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Effects of Diet Treatment on Some Biochemical
and Physiological Parameters in Patients with
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MEeraL, I. and Kacmaz, R.  Effects of Diet Treatment on Some Biochemical
and Physiological Parameters in Patients with Type 2 Diabetes Mellitus. Tohoku
J. Exp. Med., 2003, 200 (1), 25-30 —— The aim of the present study was to investi-
gate the effect of diet treatment on serum glucose, triglyceride (TG), total choles-
terol (TC), high density lipoprotein-(HDL) cholesterol, low density lipoprotein-
(LDL) cholesterol and very low density lipoprotein-(VLDL) cholesterol levels,
systolic and diastolic blood pressure and electrocardiograms (ECGs) in patients
with type 2 diabetes mellitus (DM). Twenty healthy subjects (mean age 45.9+3.
7 years) and newly diagnosed patients with type 2 diabetes prior to receiving diet
treatment (mean age 47.6+6.2 years) were included in this study. Diabetic
patients were given a standard dietary treatment that was composed of 509 to
55% carbonhydrate and 3094 fat (1200 kcal for women and 1600 kcal for men) for
2months. No diet treatment was applied for control. For both groups serum
glucose, TG, TC, HDL-cholesterol, LDL-cholesterol and VLDL-cholesterol levels,
systolic and diastolic blood pressure and ECGs were measured at the beginning and
end of the diet treatment. Although diet treatment decreased the elevated serum
glucose in diabetic patients, it still remained higher than that in the controls. Diet
treatment also decreased the elevated TG and VLDL-cholesterol in diabetic
patients to control values. Although heart rate and systolic blood pressure were
higher, diastolic blood pressure was not different in diabetic patients than those in
controls. Ventricular hypertrophy was also observed in ECGs of 109§ of diabetic
patients. Diet treatment normalized all of these findings, except systolic blood
pressure. This study showed that diet treatment could not normalize the high
systolic blood pressure in type 2 DM. Thus, an effective way of controlling blood
pressure should be taken to improve healing in DM. ——— diabetes mellitus;
ECGs; triglyceride; hypertension; diet treatment
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Insulin deficiency, resistance to the action
of insulin or both leads to the development of
diabetes mellitus (DM). About 9095 of people
with DM have non-insulin-dependent (type 2)
DM, while the other 1094 have insulin-dependent
(type 1) DM (Granner 1993). Type 2 DM leads
to abnormalities in carbohydrate, protein and
lipid metabolism, and increases the risk of
developing atherosclerotic arterial disease by
two- to six fold (Sacks 1997; Sekeroglu et al.
2001). It has been suggested that atherogenic
risk factors such as total cholesterol (TC), very
low density lipoprotein-(VLDL) cholesterol, trig-
lyceride (TG) and uric acid increase in type 2
diabetes (Yenigun 1997; Palmieri et al. 2001).
It has been also suggested that heart rate,
systolic blood pressure, pulse pressure, left
ventricular mass and its relative wall thickness
are higher in type 2 diabetes than in non-
diabetic individuals (Palmieri et al. 2001). In
long-term, cardiomyopathy and congestive
heart failure may also develop as a result of
impaired left ventricular function (Ozturk et al.
1998).

Most studies regarding DM have investigat-
ed the complications in type 2 diabetic patients
with no treatment and demonstrated that many
systems including cardiovascular and gastro-
intestinal systems have been affected in the
body (Ozturk et al. 1998). It has been suggested
that some complications of DM including high
serum glucose and TG concentrations could be
normalized by diet treatment (Goldberg 1981;
Pinar 1998). But there is no information
whether diet treatment could also normalize the
some cardiovascular complications of diabetic
patients.

investigate the effects of diet treatment on
serum glucose, TG, TC, high density lipoprotein-
(HDL) cholesterol, low density lipoprotein-
(LDL) cholesterol and VLDL-cholesterol levels,
systolic and diastolic blood pressure and electro-
cardiograms (ECGs) in patients with type 2 DM.

MATERIALS AND METHODS

Two study groups; control and newly
diagnosed untreated-type 2 DM were included.
The patients were admitted to the Social Insur-
ance Hospital (Van, Turkey) and diagnosed of
type 2 diabetes with fasting plasma glucose=
126 mg/100 ml (7 mmol/liter) were accepted as
diabetics (Sekeroglu et al. 2001). The diagnosis
was confirmed after oral glucose tolerance test.
Twenty patients were selected consecutively to
represent newly diagnosed untreated-type 2
diabetic patients. These patients underwent
standard dietary treatment for 2 months to
bring their weight back to ideal limits. The
diet was composed of 50-55% carbohydrate and
3094 fat (1200 kcal for women and 1600 kcal for
men). None of the patients had ketoacidosis or
had taken hypolipidemic drug. No diet or drug
treatment was applied to control group.
Twenty healthy individuals served as control
group matched for age, sex, body mass index
(BMI) and smoking status were selected from
hospital staff and other outpatients clinics.
The characteristics of control subjects, and type
2 patients are given in Table 1.

The study protocol was followed only after
obtaining the voluntary consents of the subjects.
A full explanation of the study protocol was
given to the subjects before their consents were

Thus, this study was designed to requested. The patients received care accord-
TasLe 1. Characteristics of diabetic patients and control subjects (Mean+s.p.)
Controls Diabetic Patients
(n=20) (n=20)
Age (year) 476+6.2 51.1+6.4
BMI (kg/m?), before-after the study 28.4+3.2-286+4.1 279+2.2-26.7+1.51
Sex (male: female) 9:11 11:9
Smoking (smokers: non-smokers) 8:12 8:12
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ing to the criteria outlined in the Ethics of the
World Medical Association (WMA Declaration
2000).

Blood samples were drawn after an over-
night fasting in all groups before and after the
study. Glucose was determined in the serum
samples by routine methods using glucose
oxidase on a Technicon DAX-24 (Technicon
Ltd., Swords Co., Dublin, Ireland) autoanalyser
(Yenson 1986). An automated enzymatic color-
imetric method by using commercial Kits
(Bayer, Germany) was performed for the serum
TG, TC and HDL-cholesterol determinations on
the Technicon DAX-24 autoanalyser (Technicon
DAX System Methods Manual 1994). Serum
LDL- and VLDL-cholesterol levels were calcu-
lated according to the method described by
Friedewald et al. (1972).

ECGs were recorded by a direct writing
electrocardiograph (Cardiofax 02611; Nihon
Kohden, Tokyo). All ECGs were standardized
at 1 mV =10 mm, with a chart speed of 25 mm/
sec. Leads I II,III,aVR, aVL, aVF, V1, V2,
V3,V4,V5 and V6 were recorded before the
blood withdrawal. Heart rate, and the dura-
tions and amplitudes of waves on the trace were
measured in lead II (Little and Little 1989).
Systolic and diastolic blood pressures in the
brachial artery were also measured indirectly
with the aid of a special sphygmomanometer
(Erkameter 3000, Chemnitz, Germany) before
the blood withdrawal (Little and Little 1989).

The data were expressed as mean with

standard deviation (sp.). Student’s f-test was
used to compare patients vs. control subjects
pre- and post-diet treatment. The paired /-test
was used to compare values before and after
2-month intervention period.

RESULTS

Table 2 shows pre- and post-diet treatment
results of serum glucose, TC, HDL-cholesterol,
LDL-cholesterol, VLDL-cholesterol and TG
levels in patient and control groups. Because
control values were almost the same before and
after the 2-month experimental period, only
parameters obtained form control subjects after
the 2-month experimental period are shown.
Glucose level was significantly higher (p <0.05)
in diabetic patients in both treated and untreat-
ed groups. Diet treatment decreased the ele-
vated glucose level in patients significantly (p <
0.05) compared to the untreated diabetic
patients. However, glucose level in the treated
group was still higher (»<0.05) than those in
controls. The TG and VLDL-cholesterol levels
of the untreated diabetic patients were signifi-
cantly higher (»<0.05) than those in controls.
However, diet treatment decreased the elevated
TG and VLDL-cholesterol levels of diabetic
patients to the control levels. There was no
difference in the TC, HDL-cholesterol and LDL-
cholesterol, among the groups.

Amplitudes and durations of waves, heart
rates and blood pressures of diabetic patients
and controls before and after diet treatment are

TaBLE 2. Biochemical parameters of diabetic patients and controls before and after diet treatment
(Mean+sp.)

Parameters Controls Diabetic patients before dietary Diabetic patients after dietary

(mg/100 ml) (n=20) treatment (%2=20) treatment (2=20)
Glucose 86.9+3.0% 348.6+27.7° 169.4+11.1¢
Total cholesterol 2129+126 231.9+16.9 2272+17.7
HDL-cholesterol 404+1.6 44.4+2.0 40.2+15
LDL-cholesterol 130.4+13.1 139.4+104 150.9+13.9
VLDL-cholesterol 40.2+6.3* 60.1+11.6° 384+3.6°
Triglyceride 201.2+31.92 290.0+58.2° 192.4+18.42

abe: Means in the same column with different superscripts significantly differ (p<0.05).
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TasLe 3.  Amplitudes and durations of waves, heart rates and blood pressurves of diabetic patients and
controls before and after diet treatment (Mean+s.p.)
Diabetic patients Diabetic patients
Paramters ol e ety sl dita
(n=20) (n=20)
Waves
P (seconds) 0.040+0.003* 0.080+0.007" 0.070+0.007"
P (mv) 0.10+0.03 0.134+0.04 0.10+0.02
QRS (seconds) 0.060+0.008 0.060+0.009 0.050+0.006
QRS (mV) 0.55+0.04 0.70+0.07 0.70+0.07
T (seconds) 0.14+0.03 0.12+0.03 0.18+0.03
T (mV) 0.25+0.04 0.2040.04 0.25+0.05
P-Q (seconds) 0.204-0.03 0.164-0.04 0.16+0.04
Q-T (seconds) 0.164+0.02 0.164-0.02 0.18+0.02
Heart rate (beats/minutes) 76.94-8.22 105.1+11.4° 67.3+12.6
Blood pressure (mm-Hg)
Systolic 117.0+13.8% 114.0+23.8° 139.0+22.4°
Diastolic 76.0+9.8 87.0+17.8 85.0+11.9

ab: Means in the same column with different superscripts significantly differ (p <0.05).

shown in Table 3. These readings are the rep-
resentatives of the majority of subjects. Simi-
lar to biochemical findings because control
values were almost the same before and after
the 2-month experimental period, only parame-
ters obtained form control subjects after the
2-month experimental period are shown. In
control group, P wave was negative in lead aVR
and positive in other leads. The mean duration
of P wave was 0.040+0.003 seconds and its
mean average amplitude was 0.10+0.03mV. Q
wave was only seen in leads I, aVL, V1, V2, V3,
V4,V5 and V6. The mean duration of QRS
complex was 0.060+0.008 seconds and its mean
average amplitude was 0.55+0.04 mV. T wave
was negative in leads aVR and V1, and positive
in other leads. The mean duration of T wave
was 0.14+0.03 seconds and its mean average
amplitude was 0.25+0.04 mV. The heart rates
of control subjects were 78.94+8.25 beats/min-
utes. It was found that the mean duration of P
wave increased (p<0.05) in the both patient
groups. Although heart rate increased (p<O0.
05) in untreated patients with type 2 DM, it
decreased to control level in the treated group.

Although mean electrical axis was +85+9.3" in
control group, it decreased (» <0.05) to +71+8.
6° in the untreated patients group. The mean
electrical axis +75=+7.7° in the patients on treat-
ment was still lower (p<0.05) than those in
control group.

Systolic and diastolic blood pressures of
control subjects, patients with type 2 DM
untreated and with type 2 DM treated groups
are shown in Table 3. Although systolic blood
pressure increased (p<0.05), diastolic blood
pressure did not change in untreated type 2
diabetic group. Diet treatment did not
decrease (p<0.05) the elevated systolic blood
pressure of diabetic patients.

DISCUSSION

The results of the present study indicated
that diet treatment significantly decreased the
elevated glucose level of diabetic patients. It
has been suggested that diet treatment
decreases the resistance to the insulin-dependent
glucose uptake causing an increase in glucose
transport into the cells with a consequent
decrease in serum glucose concentration (Pinar
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1998). Diet treatment did not decrease the
glucose level to the control level in our study.
This indicates persistence of resistance to the
insulin action with or without circulating insulin
in the body despite the diet and antidiabetic
drug treatment.

Diet treatment also decreased the elevated
TG and VLDL-cholesterol levels of diabetic
patients to the control level in the present study.
Our finding is consistent with those of other
researchers (Goldberg 1981; Ferri et al. 1999).
It has been suggested that increase in VLDL-
cholesterol and TG levels in type 2 diabetic
patients was due to the resistance to insulin-
dependent glucose uptake which increases the
serum glucose concentration, leading an
increase in hepatic VLDL-cholesterol and TG
synthesis and secretion (Reaven and Mondon
1984; Reaven 1988). Thus, VLDL-cholesterol
and TG secretion is related to the serum glucose
concentration. This also explains the normal-
ized VLDL-cholesterol and TG level in diet drug
treated patients who have lowered glucose con-
centration.

The heart rate and systolic blood pressure
increased, diastolic blood pressure did not
change in untreated patients with type 2
diabetes. Our results were consistent with the
results of some other researchers who showed
an increase in systolic blood pressure and heart
rate, and impaired left ventricular function in
type 2 diabetic patients (Claudi et al. 2000;
DeSimone et al. 2000). It has been suggested
that there is a relationship between the hyper-
tension, insulin resistance and DM (Palmieri et
al. 2001). Patients with type 2 diabetes had
higher systolic blood pressure, pulse pressure
and heart rate (Palmieri et al. 2001). Left
ventricular mass and relative wall thickness
were also higher in diabetic than non-diabetic
subjects (Palmieri et al. 2001). DeSimone et al.
(2000) investigated the cardiac abnormalities in
diabetic patients and found that patients had
higher systolic blood pressure and left
ventricular dimension. In long-term diabetes,

cardiomyopathy and congestive heart failure
may develop as a result of impaired left
ventricular function (Ozturk et al. 1998). We
did not observe any cardiomyopathy or conges-
tive heart failure in the present study probably
due to shorter duration of diabetes in the newly
diagnosed untreated patient group. Although
diet treatment normalized the heart rate, left
ventricular function and mean electrical axis of
diabetic patients, it did not decrease the ele-
vated systolic blood pressure. Similar to our
result, Kjeldsen et al. (2000) suggested that
diabetic patients needed more medication than
non-diabetic patients to gain blood pressure
control. They also emphasized the need for
two or more drugs to control high blood pres-
sure in most of these patients. Thus, diet treat-
ment alone might not be enough to decrease the
elevated systolic blood pressure in diabetic
patients.

It was concluded that some of the compli-
cations occured in DM could be normalized by
diet treatment. However, DM 1is associated
with less blood pressure response despite the
diet treatment. Thus, to be able to get better
results in the treatment of diabetic patients, an
effective way of controlling high blood pressure
should be considered. However, two months of
dietary treatment might be too short to demon-
strate the blood pressure response of diabetic
patients. Therefore, more studies with longer
time of dietary treatment are needed to evalu-
ate the blood pressure changes in DM.

References

Claudi, T., Midthjell, K., Holmen, J., Fougner, K,
Kruger, O. & Wiseth, R. (2000) Cardiovas-
cular disease and risk factors in persons with
type II diabetes diagnosed in a large popula-
tion screening: The Nord-Trondelag Diabetes
Study, Norway. J. Intern. Med., 248, 492-500.

DeSimone, G., Mureddu, G.F., Vaccaro, O., Greco, R.,
Sacco, M., Rivellese, A., Contaldo, F. &
Riccardi, G. (2000) Cardiac abnormalities in
type 1 diabetes. [Ital. Hewt. J., 1, 493-499.

Ferri, C., Bellini, C., Desideri, G. Valenti, M.,



30 I. Meral and R. Kacmaz

DeMattia, G., Santucci, A., Hollenberg, N.K.
& Williams, G.H. (1999) Relationship
between insulin resistance and nonmodulating
hypertension. Diabetes, 48, 1623-1630.

Friedewald, W.T., Levy, RI. & Fredrickson, D.S.
(1972) Estimation of the concentration of low
density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge.
Clin. Chem., 18, 499-502.

Goldberg, R.B. (1981) Lipid disorders in diabetes.
Diabet. Care, 4, 561-572.

Granner, D.K. (1993) Hormones of the pancreas
and gastrointestinal tract. In: Harper’s Bio-
chemistry, 23th ed., edited by R.K.Murray,
DK. Granner, P.A. Mayes & V.W. Rodwell,
Lange Medical Publications, Connecticut,
USA.

Kjeldsen, S.E., Dahlof, B., Devereux, R.B., Julius, S,
DeFaire, U., Fyhrquist, F. Ibsen, H,,
Kristianson, K., Lindholm, L.H., Lindholm,
L.H., Nieminen, M.S., Omvik, P., Oparil, S. &
Wedel, H. (2000) Lowering of blood pressure
and predictors of response in patients with left
ventricular hypertrophy: the LIFE study.
Losartan Intervention For Endpoint. Awm. J.
Hypertens., 13, 899-906.

Little, RC. & Little, W.C. (1989) Physiology of
Heart and Circulation. Year Book Medical
Publishers Inc., Chicago, pp. 117-248.

Ozturk, Y., Altan, V.M. & Ari, N. (1998) Diabetic
Complication in experimental models. 77. /.
Med. Sci., 22, 331-341.

Palmieri, V., Bella, J.N., Arnett, DK., Liu J.E., Ober-
man, A., Schuck, M.Y., Kitzman, D.W., Hop-
kins, P.N., Morgan, D., Rao, D.C. & Devereux,

R.B. (2001) Effect of type II diabetes mellitus
on left ventricular geometry and systolic func-
tion in hypertensive subjects: Hypertension
genetic epidemiology network (HyperGEN)
study. Circulation (online), 103, 102-107.

Pinar, R. (1998) Diabetes and Its Control. Merve
Printing House, Istanbul, pp. 141-153.

Reaven, G.M. & Mondon, CE. (1984) Effect of in
vivo plasma insulin levels on the relationship
between perfuse free fatty acid concentration
and triglyceride secretion by perfused rat
livers. Horm. Metab. Rev., 16, 230-232.

Reaven, G.M. (1988) Role of insulin resistance in
human disease. Diabetes, 37, 1595-1607.

Sacks, D.B. (1997) Implications of the revised criter-
ia for diagnosis and classification of diabetes
mellitus. Clin. Chem, 43, 2230-2233.

Sekeroglu, M.R., Sahin, H., Dulger, H. & Algun, E.
(2001) The effect of dietary treatment on
erythrocyte lipid peroxidation, superoxide
dismutase, glutathione peroxidase, and serum
lipid peroxidation in patients with type 2
diabetes mellitus. Clin. Biochem., 33, 669-674.

Technicon DAX System Methods Manual (1994)
Miles Inc., Diagnostic Division, Tarrytown,
NY, USA.

World Medical Association Declaration of Helsinki
(2000) 52nd WMA General Assembly, Edin-
burg, Scotland.

Yenigun, M. (1997) Cardiovascular Diabetes. Istan-
bul University Printing House, Istanbul, pp.
438-439.

Yenson, M. (1986) Clinical Biochemistry, 6th ed.,
Beta Press, Istanbul, pp. 365-429.




