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Abstract:

Background:

The existing literature reports results on the association of lipid parameters with the level of insulin secretion and the risk of arterial hypertension.

Objective:

This study evaluated the role of the insulin dosage and lipid fractions in the risk of arterial hypertension in type 2 diabetic patients in Western
Algeria.

Methods:

This  was  a  cross-sectional  observational  study  involving  101  subjects  with  type  2  diabetes  mellitus.  The  data  collected  was  about  the
biodemographic profile of the participants. We performed multiple regressions to test the effect of insulin concentration on the parameters studied.

Results:

The multiple regression analytical study showed that HOMA-IR, BMI and waist  circumference were predictors for the insulinemia response
variable (P<0.05). It should be noted that in insulinopenia, insulin secretion is positively and significantly correlated with non-HDL-C (P=0.037),
and it is also significantly and positively correlated with LDL-C (P=0.042). Multiple regression also shows that SBP and DBP are significantly and
positively related to insulin resistance. Our data suggest a possible direct relationship between fasting insulin and blood pressure.

Conclusion:

Monitoring of circulating insulin concentrations is critically important in a population of type 2 diabetics.
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1. INTRODUCTION

The question is whether the association of lipid fractions
with  the  level  of  insulin  secretion  and  the  risk  of  arterial
hypertension,  reported  in  the  literature,  prevails  in  our  study
population.

With  regard  to  the  association  of  lipid  parameters  with
insulin  secretion  level  and  risk  of  arterial  hypertension,  the
existing literature reports controversial results, particularly in a
specific sex or ethnic subgroup [1].
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Some  epidemiological  studies,  including  cross-sectional
and longitudinal studies have indicated that insulin levels thus
secreted are associated with Blood Pressure (BP) as well as the
incidence of arterial hypertension [2].

It  has  been  well  established  that  high  blood  pressure
(arterial  hypertension)  tends  to  coexist  with  diabetes  [3].  In
addition,  risk  factors  for  arterial  hypertension  and  diabetes
mellitus are likely to coincide and it has been hypothesized that
insulin  resistance  may  be  the  underlying  pathophysiological
mechanism [4, 2].

In addition, among the limited prospective studies on the
association  of  insulin  levels  with  the  incidence  of  arterial
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hypertension,  most  of  them have  been  conducted  in  a  single
sex or ethnic group [5, 6].

However,  the  CARDIA  study  prospectively  examined
fasting  insulin  levels  in  relation  to  the  incidence  of  arterial
hypertension in a large cohort [7].

The aim of this study was to evaluate the role of the insulin
dosage and lipid fractions in the risk of occurrence of arterial
hypertension in type 2 diabetic patients in western Algeria.

2. MATERIALS AND METHODS

This  is  a  cross-sectional  observational  study  of  101
subjects with type 2 diabetes in Western Algeria. Participants,
both male and female, were admitted to the University Hospital
Centre in Tlemcen. Participants were recruited by general prac-
titioners, and hospitalized for one day at the hospital unit for
hormone  testing  and  only  those  who  were  diagnosed  with
diabetes  mellitus  and  were  on  oral  hypoglycemic  agents  or
insulin  stayed  at  the  hospital.  This  study  took  place  from
January  to  September  2018.

All  the  patients  with  arterial  hypertension  and  diabetes
mellitus  were  included  in  our  study.  Diabetic  patients  were
considered to have fasting blood glucose levels greater than or
equal  to  1.26  g/l  and  hypertensive  patients  were  considered
with permanently elevated blood pressure levels of 160 mm Hg
for systolic numbers and/or 95 mm Hg for diastolic numbers.
However,  it  is  currently  accepted  that  a  diabetic  patient  is
hypertensive even at blood pressure values of 140/80 mm Hg.
The  criteria  for  exclusion  of  patients  with  secondary  arterial
hypertension, associated with diabetes mellitus have not been
defined.

The  data  was  collected  regarding  the  biodemographic
profile of the participants (age, sex, BMI, heredity, degrees of
inbreeding),  carbohydrate  balance  based  on  fasting  blood
glucose alone (≥1.26 g/l) and finally blood samples with deter-
mination of insulin secretion markers, insulin, and C-peptide,
used as markers of variable insulin secretion deficits.

Venous  blood  was  collected  after  fasting  of  at  least  8
hours.  We  collected  5  ml  of  blood  in  a  heparin  tube  for  the
biochemical  test.  Blood  glucose,  total  cholesterol,  HDL-C,
LDL-C  and  triglycerides  were  measured  using  standard
enzyme procedures (SFBC or IFCC recommendations) on the
Beckman CX7® PLC (Beckman-Coulter®, NY USA).

The sample for the determination of insulin and C-peptide
was  taken  in  a  dry  tube.  The  assay  was  conducted  by  using
ECLIA Roche electrochemiluminescence on Modular E170.

The  degree  of  Insulin  Resistance  (IR)  is  estimated  by
measuring glucose and insulin and/or C-peptide concentrations
in  a  blood  sample  collected  from  a  fasting  patient  on  an
Ethylene-Diamine-Tetra-Acetic  acid  Medical  (EDTA)  tube.
Calculations  are  then  made  using  the  data  to  obtain  a
reasonable estimate of the degree of IR. This is an assessment
called  homeostatic  assessment  model-insulin  resistance
(HOMA-IR). HOMA is a structural computer model, available
on the Internet (www.dtu.ox.ac.uk). The calculation is based on
the glucose/insulin regulation loop. In general, HOMA scores
are interpreted as follows:

The higher the number >1, the higher the degree of IR [8].
Patients  were  only  considered  eligible  for  the  study  after
obtaining their consent. This study protocol was approved by
an ethics committee.

2.1. Statistical Analysis

The results are expressed in mean±standard deviation and
in percentages (%). We used Tuky's test and the Dunn's test for
comparisons between averages. The chi-square test was used to
compare the percentages.

We  performed  multiple  regressions  to  test  the  binding
between insulin and other parameters studied. The significance
threshold was set at P<0.05.

Data processing was performed using Minitab 16 software.

3. RESULTS

The study population consisted of 73 women (72%) and 28
men (28%). The average age was 58.23±10.16 years. This was
an inbreeding population with an inbreeding rate of 53%. More
than 55% of individuals had one or both parents with diabetes.
The average body mass index (BMI) was 30.16±5.82 Kg/m2.
of  all  the  people  surveyed,  30%  were  known  to  be  hyper-
tensive and undergoing hypotensive therapy.

The type 2 diabetic population had a fairly variable insulin
secretion. Considering that the normal values are between 10
and 20 µU/l, we obtained a percentage of type 2 diabetics with
insulin secretion deficiency of 53%. While 30% were insulin-
resistant, 17% of them produced an excess of insulin >20 µU/l.

In Table 1, these three groups does not differ significantly
in  characteristics  related  to  age,  BMI,  waist  circumference,
inbreeding,  smoking,  SBP or  DBP values,  lipid  status,  or  C-
Reactive  Protein  (CRP),  although  the  latter  is  higher  in  the
insulin-resistant  class  (P>0.05).  On  the  other  hand,  the
insulin/glycemia ratio, C-peptide, HOMA-IR, %β and %S are
significantly different in the three groups (P<0.05).

Table 1. Anthropometric and metabolic characteristics associated with insulin secretion levels.

Level of Fasting Insulin Secretion
Insulinopenia
0 à10µU/ml
N=53 (53%)

Insulin resistance
10 à 20µU/ml
N= 30 (30%)

Hyperinsulinisme
>20µU/ml

N= 17(17%)
P-value

Associated characteristics

Sex H 18 (33%)
F 36 (67%)

H 6 (20%)
F 24 (80%)

H 4 (24%)
F 13 (76%) 0.389

Age (years) 59.87±9.92 61.40±9.58 55.00±8.02 0.084
Glycemia (g/l) 1.976±0.940 1.788±0.801 2.100±0.973 0.483
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Level of Fasting Insulin Secretion
Insulinopenia
0 à10µU/ml
N=53 (53%)

Insulin resistance
10 à 20µU/ml
N= 30 (30%)

Hyperinsulinisme
>20µU/ml

N= 17(17%)
P-value

Insulin/glycemia 10.79±7.54 24.06±14.86 62.2±42.3 0.000
Peptide C 0.1873±0.1754 1.1937±0.2571 3.405±1.744 0.000

Glycated hemoglobin (%) 7.593±1.152 7.699±1.033 7.677±1.200 0.908
HOMA-IR 1.458±1.607 2.357±1.577 5.247±3.759 0.000

Β% 44.42±49.23 64.86±53.16 104.3±101.1 0.007
S% 95.75±41.48 48.95±12.65 23.83±8.49 0.000
BMI 29.873±4.949 31.04±6.70 29.53±7.01 0.609

Waist circumference (cm) 104.11±13.86 106.67±13.02 102.71±19.59 0.628

Consanguinity Yes 25 (46%)
No 29 (54%)

Yes 17 (57%)
13 (43%)

Yes 8 (47%)
9 (53%) 0.644

Heredity in diabetes Yes 29 (54%)
No 25 (46%)

Yes 18 (60%)
No 12 (40%)

Yes 8 (47%)
No 9 (53%) 0.684

Smoking Yes 10 (19%)
No 44 (81%)

Yes 5 (17%)
No 25 (83%)

Yes 4 (24%)
No 13 (76%) 0.843

Triglycerides (mg/dl) 2.176±1.525 2.165±1.608 3.012±2.307 0.183
Total Cholesterol (mg/dl) 1.8517±0.4724 1.6800±0.3814 1.9065±0.4085 0.142
HDL-Cholesterol (mg/dl) 0.4496±0.1518 0.4113±0.1213 0.3965±0.1069 0.265
LDL-Cholesterol (mg/dl) 1.0624±0.3732 0.9277±0.3212 0.9806±0.2580 0.213

Non HDL-Cholesterol (mg/dl) 1.4020±0.4771 1.2687±0.3879 1.510±0.438 0.183
Triglyceride /HDL (mg/dl) 5.530±4.807 5.544±4.265 8.45±7.71 0.119

CRP 5.481±3.226 10.87±34.23 4.471±1.231 0.384

Arterial ypertension Yes (22%)
No (78%)

Yes (20%)
No (80%)

Yes (12)
No (88%) 0.640

DBP (mmHg) 6.852±0.998 6.667±1.184 7.118±1.166 0.392
SBP (mmHg) 12.926±1.747 13.067±1.741 12.000±1.768 0.109

In  multiple  regressions,  we  included  all  data,  and  only
significant or significant parameters were kept in the models.

Multiple  regression  showed  that  HOMA-IR,  BMI  and
waist  circumference  were  predictors  for  the  insulin  response
variable (P<0.05). However, if multiple regression is studied in
the  three  groups  separately,  it  would  be  noted  that  in
insulinopenia, insulin secretion is significantly and positively
correlated with non-HDL-C (P=0.037), it is significantly and
positively correlated with LDL-C (P=0.042), but this binding is
not  linear.  In  the  case  of  insulin  resistance,  the  parameters
significantly  and  positively  related  to  insulinemia  are  SBP
(P=0.012),  DBP  (P=0.034)  and  HOMA-IR  (P=0.040).  Age
(p=0.002),  non-HDL-C (P=0.007) and LDL-C (P=0.002) are
significantly and positively correlated with hyperinsulinism.

We  kept  the  HOMA-IR  variable,  although  it  is  not
significant  in  some  models  because  its  retention  gives  more
information.

Table  2.  Results  of  multiple  regression  of  the  study
population.

Predictors Coeffients Erreur Type T P-value
Constant 7.431 2.458 3.02 0.003

HOMA-IR 1.7827 0.1970 9.05 0.000
BMI -0.22971 0.08121 -2.83 0.006

Waist circumference 8.4134 0.8646 9.73 0.000
S = 4.29946 R carré = 78.0% R carré (ajust) = 77.2%.

The regression equation: insulin = 7.43 + 1.78 HOMA-IR -
0.230 BMI + 8.41 Waist circumference.

In  the  study  population,  a  strong  positive  linear
relationship  was  observed  between  insulin  and  HOMA-IR,
BMI,  and  waist  circumference  (P<0.05)  (Table  2).

Table  3.  Multiple  regression  results  in  patients  with
insulinopenia.

Predictors Coefficients Error Type T P-value
Constant 4.386 1.220 3.60 0.001

Non HDL-C -2.729 1.272 -2.15 0.037
LDL-C 3.436 1.642 2.09 0.042

CRP 0.2224 0.1116 1.99 0.052
HOMA-IR 0.1248 0.2680 0.47 0.644

S = 2.49425 R carré = 17.7% R carré (ajust) = 11.0%.

In  patients  with  insulinopenia  (Table  3),  insulin  is
positively correlated to non-HDL-C, LDL-C (P<0.05), CRP .
But this binding is not linear.

Table 4.  Results  of  multiple  regression in insulinresistant
patients.

Predictors Coeffients Erreur Type T P-value
Constant 17.119 5.251 3.26 0.003

DBP 0.07523 0.03347 2.25 0.034
SBP -0.13990 0.05144 -2.72 0.012

HOMA-IR 0.7297 0.3363 2.17 0.040
S = .30902 R carré = 51.3% R carré (ajust) = 41.1%.

The  regression  equation:  insulin  =  17.1  -  0.140  DBP  +
0.0752 SBP + 0.730 HOMA-IR.

(Table 1) contd.....
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While insulin-resistance is positively related to SBP, DBP
and HOMA-IR (P<0.05) (Table 4).

Table  5.  Results  of  multiple  regression  in  patients  with
hyperinsulinism.

Predictors Coeffients Erreur Type T P-value
Constant 63.79 11.96 5.33 0.000

Age -0.7200 0.1839 -3.91 0.002
Non HDL-C -11.106 3.393 -3.27 0.007

LDL-C 22.973 5.737 4.00 0.002
HOMA-IR -0.2838 0.3523 -0.81 0.436

S = 5.22344 R carré = 66.8% R carré (ajust) = 55.8%.

The regression equation: insulin = 63.8 - 0.720 age - 11.1
non HDL-C + 23.0 LDL-C - 0.284 HOMA-IR.

However, in Table 5, a strong positive linear binding can
be observed between insulin and age, non-HDL-C and LDL-C
(P<0.05) in patients with hyperinsulinism.

4. DISCUSSION

In  the  study  population,  the  insufficiency  of  pancreatic
secretion resulting from a secretory failure appears to be 54%.
While 46% were insulin-resistant, 17% of them had an excess
of insulin >20 μU/l. These comparisons seem to have revealed
a lack of insulin production in type 2 diabetic patients in our
cohort.  It  should  be  added  that  the  decrease  in  insulin
production is not due to apoptosis of beta cells in all cases, but
due to the inability to secrete insulin. Beta cells have, therefore,
lost the ability to respond to glucose, which is the stimulus [9].

It  should  be  noted  that  30%  patients  reported  hyper-
glycemia with normal insulin levels. This indicated that there
was  a  component  of  insulin  resistance  that  was  already
acquired by these individuals. On the other hand, the rest of the
subjects  produced  an  excess  of  insulin.  Insulin  resistance  in
type  2  diabetes  affects  the  liver  and  insulin-dependent
peripheral  tissues  (skeletal  muscle  and  adipose  tissue)  [10].

A combined deficit was observed in 22% of the patients in
both the components, namely insulin sensitivity and secretory
function β.

The  most  significant  effect  of  inbreeding,  which  can  be
revealed  in  adults,  is  a  higher  prevalence  of  arterial  hyper-
tension and hypercholesterolemia.  This  result  is  to  be  linked
with a lower homeostatic power of inbred individuals [11, 12].
However, inbreeding is not relevant to our study, even though
it is an inbreeding population. However, in a similar study in
the same study area, including non arterial hypertensive type 2
diabetics, inbreeding may be a risk factor for diabetes mellitus
[13].

However, the multiple regression analytical study showed
that  HOMA-IR,  BMI,  waist  circumference,  triglycerides  and
SBP  were  predictors  for  the  insulinemia  response  variable
(p<0.05).

It was found that that all the parameters studied except for
HOMA-IR,  ß-cell  mass  and  insulin  sensitivity  were  signi-
ficantly  different.

The  HOMA  method  remains  the  most  widely  used  and

best-validated approach to study insulin sensitivity [14].

The HOMA-IR study revealed that the presence of insulin
resistance is correlated to the level of insulin secretion, unlike a
similar study conducted by a Tunisian team [15].

Insulin resistance and advanced age are well known [16].

There is an association between age and insulin resistance
in this study.

In  a  similar  study,  we  find  that  abdominal  obesity  is
associated with an increased risk of insulin resistance, which
may contribute to dyslipidemia [17]. Similarly, overweight and
obesity  are  directly  related  to  insulin  resistance,  making  the
pancreas to permanently over-secret insulin [18].

Fat measurements are generally strongly related to insulin
concentrations [19].

It is also widely recognized that high triglyceride levels are
associated  with  insulin  resistance  components.  Moreover,
cardiovascular  disorders  such  as  arterial  hypertension,

are  closely  related  to  insulin  secretion  levels  [20].
However, if multiple regression is studied in the three groups
separately,  it  can  be  noticed  that  in  insulinopenia,  insulin
secretion  is  positively  and  significantly  correlated  with  non-
HDL-C. It is also significantly and positively correlated with
LDL-C.  Impaired  insulin  secretion  is  accompanied  by  an
increase in non-HDL-C [21], in particular,  an increase in the
fraction  of  LDL-C  [22].  It  is  often  found  in  the  literature
review that HDL-C concentration is positively associated with
insulin  sensitivity  and  inversely  correlated  with  insulin
secretion  [20].

Multiple  regression  also  shows  that  SBP  and  DBP  are
significantly  related to  insulin  resistance.  Our  data  suggest  a
possible direct relationship between fasting insulin and blood
pressure. Arterial hypertension is associated with a significant
decrease in insulin sensitivity [23].

With regard to the inflammatory component CRP, its value
increases significantly in type 2 diabetes. It is both a diagnostic
factor  and a  poor  prognostic  factor.  Abnormalities  in  insulin
sensitivity and secretion abnormalities are strongly related to
the  increase  in  the  number  of  acute  inflammatory  phase
proteins  CRP,  found  in  the  plasma  of  patients  with  type  2
diabetes [24].

CONCLUSION

Serum  insulin  concentrations,  correlated  with  lipid
parameters in type 2 diabetics, may reflect the imbalances of
these two metabolisms found in type 2 diabetic patients living
in  the  West  of  Algeria.  The results  obtained assume that  the
alteration of insulin secretion is accompanied by an increase in
non-HDL-C  and  in  particular  an  increase  in  the  fraction  of
LDL-C.  Our results  also suggest  that  type 2 diabetics  with a
significant  decrease  in  insulin  sensitivity  are  at  risk  of
developing  high  blood  pressure.
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