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Prevalence of microalbuminur
ia in the general population of
Seychelles and strong association with diabetes and
hypertension independent of renal markers
Menno T. Pruijma, George Madeleineb, Walter F. Riesenc, Michel Burniera

and Pascal Bovetb,d
Objective Few studies have examined microalbuminuria

(MAU) in non-western populations. We assessed the

prevalence of MAU in the general population of a middle-

income country in the African region and relationships

between MAU and selected cardiovascular risk factors.

Methods An examination survey was conducted in a

sample representative of the entire population aged 25–64

years in the Seychelles. MAU adjusted for urine creatinine

concentration was measured on the second morning urine

using a semiquantitative point-of-care analyzer.

Results A total of 1255 persons attended the survey

(participation rate of 80.2%). The age-adjusted prevalence

of MAU was 11.4%. At age 25–64 years, the prevalence of

MAU was 5% in persons without diabetes and hypertension,

20% in persons with either condition and 41% in persons

with both conditions. The overall prevalence of stages 3–4

chronic kidney disease was low at 3.2%. In multivariate

analysis, MAU was associated with age [odds ratio (OR)

1.24 for a 10-year increase; 95% confidence interval (CI):

1.02–1.52], hypertension stage I (2.0; 1.1–3.8) and

stage II (4.5; 2.3–8.6), obesity (1.7; 1.0–2.8) and diabetes

(3.0; 1.9–4.9). These associations were virtually unchanged

upon further adjustment for markers of renal function such

as serum creatinine, serum cystatin C and calculated renal

function.
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Conclusion The prevalence of MAU was high in this

population, and MAU was strongly associated with several

cardiovascular risk factors independently of renal function

markers. These findings suggest that MAU could be a useful

marker of cardiovascular risk in this population and help

identify persons in need of a specific cardiovascular risk

management. J Hypertens 26:871–877 Q 2008 Wolters

Kluwer Health | Lippincott Williams & Wilkins.
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Introduction
Microalbuminuria (MAU) is defined as an increased urine

albumin excretion (30–300 mg per 24 h) that is undetect-

able by standard protein dipstick testing [1]. MAU has

been recognized as an early sign of renal damage and a

predictor of end-stage renal disease in diabetic patients

[2,3]. In addition, MAU is recognized as a predictor of

cardiovascular morbidity and mortality, even in the

absence of diabetes or overt impaired kidney function

[4–7]. These relationships of MAU with both renal

function and cardiovascular risk suggest that screening

for MAU is a useful additional test for identifying persons

at risk for developing renal and cardiovascular compli-

cations [8].

A limitation in defining a universal role of MAU as a tool

for surveillance or screening is the paucity of both pre-
valence and outcome data in several populations. In

particular, the prevalence of MAU is largely unknown

in non-western populations [9] and we are not aware of

any population-based survey in the African region.

The gold standard for MAU measurement is based on

24-h urine collection [1]. Alternatively, MAU can be

assessed using nontimed random spot urine sampling

[10]. Spot sample-based tests are generally adjusted to

creatininuria to take into account the variation in urinary

flow rate and concentration and the test is considered

positive for the albumin/creatinine ratio (ACR) of

30–300 mg albumin/g creatinine, corresponding to

3.4–33.9 mg albumin/mmol creatinine [11,12]. ACR

can be measured either quantitatively or semiquantita-

tively. Semiquantitative ACR, which can be done using a

point-of-care analyzer and fairly inexpensive reagents,
orized reproduction of this article is prohibited.
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correlates well with albuminuria measured using (quan-

titative) reference laboratory methods and some of these

tests (like the one used in this study) have been recog-

nized as valid screening method [1,11,13].

The aim of this study was to estimate the prevalence of

MAU using semiquantitative spot urine sampling in the

general population of the Seychelles, a rapidly develop-

ing country in the African region, and to investigate the

relationship between MAU and selected cardiovascular

risk factors in this population.

Methods
The Republic of Seychelles is a group of islands in the

Indian Ocean situated 2000 km east of Kenya. Although

intermarriage has blurred racial differences in many

inhabitants, it can be considered that approximately

two-thirds of the population are of predominantly African

descent, 15% are of white, Indian or Chinese descent and

a fifth are mixed between these various groups. The

national gross domestic product per capita, in real terms,

increased from US$2927 in 1980 to US$5239 in 2004,

reflecting booming tourism and industrial fishing indus-

tries. Increased levels of cardiovascular risk factors,

particularly overweight, hypertension and diabetes, have

been documented in the adult population in 1989 and

2004 [14,15].

In 2004, a population-based survey of cardiovascular risk

factors was conducted (Seychelles Heart Study III). The

methods of the survey have been reported previously [15].

Briefly, a random sex-stratified and age-stratified sample

of all inhabitants aged 25–64 years was drawn using

computerized data of a national population census carried

out in 2002 and thereafter regularly updated by civil

status authorities. Eligible persons were invited by letter

to join one of the study centers. The survey was approved

by the Ministry of Health. Persons were free to partici-

pate and gave written informed consent.

Weight and height were measured and body mass index

(BMI) was calculated. Blood pressure (BP) was measured

several times in persons seated for at least 30 min, using a

cuff adjusted to the arm circumference. We used the

average of the second and third measurement, obtained

with a mercury sphygmomanometer. BP categories fol-

lowed usual recommendations [16].

Venous blood was drawn in the morning after an overnight

fast. All samples were centrifuged within 2 h of blood

collection and plasma was immediately frozen to

�208C. Blood sugar was measured using a Cholestec point-

of-care analyzer. If the value was at least 5.6 mmol/l, an

additional capillary measurement – adjusted for plasma

values – was carried out (Ascencia Elite glucometer;

Bayer, Leverkussen, Germany) and the average of the

two readings was considered. An oral glucose tolerance test
opyright © Lippincott Williams & Wilkins. Unautho
was performed if the fasting blood glucose concentration

was at least 5.6 mmol/l and less than 7 mmol/l and with

no reported history of diabetes [17]. Other analyses

were performed in the Laboratory of the Kantonspital,

St Gallen (Switzerland) and included creatinine, cystatin

C, high-density lipoprotein cholesterol (HDL-c) and tri-

glycerides. Low-density lipoprotein cholesterol (LDL-c)

was calculated with the Friedewald formula. The Modi-

fication of Diet in Renal Disease-formula (4v-MDRD) was

used to estimate the creatinine clearance [18]. Stages of

chronic kidney disease (CKD) were classified along the

K/DOQI guidelines [19].

Microalbuminuria was measured with a Clinitek Status

analyzer (Bayer) on a spot of the second morning urine

(0800–1100 h) after an overnight fast. We used the sec-

ond morning urine instead of the first morning urine for

practical reasons as participants had to be examined in a

few study centers and travel accordingly (most often by

bus, travel duration of <1 h in most cases). This analyzer

uses a sulphonephthalein dye binding to measure albu-

min and the peroxidase-like activity of copper creatinine

complexes to measure creatinine. The color yields of

the separate reaction pads are monitored by a reflectance

photometer and compared with a preprogrammed

calibration algorithm [20]. Thus, it provides four

categories of albumin concentration (10, 30, 80 and

150 mg/l) and five categories of creatinine concentration

(0.9, 4.4, 8.8, 17.7 and 26.5 mmol/l), as well as three

calculated categories of ACR: normal albuminuria

(< 3.4 mg albumin/mmol creatinine), microalbuminuria

(3.4–33.9 mg albumin/mmol creatinine) and macroalbu-

minuria (> 33.9 mg albumin/mmol creatinine).

These categories are based on an in-built preprogrammed

calculation by the device that cannot be modified and

on the – preprogrammed – classic definition of MAU

(3.4–33.9 mg albumin/mmol creatinine).

The distribution of cardiovascular risk factors (mean

values and prevalence) was standardized for age using

the new World Health Organization standard population

[21]. Differences in age-standardized estimates were

tested using Student’s t-test for continuous variables

and x2-test for categorical variables. We examined the

univariate and multivariate relationships between micro-

albuminuria and other cardiovascular risk factors and

other markers of renal function using logistic regression

analysis, appropriately weighted for the stratified study

design. All P-values were two-sided and values less than

0.05 were considered significant. Analyses were per-

formed using SPSS software version 14.0 (SPSS Inc.,

Chicago, Illinois, USA).

Results
Of the 1563 eligible persons, 1255 participated in the

survey, a participation rate of 80.2%. This study refers to
rized reproduction of this article is prohibited.
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Table 1 Prevalence (%) of microalbuminuria and macroalbuminuria by age and sex

Age

25–34 years 35–44 years 45–54 years 55–64 years 25–64a years

Men
N 124 134 158 143 559
Normal 96.8 (1.6) 91.0 (2.5) 84.8 (2.9) 74.9 (3.6) 88.7 (1.2)
Microalbuminuria 3.2 (1.6) 9.0 (2.5) 14.6 (2.8) 23.1 (3.5) 10.8 (1.3)
Macroalbuminuria 0 0 0.6 (0.6) 2.1 (1.2) 0.5 (0.2)

Women
N 140 164 176 179 659
Normal 95.7 (2.5) 90.9 (2.7) 81.9 (3.0) 70.7 (3.4) 87.0 (1.4)
Microalbuminuria 4.3 (2.4) 8.5 (2.6) 17.5 (2.9) 23.8 (3.2) 12.1 (1.4)
Macroalbuminuria 0 0.6 (0.8) 0 4.4 (1.5) 0.9 (0.4)

Total
N 264 298 334 322 1218
Normal 96.2 (1.5) 90.9 (1.9) 83.5 (2.1) 73.0 (2.5) 87.9 (1.0)
Microalbuminuria 3.8 (1.5) 8.7 (1.8) 16.2 (2.0) 23.6 (2.3) 11.4 (0.9)
Macroalbuminuria 0 0.4 (0.5) 0.3 (0.4) 3.4 (1.0) 0.7 (0.2)

Standard error is given within parentheses. a Standardized for age.
1218 participants after exclusion of 25 persons reporting

menstruations or acute urinary tract infections and

12 persons with incomplete data. The prevalence of

CKD stages 3–5 was low in participants in this survey

[19]. No participant had CKD stage 5; CKD stage 4 was

found in 0.3% of participants aged 55–64 years, CKD

stage 3 was found in 7.1% of participants aged 55–64

years; overall, 3.2% of participants had CKD stages 3–4.

The prevalence of MAU according to sex and age is

shown in Table 1. Overall, the prevalence of MAU

increased from 3.8% at age 25–34 years to 23.6% at

age 55–64 years. The prevalence of MAU was slightly

higher in women than in men, irrespective of age.

Examined separately, albuminuria increased over age

categories whereas creatininuria did not. A total of

87.3% of subjects had urine creatinine values of

8.8 mmol/l or higher. This suggests that most subjects

had rather concentrated urine.

Table 2 shows the prevalence of MAU by categories of

sex, age, high blood pressure (HBP) and diabetes, stra-

tified by age and sex. Estimates for age 25–64 years are
opyright © Lippincott Williams & Wilkins. Unauth

Table 2 Prevalence (in percentage) of microalbuminuria in persons w

Men

25–44
years

45–64
years

25–64
years

No hypertension (<140/90 mmHg) 2.8 (1.2) 8.5 (2.5) 4.6 (1.2)
Hypertension stage I

(140–159/90–99 mmHg)
13.5 (4.8) 20.8 (4.1) 16.5 (3.0)

Hypertension stage II (�160/90 mmHg) 17.6 (9.5) 39.4 (5.8) 32.4 (5.0)
All hypertensives (�140/90 mmHg) 14.3 (4.2) 28.5 (3.5) 22.0 (2.7)
Neither diabetes nor IGT 4.5 (1.4) 12.0 (2.5) 6.7 (1.3)
IGT 5.0 (5.0) 19.7 (5.1) 14.3 (3.9)
Diabetes 33.3 (12.6) 41.5 (6.2) 38.2 (5.5)
Neither hypertension nor diabetes 2.2 (1.1) 5.3 (2.1) 3.0 (1.0)
Hypertension or diabetes 13.0 (4.1) 23.0 (3.6) 18.4 (2.7)
Hypertension and diabetes 36.6 (18.2) 43.1 (7.1) 41.6 (6.6)

Standard error is given within parentheses. Prevalence for categories 25–64 years is
analysis. IGT, impaired glucose tolerance.
standardized for age. The patterns of prevalence of MAU

across categories of HBP and diabetes were largely

similar in men and in women. Overall (men and women

aged 25–65 years), the prevalence of MAU increased

largely across categories of BP (respectively 7 vs. 24% in

persons with less or more than 140/90 mmHg, P< 0.01)

and categories of blood glucose (respectively 8 vs. 36% in

persons with or without diabetes, P< 0.01). Note that

prevalence of MAU among persons with ‘hypertension’

(first four rows in Table 2) is in contrast to persons

‘without hypertension’; hence, these persons may or

may not also have diabetes. The same remark applies

for categories of diabetes (rows 5–7 in Table 2) and these

persons may or may not also have hypertension. The

prevalence of MAU increased gradually across categories

of normal BP, hypertension stage 1 and hypertension

stage 2 (respectively 7, 18 and 34%; P< 0.01 for all

differences). Similarly, the prevalence of MAU increased

gradually across categories of normal blood glucose,

impaired glucose tolerance and diabetes (respectively

8, 17 and 36%; P< 0.01 for all differences). The preva-

lence of MAU was low among persons of all ages without

diabetes or HBP (5%), as compared with 20% in persons
orized reproduction of this article is prohibited.

ith hypertension, diabetes or both conditions

Women Total

25–44
years

45–64
years

25–64
years

25–44
years

45–64
years

25–64
years

6.3 (1.5) 15.5 (2.6) 8.6 (1.3) 4.8 (1.0) 12.8 (1.8) 6.8 (0.9)
12.9 (6.1) 26.6 (4.6) 21.0 (3.7) 13.3 (3.7) 23.6 (3.0) 18.2 (2.3)

11.1 (11.1) 42.6 (6.4) 36.3 (5.8) 15.4 (7.2) 40.9 (4.3) 33.9 (3.8)
12.5 (5.3) 32.9 (3.8) 26.3 (3.2) 13.6 (3.3) 30.6 (2.6) 23.7 (2.0)

5.6 (1.4) 15.7 (2.6) 8.6 (1.3) 5.1 (1.0) 14.0 (1.8) 7.6 (0.9)
4.8 (4.8) 27.4 (5.7) 19.3 (4.4) 4.9 (3.4) 23.6 (3.8) 16.6 (2.9)

31.3 (12.0) 37.1 (5.1) 34.1 (4.6) 32.3 (8.5) 39.0 (3.9) 36.1 (3.5)
5.1 (1.4) 12.6 (2.6) 6.8 (1.2) 3.9 (0.9) 9.6 (1.8) 5.0 (0.8)

13.6 (5.2) 27.0 (3.7) 23.0 (3.0) 13.3 (3.2) 25.1 (2.6) 20.3 (2.0)
31.6 (20.8) 42.8 (7.2) 40.9 (6.8) 34.7 (13.2) 43.0 (5.1) 41.3 (4.7)

standardized for age. Participants with macroalbuminuria were excluded from this
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Table 3 Relationships between microalbuminuria and selected risk factors

Variable Criterion Prevalence (%)a Crude OR (95% CI) P Adjusted OR (95% CI) P

Age category 25–34 22.2 (1.2) 1 1
35–44 25.1 (1.2) 2.44 (1.15–5.15) <0.005 1.67 (0.77–3.63) NS
45–54 27.4 (1.3) 4.92 (2.45–9.86) <0.005 2.34 (1.12–4.91) 0.024
55–64 25.3 (1.3) 8.21 (4.15–16.3) <0.005 2.99 (1.41–6.35) <0.005

Sex Women vs. men 49.1 (15)–50.9(15) 1.13 (0.82–1.58) NS 1.25 (0.82–1.91) NS
Smoking Yes vs. no 17.7 (1.8)–82.3(1.1) 1.01 (0.65–1.57) NS 1.44 (0.84–2.31) NS
Body mass index (kg/m2)

Normal <25 40.1 (1.5) 1 1
Overweight 25–29 35.2 (1.4) 1.65 (1.06–2.55) 0.026 1.13 (0.69–1.84) NS
Obese �30 24.7 (1.3) 3.11 (2.03–4.75) <0.005 1.70 (1.01–2.84) 0.044

Blood pressure (mmHg)
Normal <120/80 30.0 (1.4) 1 1
Prehypertension 120–39/80–89 38.1 (1.5) 1.82 (1.03–3.22) 0.039 1.22 (0.67–2.23) NS
Stage I 140–59/90–99 20.9 (1.2) 4.11 (2.34–7.21) <0.005 2.02 (1.08–3.78) 0.029
Stage II >160/100 11.0 (0.9) 8.96 (5.01–16.0) <0.005 4.47 (2.33–8.57) <0.005

Glucose metabolism (mmol/l)
Normal <5.6 62.9 (1.4) 1 1
IFG and no IGT 5.6–6.9 13.9 (1.0) 1.46 (0.84–2.54) NS 1.03 (0.57–1.84) NS
IGT 2hG: 7.8–11.1 11.8 (0.9) 2.71 (1.68–4.38) <0.005 1.50 (0.89–2.53) NS
Diabetes FBG �7 or 2hG �11.1 11.4 (0.9) 6.17 (4.08–9.35) <0.005 3.04 (1.89–4.89) <0.005

LDL cholesterol (mmol/l) 3.6 (1.2) 1.26 (1.12–1.43) <0.005 1.10 (0.96–1.27) NS
HDL cholesterol (mmol/l) 1.4 (0.5) 0.76 (0.53–1.08) NS 1.01 (0.68–1.51) NS

Participants with macroalbuminuria were excluded from this analysis. Prevalence is standardized for age. CI, confidence interval; FBG, fasting blood glucose; HDL, high-
density lipoprotein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; LDL, low-density lipoprotein; OR, odds ratio; 2hG, glucose 2 h after 75 g glucose meal.
a Standard error is given within parentheses.
with either hypertension or diabetes and 41% in persons

with both hypertension and diabetes (P< 0.001 for all

differences).

Table 3 shows the univariate and multivariate relation-

ships between MAU and selected cardiovascular risk

factors. Participants with macroalbuminuria are not

included in these analyses. In univariate analysis, MAU

was strongly associated with age, overweight/obesity

(BMI� 25 kg/m2), HBP categories, glucose metabolism

categories and LDL-c. Multivariate analysis showed that

age, obesity (BMI� 30 kg/m2), hypertension and diabetes

remained associated with MAU. Analyses conducted

separately in men and in women showed largely similar

patterns of associations, except for an association with

obesity in women [odds ratio (OR) 3.0; 95% confidence

interval (CI) 1.4–6.4] but not in men (0.69; 95% CI: 0.29–

1.63) and a trend toward a stronger association with hyper-

tension and diabetes in men than in women.

Multivariate OR shown in Table 3 relating diabetes and

hypertension to MAU remained virtually identical upon

further adjustment for renal function markers (creatinine,

cystatin C and 4v-MDRD) alone or in combination (data

not shown). For example, the OR for diabetes was 3.02

(2.83–3.23) without adjustment for renal markers and

2.91 (2.71–3.12) with adjustment for creatinine, cystatin

C and 4v-MDRD. This indicates that the relationships

between MAU and hypertension and diabetes are largely

independent of renal function markers.

Discussion
Taken together, the results of this analysis show a high

prevalence of microalbuminuria in the general adult
opyright © Lippincott Williams & Wilkins. Unautho
population of Seychelles, a strong association between

microalbuminuria and hypertension and diabetes and

that these associations are independent of renal function

markers.

We are not aware of any previous large-scale, population-

based estimate of the prevalence of MAU in the African

region. The prevalence of MAU at age 25–64 years

(11.4%) was high in the population of Seychelles as

compared with the population-based data of western

countries. The prevalence of MAU in predominantly

white populations ranged between 6 and 11.6%

(Table 4 [22–28]) and was approximately 7% in African

Americans aged more than 6 years [29,30]. Compared

with white individuals, African individuals tend to have

higher muscle mass, hence higher urine creatinine

excretion and lower rates of creatinine-adjusted MAU

[31]. This systematic difference would tend to under-

estimate the prevalence of MAU in Seychelles as com-

pared with the studies in white individuals [31].

Several factors underlie the high prevalence of MAU in

our study. First, the prevalence of hypertension (e.g. 32%

with BP�140/90 mmHg at age 25–64 years) and diabetes

(11% at age 25–64 years) is high in the Seychelles by

International Standards [15]. Approximately, one-third

(36.1%) of persons with diabetes had MAU and this

percentage increased further (to 41.6%) in the presence

of associated hypertension, underlining the additional

effect of these conditions on MAU. Second, the preva-

lence of obesity is also high in Seychelles (e.g. 25% at age

25–64 years). Excess body weight has been reported to

be associated with MAU and albuminuria independently

of other risk factors such as hypertension and diabetes
rized reproduction of this article is prohibited.
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Table 4 Review of large studies that have reported the prevalence of microalbuminuria in the general population

Study
Country, year
of study Participants (n)

Population
Prevalence of

MAU (%)Age (mean) (years) Area, sampling Diabetics (%)

Association between albuminuria
and proteinuria in the general
population (Aus Diab Study) [27]

Australia,
1999–2000

11 247 >25 (49) Total population,
random

1.8 6

European Prospective Investigation
into Cancer in Norfolk
(EPIC-Norfolk) [24]

United Kingdom,
1993–97

23 630 40–79 (63) Urban, random 2.2 11.6

Nord-Trøndelag Health Study
(HUNT) [23]

Norway, 1995–97 2113 20–80 (49) Total population,
random

0 (diabetics
excluded)

1.5–23.8

Hillege et al. [28] Zimbabwe, 1999 370 >25 Urban – only women,
random

Unspecified 8

Jacobs et al. [25] Singapore, 1997 19 848 65–73 (70.6) Urban, random 14.3 8.5
NHANES III [22] United States,

1988–94
22 244 6–80 Total population,

random
5.9 7.9

Prevention of Renal and Vascular
End Stage Disease
(PREVEND) [26]

The Netherlands,
1997–98

40 619 28–75 (49.5) Urban, random 2.6 7.2

Seychelles Heart Study III Seychelles, 2004 1255 25–64 (45) Total population,
random sample

11.0 11.4

MAU, microalbuminuria.
[22]. The high prevalence of MAU in the population of

Seychelles illustrates the changing epidemiological

situation related to the rapid emergence of noncommu-

nicable diseases in countries in health transition and the

subsequent new challenges for healthcare systems [32].

The prevalence of MAU was slightly higher in women

than in men in our study, whereas the reverse was found

in several other populations [33–35]. Increased preva-

lence of MAU in women than in men might be related to

lower muscle mass – hence creatininuria – in women.

Therefore, some authors [23–25] have suggested the use

of sex-related cut-off values to define MAU (2.5–30 mg/

mmol for men and 3.5–30 mg/mmol for women). There is

however, so far, no definite consensus and some current

recommendations advise for sex-specific cut-offs

[24,25,36] whereas others do not [26,27]. Furthermore,

the semiquantitative method used in this study has not

been developed to provide sex-specific results. Using a

sex-specific threshold, however, might result in a MAU

prevalence moderately higher in men and lower in

women as compared with the current results, but the

overall MAU prevalence might not be altered substan-

tially. Such sex-specific criteria might have a particular

impact on the prevalence of MAU in the youngest age

category in which muscle mass – hence urinary creatinine

excretion – is high. Although the increased prevalence of

MAU in women than in men in our study may relate, in

part, to the chosen cut offs, this difference is also consistent

with a markedly increased prevalence of overweight in

women than in men in Seychelles [15], as obesity has been

found to be an independent risk factor of MAU.

The strong associations between MAU and both hyper-

tension and diabetes in the Seychelles are consistent with

findings in other populations [28,34,35,37,38]. The mech-

anisms underlying these relationships are still debated.
opyright © Lippincott Williams & Wilkins. Unauth
There is increasing evidence for a causal pathway linking

diabetes, hypertension and the metabolic syndrome to

systemic (including glomerular) endothelial dysfunction

[39], increased vessel wall permeability and leakage of

lipoproteins and albumin (including MAU) and, finally,

accelerated atherosclerosis [40]. These mechanisms

might also explain the higher cardiovascular mortality

found in persons with MAU [5].

The relationships between MAU and hypertension and

diabetes remained largely unchanged upon adjustment for

markers of renal function such as creatinine, 4v-MDRD

and cystatin C in our study. This finding is consistent with

the hypothesis that MAU is the consequence of systemic

dysfunction (e.g. endothelial dysfunction) rather than the

sole consequence of renal impairment. This is also con-

sistent with the evidence that the presence of MAU

independently increases cardiovascular risk in persons

with diabetes and/or hypertension [7,33,34]. In the

Framingham study [6], MAU was shown to independently

increase the cardiovascular risk by three-fold. The cross-

sectional design of our study, however, precludes firm

conclusions on causality.

The use of a semiquantitative method for MAU screen-

ing in our study is another limitation. This can be a source

of some misclassification but we do not expect a systema-

tic bias in the overall prevalence estimate. Other studies

[1,13,15,41] have used semiquantitative devices as they

correlate well with quantitative methods, as shown, for

example, by a sensitivity of 75–85% and a specificity of

85–94% when compared with the latter.

Our study raises the question of the potential usefulness

of MAU screening for identifying persons at increased

risk of cardiovascular and/or renal complications in

populations experiencing epidemiological transition.
orized reproduction of this article is prohibited.
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MAU screening is attractive and possibly cost-effective

[42] as it is technically easy to perform (e.g. spot urine,

inexpensive reagents and no need for the intervention of

a specialist) and it gives information on both cardiovas-

cular and renal risk [43].

Nevertheless, several issues deserve attention. First, it is

not established whether persons with isolated MAU

should receive treatment [e.g. angiotensin-converting

enzyme (ACE) inhibitor] although some recent studies

[8,44] (in western countries) showed a reduction in car-

diovascular events and urinary albumin excretion in

persons treated with an ACE inhibitor as primary pre-

vention. Second, screening strategies need more clarifi-

cation: which individuals should be screened (e.g. in

terms of associated risk factors or absolute risk stratifica-

tion) and how MAU should be assessed (e.g. albuminuria

vs. ACR, modalities for urine collection, need for con-

firmatory test if a first test is positive). Third, more data

are needed to show that MAU screening would improve

treatment as compared with therapeutic decisions based

on medical information other than MAU (e.g. medical

history, physical examination, risk factors and so on). On

that note, MAU could also constitute a tool for health

education and studies could examine whether patients

aware of MAU would be, for example, more motivated to

adhere to treatment (e.g. lifestyle changes, medication for

hypertension or diabetes). Fourth, more studies are

needed to expand our knowledge on the prevalence of

MAU in different populations and the relationship

between MAU and cardiovascular and renal outcomes

in these populations. In a context of low resource settings,

and given that MAU determination is noninvasive and

relatively inexpensive (e.g. US$2–3 per test), MAU could

serve as a simple means for assessing an individual’s

cardiovascular risk, and perhaps particularly when risk

stratification cannot rely on more invasive tests, including

blood lipids.

In conclusion, our study provides the first estimate of the

prevalence of MAU in an African population in health

transition. By showing strong associations between MAU

and cardiovascular risk factors, our findings suggest that

MAU could be a useful marker of cardiovascular risk to

help identify patients in need of intensified cardiovas-

cular risk management. Further prevalence and outcome

studies in different populations are needed to further

guide consensus on the value of MAU as a screening tool

for renal and/or cardiovascular diseases.
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