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ABSTRACT. To evaluate the influence of serum Lp(a) concentration on hypertension in patients
with diabetes mellitus (DM) and under treatment with oral hypoglycemic agents or insulin
injections, we studied 122 patients, 82 females and 40 males with a mean age of 63 + 10 years
and duration of DM and HTN of 7.4 £ 5.8 and 3.2 + 4.6 years, respectively. The mean systolic
and diastolic blood pressure (BP) were 138 +23 mmHg and 83 + 12 mmHg, respectively. In this
cross-sectional study, we measured serum lipoprotein(a) (Lp(a), glycosilated hemoglobine
(HbAlc) and other lipids while the patients were receiving either oral hypogycemic agents or
insulin. In addition, body mass index (BMI) and creatinine clearance (CrCL) were asessed. The
mean serum Lp(a) was 22.2 + 24.7 mg/dl (median: 18.3 mg/dl), and serum Lp(a) levels > 30
mg/dl was found in 29 (23.8%) patients. There were significant positive correlations of duration
of DM and duration of hypertension, and serum Lp(a) levels with of systoli and diastolic levels of
BP. However, a significant inverse correlation of serum Lp(a) with CrCL were observed. This
study suggests that kidney function is an independent determinant of Lp(a) and HTN in diabetic
patients. Furthermore, Lp(a) in diabetic patients may have important implications for the
increased susceptibility to vascular disease in these patients.
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type 1 diabetes, hypertension may reflect
the onset of diabetic nephropathy.” Hyper-
tension substantially increases the risk of
both macrovascular and microvascular com-
plications, including stroke, coronary artery
disease, and peripheral vascular disease, reti-
nopathy, nephropathy, and possibly neuro-
pathy.z’3

Lipoprotein(a) (Lp(a) is a heterogeneous
macromolecule that consists of a glyco-
protein apolipoprotein(a), which is disulfide-
linked to apolipoprotein B-100 on an LDL
core.”’ Apolipoprotein(a) exhibits size poly-
morphism, which is closely linked to Lp(a)
density and concentrations.” The limited dis-
tribution of Lp(a) in a few animal species
implies that it is not essential in lipoprotein
metabolism.” However, it is clinically impor-
tant because its concentrations are primarily
genetically determined, associated with athe-
rosclerotic disease, and less affected by
lifestyle or medication.®'® Lp(a) concentra-
tions are quite constant in an individual.'"
4 Moreover, Lp(a) is an independent risk
factor for cardiovascular disease.'>"®

Several studies have reported high con-
centrations of Lp(a) in diabetic patients,
which has led to speculation that Lp(a) may
contribute to the greatly increased inci-
dence of vascular disease associated with
diabetes.'*?° Considerable debate remains,
however, regarding the precise cause of
supranormal Lp(a) levels in diabetics.'?!

In nondiabetic patients, renal disease co-
rrelates with elevated levels of Lp(a) that
are normalized by kidney transplantation.'®
Recent studies have also demonstrated uri-
nary excretion of Lp(a) degradation pro-
ducts,''”'® but evidence for active role of
the kidney in Lp(a) catabolism is not
established yet. Renal disease is a frequent
complication of diabetes that has prompted
speculation that kidney dysfunction is the
principal cause of raised Lp(a) in type 1 and

type 2 diabetic patients.lg'23

Observational and clinical studies have
demonstrated that elevated systolic blood
pressure (SBP) confers significantly higher
risk of all cause and coronary heart disease
mortality than elevated diastolic blood pre-
ssure (DBP) or combined systolic/diastolic
hypertension, especially in those with
diabetis mellitus.”**> More recent studies
revealed an association between Lp(a) and
hypertension. In vitro experiments have
illustrated that oxidized Lp(a) is able to
impair the arterial endothelium-dependent
dilation, and suggested a possible role of
Lp(a) in the genesis of essential hyper-
tension.*®"

Hence, although dyslipidemia and hyper-
tension occur together more often than can
be explained by chance, few studies have
carefully explored the nature of the rela-
tionship between plasma Lp(a) levels and
hypertension in diabetic patients.

The aim of this study is to evaluate the
influence of serum Lp(a) concentration on
hypertension in diabetic patients with va-
rious kidney functions and not yet on
dialysis.

Patients and methods

This cross-sectional study was conducted
on diabetic mellitus patients who admitted
in the hospital for controlling the diabetes
with either oral hypoglycemic agents or
insulin. We included in the study patients
who developed hypertension and received
antihypertensive therapy. Exclusion criteria
included acute or chronic infections and
use of lipid-lowering medications. The
study was performed at Hajar Medical
Educational and Therapeutic Center of
Shahrekord University of Iran from July to
August of 2005. All patients signed con-
sent forms for participation in this study.
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Table 1. Patients’ data and laboratory tests of the 122 study patients

Parameters Minimum Maximum Mean + SD Median
Age (years) 25 84 6311 64
Duration of DM (years) 0.1 25 7.4 +£6.8 6
Duration of HTN (years) 0.00 25 32+45 0.80
BMI(kg/m’) 30 53 255+45 25.3
Systolic BP (mmHg) 100 180 138 £23 140
Diastolic BP (mmHg) 50 130 8312 80
Cretinine Clearance (ml/min) 10 110 64 £24 64
Lp(a) (mg/dl) 0.10 134 222 +£24.8 18.3
Alb (g/dl) 2.5 7.5 49+ 1 4.9
Total protein (g/dl) 5 12.5 7.2+09 7
HgbA1C % 3.9 13.3 7.6+1.9 7.6
Chol (mg/dl) 90 388 198 £52 192
Tg (mg/dl) 37 580 183 £102 155
LDL (mg/dl) 44 210 112 £37 112
HDL (mg/dl) 19 128 47 £ 18 44

After admission to hospital, detailed me-
dical history was obtained, and careful
physical exam was performed. A trained
physician measured all baseline BP using a
random-zero manometer. Two BP and heart
rate measurements were averaged to esta-
blish the baseline BP and heart rate varia-
bles. Follow-up BP included two measures
on a single day after at least 30 minutes of
rest. Hypertension was diagnosed accor-
ding to WHO guidelines31 and the seventh
report of the joint national committee on
prevention, detection, evaluation and treat-
ment of high blood pressure.*?

Blood samples were collected after 12 hour
overnight fasting and centrifuged within 15
min of venopuncture. Serum Lp(a) were
measured by enzyme-linked immunosor-
bent assay kit (Macra® Lp(a) manufactured
by Strategic Diagnostics Inc. for Trinity
Biotech USA, Jamestown, NY, USA). The
test is a sandwich assay which utilizes both
a monoclonal and polyclonal antibodies,
which specifically bind to the apolipo-
protein (a) moiety of Lp(a). All samples
were run in duplicate and the results were

expressed in mg/dl; the intra- and inter-
assay coefficients of variation for this me-
thod were < 5% and < 10%, respectively.
Lp(a) levels of 30 mg/dl was considered as
the threshold value of risk for its patho-
logical effect.

Glycosilated hemoglobine (HbAlc) was
measured by chromatography method using
Hb-Gold of UK; normal level in our labo-
ratory is < 6.1%. Levels of serum Albu-
min (Alb), serum creatinine (creat), blood
urea nitrogen (BUN) total protein, trigly-
cerids (Tg), cholestrol (Chol), and high
density lipoprotein (HDL) were measured
using standard methods. Body mass index
(BMI) was calculated using the standard
formula (weight in kilograms/height in
square meters; kg/m”). Serum LDL-C was
calculated by friedewald's formula.* Crea-
tinine clearance(CrCL) was evaluated from
serum creatinine, age and body weight.34

Statistical analysis

Results are expressed as the mean + SD
and median values. Statistical correlations
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Figure 1. Positive correlation of duration of
DM with duration of hypertension
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Figure 3. Significant positive correlation of
serum Lp(a) with systolic blood
pressure
r=0.17,, p= 0.049
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Figure 2. Significant inverse correlation of
serum Lp(a) with creatinine
clearance (CrCl)

Figure 4. Significant positive correlations of
serum Lp(a) with diastolic blood
pressure

were assessed using a partial correlation
test. Comparison between female and male
genders data was assessed using students’t
test. For normalization of the serum Lp(a)
data, the cube root of Lp(a) was used. All
analyses were performed with the SPSS sta-
tistical package (version 11.0 for Windows;
SPSS, Chicago). Statistical significance was
determined at value of p <0.05.

Results

Table 1 shows the baseline characteristics
of the study patients. The study included 122

patients (82 females, 40 males) with a
mean age of 63 + 10 years. The mean dura-
tion of diabetes and hypertension were 7.4
+ 5.8 years (median: 6 years) and 3.2 £ 4.6
years (median: 96 months), respectively.
The mean systolic and diastolic BP were
138 £ 23 mmHg and 83 + 12 mmHg, res-
pectively. The mean serum Lp(a) was 22.2
+ 24.7 mg/dl (median: 18.3 mg/dl). Serum
Lp(a) levels > 30 mg/dl was found in 29
patients (23.8%).

Figure 1 shows a significant positive cor-
relation of duration of DM and HTN (r=
0.45, p < 0.0001) including systolic (r=
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0.32, p < 0.001) and diastolic BP (r=0.18,
p= 0.04). A significant positive correlation
of duration of HTN with age of patients
(r= 0.32, p < 0.0001) was also found. We
found a significant inverse correlation of
duration of DM with CrCL (r= - 0.51, p <
0.001), and duration of HTN with CrCL
(r=-0.18, p=0.041).

Figure 2 shows a significant inverse cor-
relation of serum Lp(a) with CrCL (r= -
0.19, p= 0.03). We did not find a signi-
icant correlation of serum Lp(a) with age,
duration of HTN or DM, BMI, serum Alb,
total protein, lipids, and serum HgAlc.

Figure 3 shows a significant positive cor-
relation of serum Lp(a) with systolic blood
pressure (r=0.18, p= 0.05).

Figure 4 shows a significant positive cor-
relation of serum Lp(a) with diastolic HTN
(r=0.17, p=0.049 ).

Discussion

Our results demonstrated significant posi-
tive correlations of duration of DM and
HTN, and of serum Lp(a) concentration
with systolic and diastolic blood pressure.
In addition, we found a significant inverse
correlation of duration of DM and serum
Lp(a) with creatinine clearance.

Schaars et al, gathered data of 895 ran-
domly selected diabetic patients from the
electronic medical records of 95 general
practitioners, showed that 652 patients
(73%), were hypertensive in the last year.”

Wildman et al, studied the relationship
between baseline measures of serum lipo-
proteins and incident hypertension in older
adults in 187 patients with systolic blood
pressure (SBP) <160 mmHg, diastolic
blood pressure (DBP) <90 mmHg) at base-
line and followed them for 8 years, and
measured total cholesterol, low-density lipo-
protein cholesterol, high-density lipoprotein

cholesterol (HDL-C), HDL(2)-C, HDL(3)-
C, triglycerides, and apolipoproteins 1, 2,
and B.They demonstrated that older adults
with abnormal serum lipoproteins were at
increased risk of developing hypelrtension.29

In 1992, Sesso et al, conducted a pros-
pective study on 16,130 middle-aged and
older female health professionals who had
no history of high cholesterol level or
hypertension. During 10.8 years of follow-
up, incident hypertension developed in
4593 (28%) women. They illustrated with
follow-up of lipid levels that atherogenic
dyslipidemias were associated with the
subsequent development of hypertension
among healthy women.*

Recent studies suggest that Lp(a) can act
as a marker for determining vascular or
tissue injury.(”30 In a study conducted by
Bhavani et al, on a total of 37 essential
hypertensive patients, it was observed that
the hypertensive patients had higher plasma
concentrations of Lp(a) (more than 30
mg/dl), total cholesterol (TC), low-Density
lipoprotein-cholesterol, and triglycerides
than controls. Lp(a) values correlated signi-
ficantly with SBP and DBP.”° In a similar
study, Catalano et al, reported significantly
elevated levels of plasma Lp(a) in 123
Caucasian essential arterial hypertensive
patients.3 7 Recent report from Fytili et al,
suggested that arterial hypertension is asso-
ciated with elevated Lp(a) levels in patients
of end-stage renal disease. In their study, it
was observed that Lp(a) levels were signi-
ficantly higher in the hypertensive patients,
but that difference was not significant from
the non-renal failure patients.”®

There are no adequate studies conducted
on the influence of Lp(a) on HTN in dia-
betic patients, however, there is a strong
epidemiological connection between hyper-
tension in diabetes and adverse outcomes
of diabetes. Recent studies demonstrated that
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Lp(a) is an independent risk factor for the
progression of diabetic nephropathy in type
2 diabetic patients with overt proteinurial.3 940
Macroalbuminuria was uniformly associated
with significantly raised plasma concentra-
tions of Lp(a) regardless of the marker used
to identify kidney dysfunction. Moreover,
altered kidney function, measured by creati-
nine clearance or creatinine levels, is a major
determinant of raised Lp(a) levels in micro-
albuminuric and normoalbuminuric diabetics
patients.'>'® Studies in nondiabetic patients
have firmly established renal disease as a
cause of increased plasma Lp(a) levels.'®

Increased levels of Lp(a) are an inde-
pendent risk factor for vascular disease in
the general populaltion9’10’13 and in diabetic
patients.4146 In view of these considerations,
defining the relationship between renal com-
plications and Lp(a) in diabetic patients is
important. Studies that have considered renal
disease, usually expressed as albuminuria or
the emerege of hypertension®’ and increased
plasma levels of Lp(a) in patients with
renal disease who have either type 2334 or
type 1227737 diabetes were reported.

In conclusion, our results suggest that
serum Lp(a) concentration aggravate hyper-
tension and identify kidney failure as a
primary determinant of raised Lp(a) in dia-
betic patients. This has important impli-
cations for the increased susceptibility to
vascular disease associated with Lp(a) in
diabetic patients.
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