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ABSTRACT

Obijective: Diabetes Mellitus Type 2 (DM2) is characterized by varying degrees of insulin
resistance, impaired insulin secretion, and increased glucose production. Some people with
DM2 have more complications such as nephropathy, retinopathy, and neuropathy. The earli-
est stage of renal impairment occurs with prolonged microalbuminuria. This study aimed to
determine the incidence of the most common microvascular complications in DM2 patients.

Methods: We retrospectively evaluated the data of 126 patients who had undergone treat-
ment in 2014. It includes anamnesis, laboratory, and physical examination data from the
patient histories. All patients with early stage DM2 were separated into two groups based
on the presence of albuminuria: Group | - macroalbuminuria and Group Il - microalbumin-
uria (<300 mg). Analysis and statistical processing of the collected data were performed
to evaluate microvascular complications and determine the incidence of albuminuria in the
studied population.

Results: The prevalence of macroalbuminuria was 60.3% (76 patients). In both groups, as in
the total sample, the frequency of women was higher (57.9%). The prevalence of macroal-
buminuria was strongly influenced by age (265 years) of the patients (72.4%, average age =
69.8%1 1.1 years). Microalbuminuria has been proven to be an extremely significant marker
for development of microvascular complications in DM2 (retinopathy 39.5%, neuropathy
52.6%, and nephropathy 54%).

Conclusion: Early diagnosis of microvascular complications and an adequate therapeutic ap-
proach is needed to prevent disability. Therefore, it is important to introduce the screening
for the presence of microalbuminuria in practice, which will identify patients at increased risk
of developing microvascular complications.

permeability disorder, which is caused by generalized en-
dothelial dysfunction.l'"®! On average, diabetic retinopathy

Diabetes Mellitus Type 2 (DM2) is caused by a combina-
tion of insulin resistance and inadequate insulin compen-
satory secretory response. Chronic hyperglycemia causes
dysfunction of various organs, especially the eyes, kidneys,
nerves, heart, and blood vessels. A level of hyperglycemia
that can cause pathological and functional changes in differ-
ent organs, but without clinical symptoms, can be present
for a long period of time before diabetes is detected. Epi-
demiological studies suggest that some signs of DM2, such
as microalbuminuria, may occur up to ten years before di-
agnosis. Microalbuminuria is also a sign of increased cardio-
vascular morbidity and mortality in patients with diabetes,
essential hypertension, and in the general population, as
it occur with insulin resistance, atherogenic dyslipidemia,
and central obesity. Albuminuria also indicates vascular

occurs after 8-10 years of DM2. It engages both eyes and
leads to blindness in the final stage.l! Diabetic neuropathy
is the most common complication of DM2, with a preva-
lence of 1.4—11.6% at time of diagnosis and after 25 years.
About 50% of DM2 patients have some form of diabetic
neuropathy.¥! The main cause of death and disability in
patients with DM2 is due to kidney disease. About 50% of
cases of terminal kidney disease in the United States and
other developed countries account for diabetic nephrop-
athy. This complication develops in 15-65% of cases with
DM2. Early detection of diabetic nephropathy is based on
determination of albumin in urine. Qualitative albuminuria
test strip method can detect daily excretion of albumin
in excess of 300 mg. Microalbuminuria indicates the ex-
cretion of small but pathological amounts of albumin in
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urine at an interval of 30-300 mg/24h. The presence of
permanent microalbuminuria indicates an early stage of
renal impairment in diabetes, which precedes the clinical
manifestation of nephropathy.!”!

MATERIALS AND METHODS

The study is retrospective, clinical, and comparative. It was
conducted at the Clinic for Endocrinology, Diabetes and
Metabolism Diseases, University Clinical Center in Sara-
jevo, BiH. The study included 126 patients (53 men and
73 women). The study involves the analysis of anamnesis,
laboratory, and physical examination data from history of
patient with DM2 in 2014. All patients with early stage
DM2 were separated into two groups based on the pres-
ence of albuminuria: Group | - patients with macroalbu-
minuria; and Group Il - patients with microalbuminuria
(<300 mg). The presence of microvascular complications
was recorded from the findings of appropriate specialists.
Patients who had DM2 for more than 5 years were exclud-
ed from the study. In this study, we analyzed gender, age,
body mass index (BMI), hemoglobin Alc (HbAlc, target
values <7%), fasting blood glucose (FBG, target value <7.0
mmol/L), albuminuria, and complications of underlying dis-
ease (retinopathy, neuropathy, and nephropathy).

Statistical analysis

Results of the study were documented, statistically ana-
lyzed, and presented graphically by number of cases, per-
centages, and arithmetic mean (X) with standard devia-
tion (SD). Chi-Square (x?) test and Student t test were
used to test for differences between the observed patient
groups, depending on the data type. Test results with p
value <0.05 or 95% confidence level were considered sta-
tistically significant. The analysis was performed using SPSS
Statistics for Windows, version 20.0 (SPSS Inc., Chicago,
lll., USA) and Microsoft Excel 2007.

RESULTS

The study included 126 patients. Analysis of the gender
distribution indicates a higher representation of women
(n=73; 57.9%) than men (n=53; 42.1%).

Analysis of sex and age distribution shows that the average
age of the study population is 66.5 years, with a SD of
12.7. In the total sample, patients 265 years of age (57.9%)

were the most represented, such that the women were
significantly older (65.3% was 265 years old) when com-
pared to men (34.7% was 265 years old). This is also evi-
dent in the mean values of age for men (63.9x14.1 years)
and women (68.3x11.5 years) (Table 1).

Analysis of the gender representation of the respondents
revealed that women, in the same percentage ratio, were
more represented in the total sample and both groups of
patients with macroalbuminuria (57.9%). In the group of
patients with microalbuminuria, women were also more
prevalent than men (58% vs. 42%), but without a statisti-
cally significant difference (p>0.05) (Table 2).

Analysis of the distribution of respondents by age group
indicates that the most represented patients are older
than 65 years (59.6%). Higher prevalence of patients older
than 65 years was in the patients’ group with macroal-
buminuria (72.4%), as compared to the patients’ groups
with microalbuminuria (<300 mg) (40%), with a statisti-
cally significant difference (p<0.05). This is supported by
analysis of the mean, according to which patient in the
total sample had an average age of 66.5+12.7 years and by
the fact that patients with macroalbuminuria were older
with an average age of 69.8%1 .| years, as compared with
patients with microalbuminuria, where the mean age was
61.4£13.5 years, with a statistically significant difference
(p<0.05) (Table 3).

BMI analysis shows that, in the overall sample, the high-
est number of patients is represented in the BMI category
230 kg/m? (obesity, 35.7%). This prevalence is higher in the
group of patients with microalbuminuria (<300 mg) (44%);
whereas, in the group of patients with macroalbuminuria,
it was more prevalent in overweight patients (35.5%) and
normal patients (28.9%), but with no statistically signifi-
cant difference (p>0.05) (Table 4).

Analysis of mean fasting glycemic values showed that
these values were higher in patients with microalbumin-
uria (1 1£3.9 mmol/L), but with no statistically significant
difference (p>0.05). There is also no statistical significance
for differences in mean HbAIc, with these values being
higher in patients with macroalbuminuria (9.6%) (Table 5).

In the macroalbuminuria group, retinopathy was found in
39.5% of patients, as compared to the microalbuminuria
group, where retinopathy was found in 2% of patients, with
a statistically significant difference (p<0.05) (X?=22.831)
(p=0.000002).

Table I. Shows the number and percentage values of patients included in the study by age group by gender
Gender Age (years)

25-44 45-64 265 Total Mean (SD)
Male, n (%) 7 (77.8) 20 (47.6) 26 (34.7) 53 (42.1) 63.9 (14.1)
Female, n (%) 2 (22.2) 22 (52.4) 49 (65.3) 73 (57.9) 68.3 (11.5)
Total, n (%) 9(7.2) 42(33.3) 75(59.5) 126 (100.0) 66.5 (12.7)

X?=6.926; p=0.0313. SD: Standard deviation.
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Table 6. Prevalence of patients with macroalbuminuria
and microalbuminuria according to existing

(recorded) retinopathy, neuropathy and

Table 2. Gender representation of respondents in the
follow-up groups
Group | Group Il Total
Gender, n (%)
Male 32 (42.1) 21 (42 .0) 53 (42.1)
Female 44 (57.9) 29 (58.0) 73 (57.9)
Total, n (%) 76 (60.3) 50 (39.7) 126 (100.0)

Group I: Patients with macroalbuminuria; Group Il: Patients with microalbu-
minuria; %2=0.0001; p=0.9907.

nephropaty

Microvascular Group | Group Il Total
complication
Retinopathy, n (%)

Negative 46 (60.5) 49 (98.0) 95 (75.4)

Positive 30 (39.5) | (2.0) 31 (24.6)
Neuropathy, n (%)

Negaative 36 (47.4) 45 (90.0) 8l (64.3)

Positive 40 (52.6) 5 (10.0) 45 (35.7)
Nephropathy, n (%)

Negaative 35 (46.0) 45 (90.0) 80 (63.5)

Positive 41 (54.0) 5 (10.0) 46 (36.5)
Total, n (%) 76 (100) 50 (100) 126 (100)

Table 3. Distribution of patients by age in the follow-up
groups
Group | Group Il Total

Age (years), n (%)

25-44 339 6 (12) 9(7.1)

45-64 18 (23.7) 24 (48) 42 (33.3)

265 55 (72.4) 20 (40) 75 (59.6)
Total, n (%) 76 (60.3) 50 (39.7) 126 (100.0)

Group I: Patients with macroalbuminuria; Group Il: Patients with microalbu-
minuria; x2=13.3958; p=0.001234.

Table 4. Distribution of patients by BMI values in the
monitored groups
Group | Group Il Total
BMI (kg/m?), n (%)
<18.5 kg/m? 4 (5.3) 2 (4.0 6 (4.8)
18.5-24.9 kg/m2 22 (28.9) 13 (26.0) 35 (27.8)
25-29.9 kg/m? 27 (35.5) 13 (26.0) 40 31.7)
>30 kg/m? 23 (30.3) 22 (44.0) 45 (35.7)
Total 76 (60.3) 50 (39.7) 126 (100.0)

Group I: Patients with macroalbuminuria; Group IlI: Patients with microalbu-
minuria; x2=2.65|; p=0.4486. BMI: Body mass index.

In the macroalbuminuria group, 40 patients (52.6%) had
neuropathy, while in the microalbuminuria group, 5 pa-
tients (10.0%) had neuropathy, with a statistically signifi-
cant difference (p<0.05) (X?=23.874) (p=0.000001).

In the macroalbuminuria group, 41 patients (54.0%) had
positive findings of nephropathy; whereas, in the microal-

Table 5.

Group |: Patients with macroalbuminuria; Group |l: Patients with microal-
buminuria.

buminuria group, 5 patients (10.0%) had nephropathy, with
a statistically significant difference (p<0.05) (X?=25.128)
(p=0.000001) (Table 6).

By analyzing microvascular complications according to the
value of albuminuria, it is evident that all three complica-
tions are significantly higher in the group of patients with
macroalbuminuria. In this group, nephropathy, neuropathy,
and retinopathy have a higher incidence when compared
to the microalbuminuria group, with complications far less
frequently reported in 2—10% of patients, with a statisti-
cally significant difference in all three microvascular com-
plications (p<0.05).

DISCUSSION

Our retrospective study included 126 subjects with early
stage DM2. The study included all patients who were hos-
pitalized at the clinic for a one-year period as a newly diag-
nosed cases, as well as patients whose diabetes did not last
longer than 5 years. Based on gender analysis, we found
that women were represented in a larger percentage. This
is consistent with the worldwide epidemiological trend of
diabetes mellitus. The onset of diabetes mellitus has a ge-
netic predisposition, but is strongly linked to stress and
passive lifestyle and is more common in Western Hemi-

Ratio of glycemic averages to fasting and HbAlc in the follow-up groups

Fasting glucose (mmol/L) t=0.424; p=0.335

HbAlc (%) t=1.387; p=0.084

Group | (n=76) Group Il (n=50)

Total (n=126)

Group | (n=76) Group Il (n=50) Total (n=126)

Mean 10.7 11.0 10.8
SD 4.6 3.9 43
Minimum 4.6 4.6 4.6
Maximum 24.4 25.7 25.7

9.6 8.9 9.3
29 22 2.6
5.3 54 5.3
16.5 13.1 16.5

Group I: Patients with macroalbuminuria; Group II: Patients with microalbuminuria; SD: Standard deviation.
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sphere countries. Interestingly, the proportion of people
with diabetes in Togo, Africa, is negligible.®*! We find that
older people are more commonly affected by DM2, which
is also consistent with epidemiological indicators in most
countries.!'”

Analysis of BMI of all patients in our study shows that the
highest number of patients is represented in the category
230 kg/m? (obesity), which corresponds to 35.7% of the
respondents. Of the two study groups, the prevalence of
obesity was higher in the group of patients with microal-
buminuria (44%) when compared to the group of patients
with macroalbuminuria (30.3%), but without statistical
significance (p>0.05). This confirms the well-known fact
that people with severe obesity are more likely to contract
DM2, as confirmed by several studies.!'!]

Analysis of the mean fasting glycemic values showed that
these values were higher in patients with microalbumin-
uria (I 1£3.9 mmol/L) when compared with patients with
macroalbuminuria (10.7+4.6 mmol/L), but with no statis-
tically significant difference (p>0.05). This confirms the
standard fact that increased values of pre-meal morning
glycaemia is a clear sign of impaired physiological control
of glucose metabolism.!'?

In 25% of patients with macroalbuminuria HbAlc was
<7% when compared to the group with microalbuminuria
where 26% had HbAIc <7%. We can see that both groups
had a poor control of DM2. Mean values for HbAlc in the
group of patients with macroalbuminuria were 9.6+2.9%;
whereas, in the group of patients with microalbuminuria, it
was 8.9+2.2% (p>0.05). The importance of good glycemic
control is also shown by the study that found that for ev-
ery 10% reduction in HbA | c, the risk of microalbuminuria
was reduced by 9%.0'3-1%]

In our study, albuminuria, among other parameters, is one
of the monitored parameters measured by semi-quantita-
tive method, which uses test strips to measure albumin-
uria above 300 mg. Patients were divided into 2 groups
according to the presence of albuminuria. Macroalbumin-
uria was determined by >200 pg/min, that is, 2300 mg/24h
albumin in urine. According to these characteristics, pa-
tients were divided into: macroalbuminuria and microal-
buminuria group. Of the total population tested, 60.3%
(n=76) had macroalbuminuria and 39.7% (n=50) had mi-
croalbuminuria. Analysis of the mean shows that patients
in the total sample had an average age of 66.5£12.7 years
and that patients with macroalbuminuria were older with
an average age of 69.8x1 1.1 years when compared to pa-
tients with microalbuminuria, where the average age was
61.4£13.5 years, with a statistically significant difference
(p<0.05). Accordingly, we see a significant association be-
tween older age and macroalbuminuria.l'é!”]

Analysis of the incidence of microvascular complications
in DM2 patients, which divided the patients into two
groups with respect to albuminuria, shows that all 3 mi-
crovascular complications were significantly higher in the
examined population of patients with macroalbuminuria

(p<0.05). Thus, the relationship between albuminuria and
development of microvascular complications is signifi-
cant.l'®l

In a study by Al Adsani, 154 patients with DM2 were en-
rolled. Of these, 102 (66.2%) were female and 52 (33.8%)
were male, with an average age of 49.1£10.1 years. In the
study, HbAlc <7% was found in 16.3% and BMI >30 kg/
m? was found in 65.5% patients. Albuminuria was found
in 43.5% (microalbuminuria = 27.3%, macroalbuminuria
= 16.2%). There was a significantly higher prevalence of
albuminuria in patients with retinopathy (p<0.00l). Pa-
tients with albuminuria had a higher mean HbA I c value of
10.4+2.5% when compared to patients without albumin-
uria (8.7+2.2%). Albuminuria was also more prevalent in
patients with BMI >30 kg/m? (p<0.01). Glycaemia control,
BMI, and presence of retinopathy are significantly associ-
ated with albuminuria. Comparing the results of our study
with those of a study conducted by Al Adsani, the aver-
age value of years was higher in our study (66.5%12.7 vs.
49+10.1 years), with a lower representation of women in
the overall sample (57.9% vs. 66.2%). Regarding the inci-
dence of macroalbuminuria in the study population, it was
significantly higher in our study (60.3%). Similar results
in both studies were related to average HbAlc values,
since the study by Al Adsani and our study had elevated
HbAlc values in the group of patients with macroalbu-
minuria (10.4£2.5 vs. 9.6+2.9) when compared to those in
the group of patients with microalbuminuria (8.7£2.2 vs.
8.8+2.2). In our study, as well as in the study by Al Adsani
study, a significantly higher prevalence of retinopathy was
confirmed in the group of patients with macroalbuminuria
(39.5%) when compared with the group with microalbu-
minuria (2%) (p<0.05).l'"]

In another study conducted by Medhat K El Shazly and col-
leagues on a diabetic population in Kuwait, it was shown
that, of the 704 DM2 patients enrolled in the study, 61.6%
had one or more chronic diabetic complications. Retinop-
athy was reported in 30.7%, neuropathy in 32.1%, and ne-
phropathy in 12.4% of patients. In our study, the incidenc-
es of neuropathy (35.7%) and nephropathy (36.5%) were
higher, while the prevalence of retinopathy in the study
population (24.6%) was lower than that of the study by
Medhat K. El Shazly et al.?%

In a study by Rani PK et al., 1414 subjects with DM2 were
included. The incidence of microalbuminuria was 15.9%
and the incidence of macroalbuminuria was 2.7%. Subjects
with macroalbuminuria showed a higher incidence of dia-
betic retinopathy (60.5% vs. 31% vs. 14.1%; p<0.01) when
compared to those with microalbuminuria and normoal-
buminuria. The average age of the patients was 56.3£10
years. Several clinical parameters, such as age, length of
diabetes, and systolic pressure, showed the highest values
in subjects with macroalbuminuria, followed by microalbu-
minuria and normoalbuminuria (p<0.001). Diastolic pres-
sure was higher in the study groups with macroalbuminuria
and microalbuminuria when compared with those with
normoalbuminuria (83.8+£12.9 vs. 84.0+11.5 vs. 81.5£11.2;
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p=0.05). The same was confirmed for HbAlc (9.0£2.3 vs.
9.0£2.3 vs. 8.0+2.1; p<0.001).12"

Comparing the results of our study with those of Ear-
ly PK et al. study, we can conclude that the prevalence
of macroalbuminuria in our study is significantly higher
(60.3%) and this may be due to the smaller sample size
of the study (n=126) when compared to the population
of Early PK study (n=1414). At follow-up (mean time =
21.74 months), it was observed that there was 5.21 mi-
crovascular events per 1000 subjects per month. Patients
who achieved American Diabetes Association (ADA) goals
were | 1% less likely to have microvascular complications.

Our study confirmed that macroalbuminuria is present in
more than 50% of patients with early stage DM2 and that
risk factors significantly affect the incidence of microvascu-
lar complications, as confirmed by other studies.*?

Specifically, microalbuminuria is an indicator of a gener-
alized endothelial lesion, which reflect a general vascular
permeability disorder, and is also a marker of elevated
cardiovascular morbidity and mortality in patients with
DM2.12

With the current measurement methods in our condi-
tions, patients with existing microalbuminuria are not rec-
ognized as individuals at increased risk of developing mi-
crovascular complications. Therefore, it is very important
to introduce the screening of patients for the presence of
microalbuminuria as soon as possible, because timely ther-
apeutic response can significantly prolong the occurrence
of microvascular complications.

CONCLUSION

The incidence of DM2 microvascular complications is on
the increase. Early diagnosis and an adequate therapeutic
approach is needed to prevent the disability. The presence
of macroalbuminuria indicates an already advanced dis-
ease. Therefore, it is important to introduce screening for
the presence of microalbuminuria in practice, which will
identify patients at an increased risk of developing micro-
vascular complications.
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/
AlbUmindrili Diabetes Mellitus Tip 2’nin Erken Donemindeki

Mikrovaskuler Komplikasyonlarinmin Sikhig

Amag: Diabetes Mellitus Tip 2 (DM2) degisik derecelerde insiilin direnci, bozulmus insiilin sekresyonu ve artmis glikoz tretimi ile karakte-
rizedir. DM2 olan bazi kisilerde nefropati, retinopati ve néropati gibi daha bir gok komplikasyon vardir. Bébrek yetersizliginin en erken evresi
uzamis mikroalbiminiiri ile ortaya gikar. Calismanin amaci DM2 hastalarinda en sik goriilen mikrovaskiiler komplikasyonlarin insidansini
belirlemektir.

Gereg ve Yontem: 2014 yilinda muayene edilen 126 hastanin verileri geriye doniik olarak degerlendirildi. Hasta Sykiisiinden elde edilen
anamnez, laboratuvar ve fizik muayene verilerini igeriyordu. Erken evre DM2’li tiim hastalar, mevcut albiiminiirilerine gére Grup | (makroal-
biiminiirili grup) ve Grup Il (mikroalbiiminiirisi <300 mg olan grup) olmak iizere iki gruba ayrildi. Mikrovaskiiler komplikasyonlari degerlen-
dirmek ve galisilan popiilasyonda albiiminiiri insidansini belirlemek igin toplanan verilerin analizi ve istatistiksel ¢éziimlenmesi yapildi.

Bulgular: Makroalbiminiiri prevalansi %60.3 (76 hasta) idi. Her iki grupta da toplam 6rneklemde oldugu gibi kadin hasta sikhigi daha yiik-
sekti (%57.9). Makroalbiiminiri prevalansi, 65 yas ve lizerindeki hastalarin (%72.4, ortalama 69.8+11.1 yas) yasindan oldukga etkilenmistir.
Mikroalbiiminirinin, DM2’nin mikrovaskiler komplikasyonlarinin (retinopati %39.5, néropati %52.6 ve nefropati %54) gelisiminde son derece
6nemli bir belirteg oldugu kanitlanmistir.

Sonug: Hasarin 6nlenmesi igin uygun bir terapétik yaklasimla mikrovaskiiler komplikasyonlarin erken evrede teshisine ihtiyag vardir. Bu ne-
denle, mikrovaskiiler komplikasyon gelistirme riski yiiksek olan hastalari belirleyecek olan mikroalbiiminiirinin saptanmasina iligkin taramanin
uygulamaya baslanmasi 6nem tagir.
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