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Summary

	 Background:	 To assess the relations between albuminuria and selected cardiovascular risk factors.

	Material/Methods:	 The study population comprised 200 apparently healthy soldiers aged 28.8±8.1, observed for 36 
months.

	 Results:	 Albuminuria was revealed in 9% of the studied group at the beginning of the study and in 12.7% 
at the end of the observation. Albumins increased from 97.0±61.0 mg/24 hours to 165.0±25.7 
mg/24 hours after 36 months of observation. The increase of diastolic blood pressure, body mass, 
C-reactive protein (CRP), and low-density lipoprotein (LDL) was found in the “albuminuria sub-
group” after 3 years of observation. This subgroup also presented significantly higher homocyste-
ine and CRP serum concentrations in comparison with the “non-albuminuria group” in the first 
phase of the study and after 3 years of follow-up.

	 Conclusions:	 Albuminuria was found to be a relatively frequent and persistent abnormality in the studied group. 
The study demonstrated the relationship between the occurrence and the severity of albuminuria 
and selected biochemical and demographic cardiovascular risk factors. Determination of albumin-
uria is a useful, early marker of cardiovascular risk in young male professional soldiers.
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Background

Albuminuria, defined as presence of albumins with a value 
between 30 mg and 300 mg/24 hours or as urinary albu-
min-to-creatinine ratio >30 mg/g, is recognized as an inde-
pendent cardiovascular risk factor [1,2].

The prevalence of albuminuria is 5–7% in the general pop-
ulation and it occurs in up to 40% of patients with hyper-
tension or diabetes [3,4]. Population studies indicate that 
male sex, smoking, low-high density lipoproteins (HDL) 
concentration, diabetes, and age are confirmed cardiovas-
cular risk factors and correlate with the prevalence of inci-
dental albuminuria in the general population [5].

Multicenter population studies show that albuminuria has 
predictive value in apparently healthy individuals [6].

Some data also suggest that albuminuria may be the ex-
pression of generalized endothelium dysfunction and in-
duces the vascular inflammatory process and subsequent 
atherosclerosis [7].

Hyperhomocysteinemia is considered as an independent 
cardiovascular risk factor that is especially linked to ath-
erosclerotic coronary disease, as well as cerebral and renal 
vessel disease. The CoLaus Study, which focused on meta-
bolic syndrome and included 5913 residents of Lozanna, 
Poland, revealed a correlation of hyperhomocysteinemia 
and hyperuricemia with albuminuria, independently of 
each other. This correlation was also independent of renal 
function. The study also showed increased risk of albumin-
uria in people who are MTHFR gene carriers for homocys-
teine. It may be interpreted as evidence of potential risk of 
renal damage caused by homocysteine [8].

We also found a study from France in the literature avail-
able, which describes the 12-month observation of 2045 
male military personnel in Paris and the surrounding area 
[9]. Albuminuria appeared to be present in many cases of 
metabolic syndrome.

The data presented above inspired us to perform our own 
study focused on the long-term assessment of albuminuria 
in professional soldiers and its potential association with 
common cardiovascular risk factors.

Material and Methods

The study was carried out in 200 male soldiers aged 28.8±8.1 
years from a group of 1000 subjects who met the following 
criteria: military unit doctor’s opinion that the subject was 
in good health, and consent to participate in the study.

The study protocol comprised:
–	� a questionnaire on cardiovascular risk to be completed 

by the subjects,
–	 a medical examination,
–	 blood and urine tests.

The first part of the questionnaire asked for information 
about health-related habits such as alcohol consumption, 
smoking, and diet. Recurrent disturbances connected with 
the use of the above-mentioned factors were recognized 

as dependency, according to the DSM-IV (Diagnostic and 
Statistical Manual of Mental Disorders) [10].

The second part of the questionnaire assessed family his-
tory of cardiovascular diseases, with special attention to hy-
pertension and diabetes.

The medical examination comprised:
–	� a routine physical examination with triple blood pres-

sure measurement (on 3 consecutive days under the same 
conditions),

–	� anthropometric measurements: body mass and height 
with the calculation of BMI (Body Mass Index) and WHR 
(Waist Hip Ratio).

The biochemical blood testing comprised the following 
parameters:
–	 sodium and potassium (ion-selective electrode),
–	� creatinine (buffered kinetic Jaffe reaction method) and 

calculation of estimated glomerular filtration rate (e-GFR) 
according to the Cockroft-Gault (C-G) formula,

–	� urea (kinetic method with urease and glutamate 
dehydrogenase),

–	� uric acid and C-reactive protein -CRP (ultrasensitive neph-
elometric method),

–	� total cholesterol (enzymatic-colorimetric method with 
cholesterol esterase),

–	� fractions of cholesterol: HDL i LDL, apolipoprotein A 
(ApoA), apolipoprotein B (ApoB) (direct non-precipi-
tating method),

–	 triglycerides (enzymatic-colorimetric method),
–	 homocysteine (fluorescence polarization method).

The diagnostic algorithm for albuminuria was carried out 
as follows:
–	� after exclusion of the urinary tract infection, the test for 

albuminuria was performed 3 times (morning micturi-
tion, dipstick type test – Micral Test II-Roche),

–	� if there were 2 positive results, the quantitative albuminuria 
assessment in diurnal urine was done using kinetic nephe-
lometry ARAY 360; the test was repeated 3 times in 6 months;

–	� albuminuria of 30–300 mg/24h was recognized as the 
positive result of the quantitative test [1],

–	� persons with double-positive results on the quantitative 
test were included into the group with albuminuria.

The t test for non-related variables was used for the statisti-
cal analysis. The Kendall correlation test was employed for 
the assessment of dependence of cardiovascular risk fac-
tors. The value of p<0.5 was interpreted as statistically signif-
icant. The statistical analysis also included regression anal-
ysis, Kolmogorov-Smirnov test, and U-Mann-Whitney test. 
The non-parametric variables were assessed using chi2 test. 
The SPSS 8.0 package was used for the analysis.

Results

The 36-month follow-up evaluation included 180 of 200 sol-
diers involved in the study. Therefore, further analysis was 
performed for the group of 180 soldiers. Table 1 shows se-
lected anthropometric parameters and blood pressure val-
ues in the studied population at the beginning of the study 
and after 36 months. Statistically significant differences were 
found only in the case of BMI and diastolic blood pressure.
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Table 2 contains data reflecting health-related behavior in 
the studied group.

Data in Table 2 confirm the improvement of health-relat-
ed behavior of military personnel in the study group. The 
more restrictive health policy, apparently related to the re-
structuring of the Polish Armed Forces and associated re-
dundancies, which took place during the study period, may 
be the potential reasons for this improvement.

The study group had normal values for serum sodium 
concentration, potassium, glucose, creatinine, and urea. 
According to the Cockroft-Gault equation, creatinine clear-
ance values (e-GFR) were 124 ml/min/1.73 m2 at the be-
ginning of the observation and 132.6 ml/min/1.73 m2 af-
ter 36 months. The mean values of serum uric acid, CRP, 
total cholesterol, HDL and LDL fractions of cholesterol, 

ApoA, ApoB, triglycerides, and homocysteine were normal. 
Albuminuria was found in 18 persons in stage I of obser-
vation (9%) and in another 5 persons in stage II – in total, 
23 persons (12.7%). This group contained all people with 
albuminuria revealed in stage I of observation.

A statistically significant increase of albuminuria was found 
in the albuminuria subgroup after 36 months of observa-
tion. Moreover, the values of diastolic blood pressure, body 
mass, and generally recognized cardiovascular risk factors 
such as LDL concentration and CRP were statistically high-
er after 36 months (Table 3).

The Kendall test was used to assess correlations in the group 
of soldiers with albuminuria. The test is useful for assess-
ment of small groups characterized by different values 
of analyzed parameters. In stage I, there were significant 

Parameter
Studied group

(180 persons) I stage
χ
_

±SD

Studied group
(180 persons) II stage 

– after 36 months
χ
_

±SD

Statistical 
significance

Body Mass Index 	 25.7±3.2 	 26.4±3.1 p<0.05

WHR 	 0.92± 0.07 	 0.91±0.05 p≥0.05

Systolic blood pressure (mmHg) 	 128.4±13.2 	 124.9±12.5 p≥0.05

Diastolic blood pressure (mmHg) 	 78.6±8.7 	 84.4±7.9 p<0.0001

Table 1. �Selected anthropometric parameters and blood pressure values in the studied population at the beginning of the study and after 36 
months.

Parameter Studied group 
(180 persons) I stage

Studied group
(180 persons) II stage 

– after 36 months

Statistical 
significance

Alcohol abuse 64 18 p<0.05

Nicotine dependence 40 18 p<0.05

Low-cholesterol diet 38 143 p<0.05

Table 2. Assessment of health-related behavior in the studied group.

Parameter
Albuminuria subgroup

stage I (n= 18)
χ
_

±SD

Albuminuria subgroup
stage II 

– after 36 months (n= 23)
χ
_

±SD

Statistical 
significance

Albuminuria (mg/24 hours) 	 97.0±61.0 	 165.0±25.7 p<0.05

Diastolic blood pressure (mmHg) 	 76.6±7.5 	 84.4±9.2 p<0.05

Body mass (kg) 	 80.2±9.6 	 82.3±13.8 p<0.05

CRP (mg/dl) 	 0.24±0.1 	 0.4±0.6 p<0.05

LDL (mg/dl) 	 113.58± 37.47 	 123.3±31.5 p<0.05

Table 3. Selected parameters in the albuminuria subgroup at the beginning of the study and after 36 months of observation.
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correlations between albuminuria and other factors: age 
(p<0.001), body mass (p<0.008), total cholesterol serum 
concentration (p<0.001), LDL cholesterol fraction concen-
tration (p<0.001), and homocysteine (p<0.002).

The significance test of the regression analysis model re-
vealed that LDL cholesterol fraction and age predicted oc-
currence of albuminuria (R2=0.709; F2,13=19.312; p<0.001). 

The strength of association between LDL, age, and albu-
minuria was expressed as the coefficient b and was 0.048 
and 0.047, respectively (statistically significant values). This 
means that the probability of occurrence of albuminuria in 
men aged 28.7±8.1 years with LDL plasma concentration of 
113±37 mg/dl is statistically significant. The significant re-
lationships between albuminuria and age, as well as albu-
minuria and body mass, were found in the II stage of the 

Parameter

Non-albuminuria subgroup 
– stage I 
(n=157)

χ
_

±SD

Non-albuminuria subgroup 
– stage II (after 36 months)

(n=157)
χ
_

±SD

Statistical 
significance

Systolic blood pressure (mmHg) 	 128.4±13.2 	 123.4±10.6 p<0.05

ApoB (mg/dl) 	 0.99 ±0.86 	 1.1±0.4 p<0.05

HCY (µmol/l) 	 11.6±4.1 	 11.4±3.3 p<0.05

Table 4. Selected parameters in the non-albuminuria subgroup at the beginning of the study and after 36 months of observation.

Figure 1. �The homocystein values in the group with albuminuria (A) in comparision to the group without albuminuria (B) at the beginning and 
after 36 months of the study.
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Figure 2. �The CRP values in the group with albuminuria (A) in comparision to the group without albuminuria (B) at the beginning and after 36 
months of the study.

Group A Group B Group A Group B

p<0.04

CRP

0.4

0.2

0.0

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

–0.2

–0.4

mg/dl CRP mg/dl

±standard
deviation
±standard
error mean

±standard
deviation
±standard
error mean

p<0.01

BA

Clinical Research Med Sci Monit, 2012; 18(12): CR771-776

CR774



study. The positive correlation between CRP and albumin-
uria (p<0.06; p=0.20) and negative correlation between albu-
minuria and ApoB concentration (p<0.06; p=0.19) were ob-
served. Both correlations were close to statistical significance.

Table 4 presents selected parameters in the non-albumin-
uria subgroup (157 soldiers) at the beginning of the study 
and after 36 months of observation. Significant changes of 
blood pressure, ApoB, and homocysteine concentrations in 
the II stage of the study were also found. The systolic blood 
pressure and homocysteine concentration decreased, where-
as the ApoB increased after 3 years of observation.

The next step in the statistical analysis was comparison of 
mean values of atherosclerosis risk factors between the albu-
minuria subgroup and the non-albuminuria subgroup at the 
beginning of the study and after 36 months of observation.

Homocysteine and CRP levels at the beginning of the study 
and after 36 months of the observation were significantly 
higher in the albuminuria subgroup than in the non-albu-
minuria subgroup (Figures 1, 2).

With respect to the charts of CRP for groups A and B, al-
though the chart is mathematically (statistically) correct, 
physiological values of CRP are always greater than zero.

The HDL cholesterol fraction and ApoA concentration 
were significantly lower in the albuminuria subgroup at 
the beginning of the study, but this was not the case after 
36 months of observation.

The results of the questionnaire did not reveal any impor-
tant differences in health-related behavior or family histo-
ry of cardiovascular diseases between the albuminuria sub-
group and non-albuminuria subgroup.

Discussion

We found that albuminuria was a relatively frequent and 
persistent abnormality in young and apparently healthy sol-
diers. After 36 months of observation it was confirmed in all 
18 individuals (9% of the studied group) who demonstrat-
ed albuminuria in stage I of the study and in 5 more sol-
diers in whom albuminuria had not been observed at the 
beginning of the observation. Therefore, the albuminuria 
subgroup finally comprised 23 persons (12.7% of the ob-
served population). The significant increase of albuminuria, 
correlating with cardiovascular risk factors such as diastol-
ic blood pressure, CRP, and BMI was revealed throughout 
the 36-month observation in this subgroup. These unsatis-
factory findings were observed despite the beneficial role 
of the health-related actions that been introduced in the 
whole study group (Table 2).

In the EPIMIL study (epidemiology of metabolic syndrome 
in 2045 French military personnel) of male military staff in 
the Paris area, aged 38.6±8.8 years, albuminuria was signif-
icantly more frequent in the group of 185 men (9% of the 
studied population) with metabolic syndrome in compari-
son to the remaining group of 1860 persons. The authors 
of the EPIMIL study used metabolic syndrome criteria ac-
cording to the NCEP ATP III classification [9]. The signifi-
cantly higher values of LDL cholesterol, albuminuria, and 

CRP were found in the group with metabolic syndrome com-
pared to the group without metabolic syndrome. Contrary 
to our findings, the EPIMIL study did not reveal any differ-
ences in homocysteine level between groups with and with-
out metabolic syndrome.

According to the results of the Polish PolNef study, which 
included 2471 persons aged 18 to 98 years from the gen-
eral population of northern Poland, albuminuria was di-
agnosed (using dipstick test for albuminuria and chemi-
cal turbidimetric method) in 11.9%. In the subgroup of 
young males (age similar to our population), albuminuria 
was found in 8.9% [11].

Our study showed a significant correlation between albumin-
uria and homocysteinemia. In the albuminuria subgroup, 
the homocysteine concentration was higher than in the 
non-albuminuria subgroup, at the beginning of the study 
as well as after 36 months. Additionally, in the albuminuria 
subgroup, homocysteine concentration after 36 months 
was higher than at the beginning of the study. However, 
this trend was statistically non-significant.

The CoLaus study, comprising 5913 inhabitants of Lozanna, 
aged 35–37 years, including 2744 Caucasian men, showed 
that hyperhomocysteinemia (defined as serum homocys-
teine concentration >15 µmol/l) correlated significantly 
with albuminuria [8].

Our study showed an interesting correlation between al-
buminuria and demographic cardiovascular risk factors 
such as BMI and diastolic blood pressure (p<0.05). Similar 
to the EPIMIL study, we did not confirm the influence of 
nicotine dependence or alcohol abuse on the occurrence 
of albuminuria. However, unlike the EPIMIL study, we did 
not find an influence of family cardiovascular risk history 
on the occurrence of albuminuria. The persistence of, or 
even increase in, albuminuria in soldiers tested during the 
36-month follow-up could be associated with an increase in 
diastolic blood pressure and BMI, which might result from 
the insufficient effect of health-related actions and the fact 
that the observation period was shorter than in other pop-
ulation studies [12,13].

Conclusions

Albuminuria has been revealed as a relatively frequent and 
persistent abnormality in young and apparently healthy sol-
diers. The demonstrated relationships between albuminuria 
and selected biochemical and demographic cardiovascular 
risk factors indicate that albuminuria is a useful early mark-
er of cardiovascular risk in young male professional soldiers.
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