 to 8.1+ 
0.8%, p<0.05). A positive association was noted be- 
tween reduction in HbA1 and serum triglyceride levels 
(r--- +0.484, p<0.001) but no association was shown 
between weight loss and reduction in HbA1 or urinary 
sodium output. 

Discussion 

The important finding of this study is a significant fall 
in both diastolic and systolic blood pressures on a mod- 
ified dietary regimen. This was also accompanied by 
improvement in glycaemic control, reduction in serum 
triglyceride levels with no alteration in HDL-cholester- 
ol levels, weight loss and feeling of well-being. This is in 
contrast to the effects of common anti-hypertensive 
drug therapy which may be associated with worsening 
of glycaemic control, and an increase of serum triglycer- 
ide with a reduction in HDL-cholesterol levels, and 
multiple side effects [4-7]. Furthermore, a greater num- 
ber of patients had normal blood pressure at the end of 
the 3-month trial period, therefore reducing the number 
of patients who would have otherwise received anti- 
hypertensive drug therapy. 

These findings are also in agreement with similar 
uncontrolled and controlled studies for non-diabetic 
essential hypertensive patients [15, 16]. In particular, 
Beard et al. reported a reduction in anti-hypertensive 
drug therapy on a similar regimen [16]. 

Consideration of the analysis of these data with re- 
gard to allocation of patients and 'blind' conditions is 
important. The method of allocation used in this trial, 
sequential by the hospital dietitian, may account for the 
differences in the initial mean systolic blood pressures, 
urinary sodium output and HbA1 level. Although the 
blood pressure observers were initially 'blind' as to the 
patient's trial group, it became clear later in the trial 
which group the patient belonged to, usually by the 
questions and other comments made by the patient, so 
the trial was not truly "blind". However, the use of the 
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random zero sphygmomanometer should have over- 
come observer bias in blood pressure measurement. 
Furthermore, all patients, including the control groups, 
followed exactly the same trial protocol. 

The exact mechanism of the hypotensive effect of 
this dietary regimen is not clear. There was a significant 
weight loss on the modified diet which might be one im- 
portant factor, as it has an independent effect on blood 
pressure when sodium intake is held constant [20]. 
Weight loss does not appear to be a major factor in this 
trial in view of the lack of a statistical association be- 
tween weight change and fall in diastolic blood pres- 
sure, and the highly significant diastolic hypotensive re- 
sponse noted in those patients whose weight remained 
constant during the trial period. The mean weight loss 
of the modified diet-treated group may represent water 
loss due to the lower sodium intake, although no statis- 
tical association between these factors was shown. 
However, it is clear from other studies that some of the 
hypotensive effect must be attributed to the reduction in 
sodium output [8-10]; this is suggested by the positive 
statistical association of this and both systolic and dia- 
stolic blood pressure reduction in our study. However, 
other factors may be important and include the high 
fibre and low fat aspect of the diet [13, 14], although no 
association was observed between changes in either se- 
rum cholesterol or triglyceride levels and blood pres- 
sure. 

The improvement in glycaemic control is most likely 
to be due to the high fibre and unrefined carbohydrate 
aspect of the diet as these dietary alterations have been 
well documented to produce improved diabetic control 
[17]. This change is also the most likely explanation for 
the reduction in serum triglyceride levels in view of the 
positive statistical association of these two factors ob- 
served in this study. Weight loss, however, must also be 
considered in this context but we could show no asso- 
ciation between this and reduction in HbA1. 

The degree of compliance with the modified dietary 
regimen was not assessed in individual patients. How- 
ever it is clear that a considerable degree of compliance 
must have occurred in the modified diet-treated group 
because of the mean reductions of weight, HbA1, serum 
triglyceride levels and urinary sodium output, none of 
which was observed in the control group. It must, how- 
ever, be noted that the mean reduction of urinary so- 
dium excretion was approximately half of what would 
have been predicted from the analysis of the intended 
dietary regimen, suggesting compliance was not com- 
plete in reduction of sodium intake. 

The purpose of the present trial was to ascertain the 
effect of a high fibre, low fat and low sodium regimen 
on blood pressure and glycaemic control. A clear hypo- 
tensive response has been shown with improved diabet- 
ic control which is in contrast to the effects of anti-hy- 
pertensive drug therapy. Of particular concern with re- 
gard to possible harmful effects of drug therapy, is the 
report by the Multiple Risk Factor Intervention Trial 
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study of a greater number of deaths from coronary 
heart disease in hypertensive patients with ECG abnor- 
malities who received aggressive anti-hypertensive 
treatment compared with those who did not [21]. The 
Australian therapeutic trial has also cast concern about 
drug treatment of mild hypertension [22]. 

Long-term compliance and palatability of this form 
of dietary regimen is a crucial question and at present is 
unknown. One recent report of 19 non-diabetic hyper- 
tensive patients treated with this diet has shown that the 
reduction in anti-hypertensive medication and cardio- 
vascular risk was similar at 3 months and after 4 years of 
follow-up [23]. We propose therefore to extend the pre- 
sent study to include at least a 1-year follow-up period. 
It is also of interest that a similar number of patients 
(68%) in our study compared to that of Beard et al. 
(67%) [16] found the dietary regimen palatable and that 
it was a viable diet in the long-term. 

The results of this study suggest that this form of 
dietary regimen should be considered as a first line 
treatment in the mildly hypertensive diabetic patient 
and may be an attractive alternative to drug therapy. 
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