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S.Nielsen, K. Hermansen, O. W. Rasmussen, C. Thomsen, C. E. Mogensen 

Medical Department M (Endocrinology and Diabetes), Aarhus Kommunehospital and Medical Department C (Diabetes and 
Endocrinology), Aarhus, Denmark 

Summary Previous studies have shown that unsatu- 
rated fat-enriched diets may have a beneficial effect 
on blood pressure in non-insulin-dependent diabetic 
(NIDDM) patients, whereas little is known about 
the effects on albuminuria. In a 3-week cross-over de- 
sign we compared the effects of a currently recom- 
mended high-carbohydrate diet (50 % carbohydrate, 
30 % fat [10 % monounsaturated fat]) vs a diet rich 
in monounsaturated fat (30 % carbohydrate, 50 % 
fat [30 % monounsaturated fat]) on urinary albumin 
excretion rate, 24-h ambulatory blood pressure and 
metabolic control in ten NIDDM patients with per- 
sistent microalbuminuria. The 24-h ambula tory  
blood pressure was similar before and after both the 
high-carbohydrate diet (mean + SD: 145/78 + 25/10 
vs 143/79 + 19/10 mmHg (NS) and the monounsatu- 
rated fat diet: 140/78 + 16/8 vs 143/79 + 15/8 mmHg 
(NS). No changes were observed in day or night- 
time blood pressures. Urinary albumin excretion 
rate was unaffected after 3 weeks' t reatment  by the 
diets: from (geometric mean x / +  tolerance factor) 
32.4x/+2.1 to 36 .0x /+  1.91xg/min (NS) vs from 

34 .2x/+  1.9 to 32 .1x /+  2.1 ~tg/min (NS). Fasting 
plasma glucose, serum fructosamine and HbAlc as 
well as lipid and lipoprotein concentrations were sta- 
ble during both diets. Compared to the high-carbohy- 
drate diet a reduction in the LDL/HDL cholesterol 
ratio was observed during the monounsaturated fat 
diet (p < 0.03). In conclusion, compared to a high-car- 
bohydrate diet, 3 weeks' t reatment with a monoun- 
saturated fat diet did not affect the levels of 24-h am- 
bulatory blood pressure or albuminuria in microalbu- 
minuric N I D D M  patients. Moreover, glycaemic con- 
trol and lipoprotein levels were unchanged, although 
a potential beneficial effect on the LDL/HDL-cho- 
lesterol ratio was noted. Monounsaturated fat repre- 
sents an alternative in the diets of NIDDM patients 
especially when caloric intake is not a concern. [Dia- 
betologia (1995) 38: 1069-1075] 
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I n  non-insulin-dependent diabetes mellitus 
(NIDDM) a slight elevation in urinary albumin ex- 
cretion rate (UAE),  so-called microalbuminuria (de- 
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fined as U A E  between 20 and 200 ~g/min) is associ- 
ated with an increased incidence of cardiovascular 
morbidity and mortality [1-4]. Microalbuminuria 
may be present at the time of diagnosis of NIDDM 
[5-8] and is often associated with atherogenic risk 
factors, such as an abnormal lipoprotein metabolism, 
hyperglycaemia, obesity and hypertension [%12]. 
Moreover, progression to overt clinical proteinuria 
(UAE > 200 ~tg/min) is more likely to occur in micro- 
albuminuric patients than in patients with normoal- 
buminuria (UAE < 20 ~g/min) [1]. 

Recent  reports have demonstrated that an im- 
provement of glycaemic control in newly-diagnosed 
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N I D D M  reduces  and par t ly  normal izes  U A E  [5, 6, 
13]. F u r t h e r m o r e ,  it has b e c o m e  increasingly clear  
tha t  no t  only  a res t r ic t ion of  the total  caloric in take 
(in combina t ion  with a weight  reduct ion) ,  bu t  also di- 
e ta ry  compos i t ion  affects me tabo l i c  pa rame te r s  and 
m a y  improve  cardiovascular  risk factors  in some pa- 
tients. The  cur ren t ly  advised d ie ta ry  compos i t ion  of  
N I D D M  pat ients  suggests tha t  sa tura ted  fat should 
be  r e duc e d  th rough  a h igh-ca rbohydra te  ( C H O ) ,  
low-fat  diet  including 50 % of  ene rgy  f rom complex  
CHO,  30 % energy  f rom fat  and abou t  20 % f rom pro-  
te in  [14-16]. Moreove r ,  unprocessed  vegetables  (i. e. 
f ibre)  should be  i m p l e m e n t e d  as a C H O  source  [17, 
18]. 

Ep idemio log ica l  studies f r om the  M e d i t e r r a n e a n  
a rea  show a lower  inc idence  of  cardiovascular  dis- 
ease and a benef ic ia l  inf luence  on  the b lood  pressure  
in areas where  peop le  consume  high amoun t s  o f  
m o n o u n s a t u r a t e d  fa t ty  acids ( M U F A )  [19-21]. More -  
over,  i n t e rven t ion  studies in bo th  non-diabe t ic  sub- 
jects and N I D D M  pat ients  have  indica ted  that  a 
high a m o u n t  of  C H O  m a y  cause un toward  effects  on  
me tabo l i c  risk factors  [22-24]. Conversely,  replace-  
m e n t  of  a h igh-CHO/ low-fa t  diet  by  low-CHO/h igh-  
fat  diet  including high amoun t s  of  unsa tu ra t ed  fat, 
and especial ly m o n o u n s a t u r a t e d  fat, may  favourab ly  
inf luence  glucose me tabo l i sm (including insulin sen- 
sitivity), l ipoprote ins  and b lood  pressure  [24-29]. In 
two recen t  studies a h i g h - M U F A  diet  was found  to 
be  associated with a r educ t ion  in diurnal  b lood  pres- 
sure in no rmotens ive  N I D D M  subjects with no rm a l  
U A E  (< 20 ~tg/min) as c o m p a r e d  to a C H O  diet  [29] 
or a diet  r ich in po lyunsa tu r a t ed  fat  [30]. The  influ- 
ence  of  d ie ta ry  fat on  a lbuminur ia  in diabet ic  pa- 
t ients has no t  rece ived  much  a t t en t ion  [31, 32] and 
the  effect  of  a m o n o u n s a t u r a t e d  fat  diet  has so far  
no t  b e e n  examined .  

W h e t h e r  a M U F A  diet  in N I D D M  pat ients  with 
mic roa lbuminur i a  affects me tabo l i c  parameters ,  sup- 
presses the b lood  pressure  and alters U A E  is un- 
known.  Thus, in a cross-over  design we c o m p a r e d  
the  impact  of  3 weeks '  t r e a t m e n t  with a M U F A - e n -  
r iched diet  with a s tandard  C H O  diet, on  metabo l ic  
control ,  24-h ambu la to ry  b lood  pressure  and U A E  in 
a g roup  of  N I D D M  pat ients  with pers is tent  microal-  
buminur ia .  

Subjects and methods 

Ten NIDDM patients (seven men and three women) with per- 
sistent microalbuminuria were randomly selected from the out- 
patient clinics. Additional criteria for inclusion were: age 50- 
75 years, diabetes duration greater than 1 year, and normal se- 
rum creatinine level. Patients with diabetic nephropathy, neuro- 
pathy or retinopathy (except background retinopathy) as well 
as patients taking hypolipidaemic agents were not included. In- 
formed consent was obtained from each patient before taking 
part in the study, as well as ethical committee approval. 
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Study design. A total dietary registration of caloric intake for 
4 days was performed in each patient and reviewed by a dieti- 
cian. Based on food models and standard tables of food com- 
position, individual isocaloric dietary schemes for a high- 
CHO-/low-fat diet and a low-CHO/high-MUFA diet were 
computed [25], aiming at providing the patients with a weight- 
maintaining diet. Patients were then assigned to either a CHO 
diet or a diet rich in MUFA for 3 weeks. This was followed by 
a wash-out period of 3 weeks after which the patients were 
switched to the opposite diets for an additional 3 weeks. The 
energy composition of the prescribed CHO diet was: 50 % 
CHO, 30 % fat, of which 10 % were MUFA. The MUFA-rich 
diet contained: 30 % carbohydrate and 50 % fat, of which 
30 % was MUFA. The amount of dietary fibre was 25 g/day in 
both diets. As a source of MUFA cold-pressed virgin olive oil 
(Elanthy, Piraeus, Greece) was used. Four patients started on 
the CHO diet and six patients started on the MUFA diet. Spe- 
cial rolls and meat dishes containing 8 g and 30 g of olive oil, 
respectively, were provided frozen from the clinic together 
with olive oil. During the dietary intervention the patients vis- 
ited the dietician once a week'for reviewing of food schemes 
and weighing. Caloric intake adjustments were performed if 
body weight differed more than 500 g from the initial value. 
Registrations of caloric intake for 4 days were repeated at the 
end of both diet periods and used for computation of the ac- 
tual energetic composition of the diets. Hypoglycaemic and an- 
tihypertensive drugs as well as insulin dosages were main- 
tained constant throughout the study. 

Before and after both diet periods, fasting blood samples 
were drawn in addition to measurements of 24-h blood pres- 
sure and UAE. Plasma glucose was measured by a glucose oxi- 
dase technique, serum fructosamine by a spectrophotometric 
technique [33], and HbAlc by HPLC [34]. Serum insulin was 
determined by radioimmunoassay as described by Orskov et 
al. [35] with minor modifications (normal level of fasting insu- 
lin in 42 healthy subjects (23 men, 19 women; age: 37 (21-53) 
(mean (range)) years; body mass index (BMI): 24.2 (16.8- 
29.6) kg/m 2) was 6 (4-7) mUff) (median 25th-75 th percentile)). 
Plasma C-peptide was assessed by a radioimmunoassay kit 
(Immunonuclear Corp., Stillwater, Minn., USA). Measure- 
ments of serum cholesterol by continuous-flow analysis [36], 
serum triglycerides by an enzymatic technique [37], serum 
(HDL)-cholesterol by a dextran sulphate-Mg 2+ precipitation 
procedure [38] and serum creatinine by a modified Jaffe's reac- 
tion [39] were all adapted to the Technicon CHEM 1 (R) ana- 
lyzer (Bayer A/S, Tarrytown, NY, USA). LDL-cholesterol and 
VLDL-cholesterol levels were calculated using the formula of 
Friedewald et al. [40]. Serum non-esterified free fatty acids 
were determined by a colorimetric method (Wako Chemicals, 
Neuss, Germany). UAE was measured by radioimmunoassay 
[41] and assessed as the mean of three 24-h collections. BMI 
was calculated as weight (kg)/height(m) ~ and used as an index 
of overall obesity. 

Diurnal ambulatory blood pressure was measured by a por- 
table automatic blood pressure monitor (SpaceLabs model 
90202, Redmond, Wash., USA) using oscillometry [42]. The 
device was programmed to measure blood pressure every 
20 min between 06.00 and 24.00 hours and every hour during 
the night. Patients recorded actual time for going to bed and 
rising in the morning for accurate appraisal of day and night 
blood pressures. 

Statistical analysis 

Values are given as mean + SD or median (25tla-75 th percen- 
tiles). UAE was log-transformed due to the positively-skewed 
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Table 1. Clinical characteristics of NIDDM patients studied 

Sex (men/women) 7/3 
Age (years) 66 (40-71) 
Diabetes duration (years) 11 + 6 
Fasting plasma glucose level (mmol/1) 8.6 + 2.5 
HbAlc (%) 8.1 + 1.5 
Body mass index (kg/m 2) 27.9 + 2.9 
Serum creatinine (~mol/1) 96 + 25 
Diabetes treatment (d/o/i) 0/7/3 
Antihypertensive treatment (yes/no) 3/7 

Mean + SD, median (range). d, Diet; o, oral hypoglycaemic 
agents; i, insulin 

Table 2. Recorded energetic composition during 3 weeks of 
dietary intervention 

CHO diet MUFA diet 

Energy (kJ) 6037 + 1785 7203 + 1599 a 
Carbohydrate (%) 47.9 + 3.7 34.2 + 4.0 
Protein (%) 17.5 + 3.5 13.4 _+ 2.7 b 
Fat (%) 29.9 + 3.8 50.3 + 6.3 
PUFA (%) 7.7 + 2.4 6.7 + 1.1 
MUFA (%) 9.0 _+ 1.4 30.3 + 4.5 
SAT (%) 10.2 + 1.8 10.0 + 1.2 
Alcohol (%) 1.5 (0.0-8.0) 1.0 (0.0-4.0) 

Mean + SD or median (25th-75tu percentile) 
ap < 0.001; bp < 0.03 vs CHO diet 

Table 3. Urinary excretion rates before and after 3 weeks of 
dietary intervention 

CHO diet MUFA diet 

Before After  Before After  

Sodium 158 169 162 149 
(mmol/day) (145-184) (127-177) (126-203) (132-173) 

Potassium 
(mmol/day) 72 + 23 70 + 21 70 + 24 71 + 18 

Creatinine 
(mmol/day) 11.0 + 3.8 10.8 _+ 3.8 10.4 + 2.9 10.7 + 3.5 

Mean + SD or median (25th-75 th percentile) 
Before vs After and CHO vs MUFA (ANOVA): NS 

distribution and is presented as the geometric mean x/+ anti- 
log SD. Where appropriate, 95 % confidence intervals (CI) 
are indicated. Baseline and endpoint differences between 
treatments as well as within-treatment changes were analysed 
using Student's t-test for paired comparisons or Wilcoxon's 
test for matched pairs. Between-treatment comparisons of 
overall dietary effects were analysed by repeated-measures 
analysis of variance (ANOVA). Correlations were evaluated 
using Pearson's r or Spearman's rho. A p-value less than 0.05 
was considered statistically significant. 

Power analysis. A mean change in 24-h systolic blood pressure 
of 9 mmHg (expected SD of the mean change: 9 mmHg) or 
in 24-h diastolic blood pressure of 4 mmHg (expected SD of 
the mean change: 9mmHg) holds a statistical power of 
80.4 % (c~ = 0.05) in a paired t-test. Similarly, expecting a 
mean reduction in albuminuria of 20 % (UAE-final/UAE- 
baseline = 0.80), calculation of power on the log-transformed 
figures (mean change -0.097) [expected SD of the mean 
change: log(1.200)] holds a power of 93 %. 
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Fig.1. Diurnal systolic and diastolic blood pressures after 
3 weeks treatment with a high carbohydrate/low fat diet (�9 
and a low carbohydrate/high MUFA diet ( � 9  No difference 
between the groups (ANOVA) 

Results 

Table I shows the clinical characterist ics of  the pa- 
tients. Table 2 outl ines the  results of  the  energy  com- 
posi t ion of  the diets as calculated f rom the individual  
registrat ions of food  intake conduc ted  at the  end  of  
each  t r e a tm en t  period.  The  r e c o r d e d  p ro te in  con ten t  
was slightly higher  in the  C H O  diet  than  in the  
M U F A  diet  (62.1 _+ 9.3 vs 56.4 + 12.4 g/day, p < 0.03). 
Sod ium and potass ium intake,  as es t imated  f rom the  
ur inary  e lec t ro ly te  excre t ion  rates  were  similar (Ta- 
ble 3). B o t h  diets were  wel l - to lera ted  and wi thout  
significant adverse  clinical effects. A slight decrease  
in b o d y  weight  was not iced  during bo th  t r ea tmen t s  
(CH O :  f rom 81.8 + 12.0 to 81.0 + 12.2 kg, p < 0.02 vs 
MU F A :  f rom 82.4 + 12.2 to 81.6 + 11.8 kg, p < 0.05), 

Figure i shows the 24-h b lood  pressure  prof i le  as 
r e c o r d e d  at the end  of  each t r e a t m e n t  per iod.  Twen- 
ty- four-hour  ambu la to ry  b lood  pressure  was similar 
be fo re  and af ter  the C H O  diet  ( f rom 145/78 + 25/10 
to 143/79 + 19/10, NS; m e a n  d i f fe rence  (95 % CI) - 2 
( - 1 0 - 7 ) / 1  ( - 2 - 4 )  m m H g )  as well as af ter  the 
M U F A  diet  ( f rom 140/78+16/8  to 143/79+ 
1 5 / 8 m m H g ) ,  NS; m e a n  d i f fe rence  (9 5 % CI) 4 
( -  3 -1 0 ) /2  ( -  1 -  5) m m H g .  Moreove r ,  b lood  pressure  
changes were  comparab le  during the  two diets bo th  
for  the  systolic (mean  d i f fe rence  (95 % CI) - 5  
( -  17-6) m m H g  and the diastolic b lood  pressure  - 1 
( -  5-3))  m m  Hg. F u r t h e r m o r e ,  no  changes were  found  
in e i ther  day or  night- t ime b lood  pressures  (Table 4). 

U A E  r em a in ed  stable bo th  during the  C H O  diet  
( f rom 32.4 x / +  2.1 to 36.0 x / +  1.9 ~g/min, NS; rela- 
t ive rise: 1.11 (0.87-1.41) (mean  rat io  (95 % CI)) as 
well as during M U F A  ( f rom 34.2 x / +  1.9 to 32.1 
x / +  2.1 gg/min, NS; re la t ive rise: 0.94 (0.78-1.12) 
(mean  rat io  (95 % CI)).  Moreove r ,  no significant dif- 
f e rence  in the  re la t ive  rise in U A E  was found  be- 
tween  the  C H O  and the M U F A  diets ( C H O  ratio/  
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slightly overestimated, since the patients were moni- 
tored on a weekly basis and since the changes in 
body weight were small and similar (< 1 kg) during 
both diets. A small weight reduction is common dur- 
ing this type of dietary intervention, as also seen in 
our patients, and is probably associated with the 
well-known tendency to underreporting (10-15 %) 
of energy content during food registration. The ques- 
tion arises whether this difference in energy and/or 
protein content could explain why no difference in 
blood pressure was detected as previously demon- 
strated in normoalbuminuric NIDDM patients [29]. 
To the authors' knowledge, no such evidence is pres- 
ently available in the literature. From a theoretical 
point of view, a further increase in energy content in 
the CHO diet would also increase the amount of 
MUFA, making the difference in MUFA between 
the two diets smaller, and the amount of saturated 
fat would be increased. Theoretically, an increase in 
MUFA content would, if anything, favour a decrease 
in blood pressure, while increasing the amount of sat- 
urated fat would, if anything, favour an increase [44, 
45]. No studies evaluating the effect of dietary pro- 
tein restriction on blood pressure or albuminuria in 
NIDDM patients with normo- or microalbuminuria 
have been published. In insulin-dependent diabetic 
patients protein restriction is known to produce mi- 
nor reductions in renal plasma flow, glomerular filtra- 
tion rate, albuminuria and blood pressure [46]. How- 
ever, the observed difference in the protein content 
in our study is very small compared to what is used 
in most clinical trials. Moreover, the protein content 
was already slightly higher during the CHO diet. 
Thus, increasing the energy content in the CHO diet 
would merely add to the difference in protein con- 
tent. 

It has long been recognized that a complementary 
exchange of dietary carbohydrate for unsaturated fat 
may influence blood pressure in both non-diabetic 
and diabetic subjects [44, 47, 48]. Recently, we found 
a significant reduction in day-time and 24-h systolic 
and diastolic blood pressure in 15 normoalbuminuric 
NIDDM patients treated with a MUFA diet as com- 
pared with a standard CHO diet for 3 weeks [29]. Us- 
ing the same design, however, we found no changes in 
blood pressure in microalbuminuric patients. The 
mechanism behind the blood pressure-lowering po- 
tency is so far unknown. Sacks et al. [49] observed 
no effects of MUFA on erythrocyte sodium-lithium 
countertransport activity, which is associated with es- 
sential hypertension. Studies in young Sprague-Daw- 
ley rats have documented that low-fat diets mark- 
edly reduce the receptor-mediated vessel reactivity, 
and particularly MUFA was observed to reduce the 
non-receptor-mediated contractile response [50]. 
Other studies in NIDDM patients have suggested an 
increased insulin sensitivity and a reduction in hyper- 
insulinaemia following the exchange of a CHO diet 

1073 

for a MUFA-rich diet [26, 27]. In the latter study of 
mildly diabetic patients, however, only a slight ten- 
dency towards an improvement was observed. Hy- 
perinsulinaemia may be a pathogenetic determinant 
in arterial hypertension [51-53], and it is possible 
that the blood pressure-lowering effect of MUFA 
may be mediated via an increased sensitivity to insu- 
lin action and a reduction in the concomitant hyperin- 
sulinaemia. In fact, some reports have suggested that 
NIDDM patients with microalbuminuria, in general, 
may be more insulin-resistant, than are their normo- 
albuminuric counterparts [54-56]. As seen in Ta- 
ble 5, no change was observed in insulin or C-pep- 
tide levels during either diet. This would, to some ex- 
tent, offer an explanation for the lack of changes in 
both blood pressure, UAE and metabolic parame- 
ters in our patients, and the question arises whether 
a sufficient influence on the hyperinsulinaemia was 
achieved to actually elicit a suppressive action on the 
blood pressure and modify other parameters associ- 
ated with the insulin-resistance syndrome [57, 58]. In 
this context it is worth noticing that no other inter- 
vention modalities, except blood pressure reduction 
(especially systolic), have appeared to be effective in 
reducing microalbuminuria in NIDDM [59]. The 
long-term consequences are, however, not known, 
and different antihypertensive drugs may not cause 
similar effects on the level of albuminuria. 

The LDL/HDL cholesterol ratio was significantly 
lowered during the MUFA diet as compared to the 
CHO diet. This is in accordance with other short- 
term studies in NIDDM showing that MUFA-rich 
diets may lower the total cholesterol to HDL-choles- 
terol ratio [24, 27, 28]. Moreover, a decrease in 
HDL-cholesterol has been described during a high- 
carbohydrate diet, but this is usually omitted or even 
increased during the high-MUFA diet [22, 27, 28]. 
Some studies, but not all, also describe minor reduc- 
tions in VLDL-cholesterol and serum triglyceride 
concentrations [24, 27, 28, 43]. We found no changes 
in individual lipoprotein fractions. Furthermore, we 
observed no adverse effects on glycaemic control 
during the high-carbohydrate diet, probably because 
the composition of this diet was similar to the pa- 
tients' usual diets. Plasma glucose and serum insulin 
concentrations are usually unaffected or slightly low- 
ered during MUFA diets, whereas CHO diets may 
be associated with adverse effects on glycaemic con- 
trol [25]. We did not measure day profile excursions 
in plasma glucose, serum insulin or triglycerides fol- 
lowing a CHO or MUFA test meal, and it is impor- 
tant to realize that even though fasting levels of glu- 
cose metabolism and lipids are unchanged, signifi- 
cant differences may be obtained postprandially [24, 
28, 29, 43]. In our previous study of normoalbumin- 
uric NIDDM patients we found higher day-long glu- 
cose levels but similar insulin and triglyce:ide levels 
during the high-CHO diet as compared to the high- 
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M U F A  diet  [29]. In ano the r  s tudy Garg  et  al. [60] 
found  similar glucose and insulin day- long profi les  
bu t  increased  insulin sensitivity in N I D D M  pat ients  
fol lowing a 3-week h i g h - M U F A  diet  as c o m p a r e d  to 
a h i g h - C H O  diet. 

The  di f ferent  act ions on  b lood  pressure  dur ing a 
l o w - C H O / h i g h - M U F A  and a h i g h - C H O / l o w - M U F A  
diet,  as previous ly  descr ibed  in no rmoa lbumin u r i c  
N I D D M  pat ients  [29] were  no t  found  in our  microal-  
buminur ic  patients.  In cont ras t  to a n u m b e r  of  studies 
glycaemic cont ro l  and lipids were  unaf fec ted  in the  
p resen t  s tudy during bo th  diets and no al terat ions in 
the  mic roa lbuminur ia  was observed.  In conclusion,  
this and  o the r  studies suggest tha t  M U F A  represen ts  
an a l ternat ive  in the  diets of  N I D D M  subjects [60]. 
H ow e ve r ,  mic roa lbuminur ic  pat ients  m a y  not  be  as 
sensitive to the effects  of  a change  in d ie ta ry  composi-  
t ion  as are  no rmoa lbuminu r i c  subjects. I t  is hypo the -  
sized that  a l tera t ions  in pa rame te r s  associated with 
the  insulin-resistance synd rome  are not  as easily 
mod i f i ed  in mic roa lbuminur ic  patients,  perhaps  due  
to the  p reva lence  of  a fu r the r  r educed  insulin sensi- 
tivity, which is genera l ly  e n c o u n t e r e d  in this g roup  of  
patients.  W h e t h e r  a longer  t r e a t m e n t  with a M U F A -  
rich diet  is necessary  in N I D D M  pat ients  be fo re  any 
benef ic ia l  effects  on  cardiovascular  risk marke r s  can 
be  unve i led  remains  to be  elucidated.  
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