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Abstract. The factors associated with proteinuria were exam-
ined in a large multiracial Asian population participating in a
screening program aimed at the early detection of renal dis-
ease. Of 213,873 adults who participated, 189,117 with com-
plete data were included. Malay race, increasing age, both
extremes of body mass index (BMI), self-reported family his-
tory of kidney disease (FKD), and higher systolic and diastolic
BP measurements (even at levels classified as being within the
normal range) were independently associated with dipstick-
positive proteinuria. The odds ratios (OR) for proteinuria in-
creased progressively with age. There was a J-shaped relation-
ship between BMI and proteinuria (OR of 1.3, 1.00, 1.3, 1.6,
and 2.5 for BMI of =18.00, 23.00 to 24.99, 25.00 to 27.49,
27.50 to 29.99, and =30.00 kg/m?, respectively, compared
with BMI of 18.01 to 22.99 kg/m?). OR for proteinuria accord-
ing to systolic and diastolic BP were significantly increased

beginning at levels of 110 and 90 mmHg, respectively. In
addition, the Malay race was associated with a significantly
higher OR for proteinuria, compared with the Chinese race
(OR of 1.3). Finally, FKD was significantly associated with
proteinuria (OR of 1.7), whereas a family history of diabetes
mellitus and a family history of hypertension were not. When
family histories were analyzed by clustering, isolated FKD
remained a significant determinant of proteinuria and the mag-
nitude of the effect was not significantly different from that
observed in the presence of a coexisting family history of
diabetes mellitus or hypertension. This is the first study to
evaluate factors associated with proteinuriain an Asian popu-
lation. The epidemiologic study of renal disease in this popu-
lation suggests that risk factors for renal disease might differ
significantly among racial groups.

Proteinuria is a well recognized predictor of end-stage renal
disease (ESRD) and all-cause mortality rates, as well as car-
diovascular mortality rates (1-3). Recent studies suggest that
low grades of proteinuria or microabuminuria might be asso-
ciated with early renal disease even in the nondiabetic popu-
lation (3). Indeed, there has been increasing interest in the
determination of risk factors for the development of protein-
uria, because such studies might facilitate focused preventive
and therapeutic efforts to delay the progression to significant
renal damage (4).

Epidemiologic studies have suggested that markers for car-
diovascular disease are also risk factors for renal disease and
proteinuria (5,6). However, previous studies were limited by
gender specificity (5) and by a relatively small number of
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subjects (6). In addition, those studies focused primarily on
Caucasian populations. Extremely limited epidemiologic data
are available in the literature for identification of risk factors
for the development of urinary abnormalities among Asians,
particularly among the Chinese population. Because Asians are
at somewhat increased risk of developing ESRD and the epi-
demiologic features of their rena disease reflect a markedly
different pattern, compared with that of Caucasians (7,8), it is
conceivable that the associated risk factors for proteinuria and
renal disease among Asians of varying racial backgrounds
might be different. We sought to identify the determinants of
proteinuria for Chinese, Malays, and Asian Indians in Singa-
pore, a country reported by the United States Renal Data
System as having the third highest ESRD incidence rate in the
world (9). This study is based on a nationwide screening
program that seeks to identify adults who are at increased risk
for renal disease and hypertension.

Materials and Methods
Sudy Population

This study is part of the ongoing Prevention Program of the
National Kidney Foundation Singapore (NKFS), the largest charitable
organization in the country, which provides subsidized dialysis care to
>60% of the total ESRD population of the country (10). The Preven-
tion Program, which was initiated in 1997, aims to reduce the inci-
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dence of ESRD in Singapore via a comprehensive strategy of screen-
ing, early intervention, research, and improved care of individuals at
risk for the development of renal disease. Screenings for urinary
abnormalities and hypertension are major components of the program.
The screening program targets four discrete populations, as follows:
the working population (screening is performed at work sites), the
general adult population (screening is performed at housing estates, at
community centers, and through the use of mobile screening buses),
the pediatric population (screening is performed at school sites), and
the taxi driver population (an occupational cohort for which screening
is performed at taxi repair offices). This study includes only data for
the working population, for which screening was performed at work
sites. Individuals who underwent screening through the community-
based, school-based, and taxi driver-focused programs were excluded
from these analyses because subjects from the community-based and
taxi driver-focused programs were still being enrolled at the time of
manuscript preparation. In addition, slight differences in methodol ogy
exist among the target populations. In particular, individuals who
participate in the community-based program are subject to a nominal
fee. Furthermore, in the work site screening program, the manner in
which the subjects are invited to participate directly involves the
employer. This raises the possibility that individuals who recognize
that they have risk factors for chronic disease and exhibit urinary
abnormalities might be less likely to participate in the work site
screening program. To avoid the possibility of differences in partici-
pation rates among the various target populations, leading to selection
bias, this analysis was limited to individuals who participated in the
work site screening program.

Voluntary free health screening was offered to all companies in
Singapore with a staff strength of >50 individuals, through each
company’s assigned coordinator (generally a member of the human
resources department). The only additional NKFS requirement was
the designation of a quiet 10- X 20-foot room, on the company
premises, in which to conduct screening activities. The company
coordinator circulated information regarding the health screening to
al employees of the respective workplace. Interested employees
signed up for screening on predetermined dates. Screening was con-
ducted during an 8-h period each day. Health screening was per-
formed by 16 teams composed of four staff nurses and three coordi-
nators, al of whom were employees of the NKFS. Work site
screening was performed on every working day of the year.

Of an estimated 5000 companies in Singapore with the minimal
number of employees, 1700 (34%) participated in the program. A
range of 20 to 95% of all employees in the screened companies took
part in the screening exercise. A total of 213,873 subjects participated
in the work site screening program during the period of January 1999
to December 2000. This period was selected because data on race
were collected beginning in the year 1999. Of the total number of
subjects who participated in the screening program, 19,542 women
(9.1%) were excluded because they were undergoing menstruation at
the time of the screening and 5214 subjects (2.4%) were excluded
because of missing data. Complete information (except for family
history data) was available for the 189,117 subjects included in the
analyses.

In the analysis evaluating the association between a family history
of kidney disease (FKD) and proteinuria, 30,291 subjects were ex-
cluded because of incomplete data on FKD, family history of diabetes
mellitus (FDM), and family history of hypertension (FHTN). An
additional 250 participants with known personal histories of heredi-
tary renal disease (polycystic kidney disease) and/or family histories
of hereditary kidney disease were excluded, leaving 158,576 subjects
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available for the analysis evaluating family histories of disease and
proteinuria.

Screening Examinations

After providing consent, each subject completed a self-adminis-
tered questionnaire regarding demographic information, medical his-
tory of rena disease, diabetes mellitus, or hypertension, FKD, FDM,
and FHTN. The NKFS coordinator ensured completeness of the
questionnaire responses. After removal of shoes and heavy clothing,
each subject underwent weight and height measurements, using a
calibrated scale. The body massindex (BMI) was calculated as weight
(in kilograms) divided by height squared (in sguare meters). The
subject was then asked to collect a clean-catch, midstream, random
urine specimen, which was subjected to dipstick analysis (Labstix;
Bayer Diagnostics, Tarrytown, NY) of protein, blood, and glucose
according to the instructions provided by the dipstick manufacturer.
After the subject rested for 5 min, BP was measured twice with an
automated sphygmomanometer, according to previously published
guidelines (11). An average of the two readings was calculated. A
third measurement was performed with a mercury sphygmomanom-
eter if the BP readings were =140 mmHg for systolic BP (SBP) or
=90 mmHg for diastolic BP (DBP).

Because of poor discrimination between negative and trace-posi-
tive dipstick readings (12), abnormal urine screening results were
defined as the presence of =1+ protein (equivaent to =30 mg/dl).
Similarly, hematuria was defined as the presence of =1+ blood in
dipstick analyses. BP abnormalities were defined according to Joint
Nationa Committee VI criteria (11). Briefly, stage 1 hypertension
was defined as SBP of 140 to 159 mmHg or DBP of 90 to 99 mmHg,
stage 2 hypertension as SBP of 160 to 179 mmHg or DBP of 100 to
109 mmHg, and stage 3 hypertension as SBP = 180 mmHg or DBP
= 110 mmHg. Individuals who were identified as exhibiting urinal-
ysis abnormalities or hypertension underwent on-site counseling with
trained staff nurses. These nurses had undergone a 5-d training pro-
gram that tested their ability to uniformly and appropriately apply the
various screening tools, as well as establishing their competence in
genera health counseling. A detailed protocol outlining the standard
examination and counseling procedures was provided for each screen-
ing nurse, to ensure consistency of the screening methods and coun-
seling recommendations. In addition, semiannual meetings were con-
ducted to reinforce and update the protocols. Random visits by senior
nursing administrators were performed to ensure consistent practices
by the screeners.

Each screening participant was given awritten report of the screen-
ing results and the health counseling recommendations. Individuals
who were identified as exhibiting abnormalities were instructed to
pursue subsequent evaluations with their own physicians. Within 1 wk
after completion of the screening, the nurses conducted follow-up
calls to subjects with clinical abnormalities, to remind those individ-
ualsthat further evaluation was necessary. During the study period, no
follow-up information was available for the screening participants. All
health-related information was made available only to the respective
subject and was not directly available to the participating companies.

Data Handling

All survey forms and health screening results were entered into a
database by a data management company (Masters Systems Inc.,
Singapore), using a double-entry system. Correlational analyses were
performed to evaluate the consistency of the data entry process.
Furthermore, each health screening form was scanned into a database
by using proprietary software developed by the data entry company
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Table 1. Characteristics of the study population (n =

189,117)2
Clinical Features No. of Subjects
Gender
male 100,397 (53.1%)
female 88,720 (46.9%)
Race
Chinese 145,897 (77.1%)
Malay 19,921 (10.5%)
Indian 16,887 (8.9%)
other 6,412 (3.4%)
Age
=30 yr 70,368 (37.2%)
31 to 40 yr 56,772 (30.0%)
41 to 50 yr 39,545 (20.9%)
51 to 60 yr 16,410 (8.7%)
=60 yr 6,022 (3.2%)
History of diabetes mellitus
yes 3,893 (2.1%)
no 184,435 (97.5%)
unknown 789 (0.4%)
History of hypertension
yes 12,529 (6.6%)
no 175,778 (92.9%)
unknown 810 (0.4%)
History of renal disease
yes 3,143 (1.7%)
no 185,347 (98.0%)
unknown 627 (0.3%)
Smoking
yes or in the past 34,583 (18.3%)
no 154,534 (81.7%)
BMI
=18.00 kg/m? 9,821 (5.2%)
18.01 to 22.99 kg/m? 85,958 (45.5%)
23.00 to 24.99 kg/m? 37,047 (19.6%)
25.00 to 27.49 kg/m? 30,633 (16.2%)
27.50 to 29.99 kg/m? 14,894 (7.9%)
=30.00 kg/m? 10,764 (5.7%)
SBP
=109 mmHg 45,245 (23.9%)
110 to 129 mmHg 85,485 (45.2%)
130 to 139 mmHg 30,778 (16.3%)
140 to 159 mmHg 22,175 (11.7%)
160 to 179 mmHg 4,260 (2.3%)
180 to 199 mmHg 929 (0.5%)
=200 mmHg 245 (0.1%)
DBP
=79 mmHg 116,979 (61.9%)
80 to 89 mmHg 50,608 (26.8%)
90 to 99 mmHg 16,778 (8.9%)
100 to 109 mmHg 3,995 (2.1%)
110 to 119 mmHg 645 (0.3%)
=120 mmHg 112 (0.1%)

2BMI, body mass index; SBP, systolic BP; DBP, diastolic BP;
FDM, family history of diabetes mellitus;, FHTN, family history of
hypertension; FKD, family history of kidney disease.

P In the subgroup with availeble family history data (n = 158,576).

¢ In the subgroup with FKD (n = 5,893).
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Table 1. Continued

Clinical Features

No. of Subjects

FDMP
yes 31,505 (19.9%)
no 127,071 (80.1%)
FHTN®
yes 37,775 (23.8%)
no 120,801 (76.2%)
FKDP
yes 5,893 (3.7%)
no 152,683 (96.3%)
Cause of FKD®
glomerulonephritis 25 (0.4%)
diabetes mellitus 332 (5.6%)
hypertension 212 (3.6%)
unknown 5,324 (90.3%)
Cluster of family histories®
FDM + FHTN + FKD 1,626 (1.0%)
FDM + FHTN 14,270 (9.0%)
FDM + FKD 1,023 (0.6%)
FDM only 14,586 (9.2%)
FHTN + FKD 1,233 (0.8%)
FHTN only 20,646 (13.0%)
FKD only 2,011 (1.3%)
none 103,181 (65.1%)

(Maslmage Document Retrieval System; Masters Systems). This al-
lowed actual forms to be viewed on the computer screen. A fina
visual verification of every 33rd form was then performed by the
NKFS Prevention Program database manager. Data entry error was
noted to be only 0.2% of all variables entered into the database.

Satistical Analyses

The outcome under analysis was the presence of proteinuria, as
defined by dipstick protein results of =1+. Exposure variables that
were considered included gender, age, race, smoking, BMI, history of
diabetes mellitus, hypertension, or renal disease, FDM, FHTN, FKD,
SBP, and DBP. Categories of age were as follows. =30, 31 to 40, 41
to 50, 51 to 60, and =60 yr of age. BMI was classified as =18.00,
18.01 to 22.99, 23.00 to 24.99, 25.00 to 27.49, 27.50 to 29.99, or
=30.00 kg/m?. SBP was categorized as =109, 110 to 129, 130 to 139,
140 to 159, 160 to 179, 180 to 199, or =200 mmHg. DBP was
categorized as =79, 80 to 89, 90 to 99, 100 to 109, 110 to 119, or
=120 mmHg.

Data analyses and calculations were performed by using the SPSS
statistical package, version 10.1 (SPSS Inc., Chicago, IL). The crude
(unadjusted) relationships between the exposure variables and the
presence or absence of proteinuria were examined in univariate lo-
gistic regression analyses. Multivariate logistic regression anaysis
was then performed to evaluate the simultaneous effects of the various
exposure variables, with adjustment for the potential confounding
effects of other factors. For this purpose, male, Chinese, =30 yr of
age, nonsmoking status, no preexisting disease, BMI of 18.01 to 22.99
kg/m?, SBP of =109 mmHg, and DBP of =79 mmHg were used as
reference categories. Family histories of disease were treated as a
cluster, to take into account possible additive effects of family histo-
ries of multiple diseases. Therefore, individuals were grouped into
categories representing family histories of all three diseases (diabetes
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Table 2. Frequency distribution of proteinuria and hematuria

No. of Subjects

Proteinuria

negative 187,103 (98.94%)

30 mg/dl (+) 1,518 (0.80%)

100 mg/dl (++) 410 (0.22%)

300 to 1000 mg/dl (+++/++++) 86 (0.05%)
Urinary abnormality

isolated proteinuria 1,495 (0.79%)

isolated hematuria 17,139 (9.06%)

both hematuria and proteinuria 519 (0.27%)

none 169,971 (89.88%)

mellitus, hypertension, and kidney disease), family histories of a
combination of any two of the three diseases, or a family history of
only one of these diseases, using the absence of any family history as
the reference category. Odds ratios (OR) and 95% confidence inter-
vals were obtained for the final predictive model. Subgroup analysis
according to race was performed for all except for the Asian Indian
subgroup, because of the small number of Asian Indians with pro-
teinuria (n = 171).

Results
Clinical and Demographic Findings Associated with
Proteinuria

The clinical and demographic features of this work site
screening population are presented in Table 1. Of the 189,117
participants included in this study, 53.1% (100,397 subjects)
were male. Seventy-seven percent (145,897 subjects), 10.5%
(19,921 subjects), 8.9% (16,887 subjects), and 3.4% (6412
subjects) represented Chinese, Malay, Asian Indian, and other
racial groups, respectively. Only 2.1% (3893 subjects), 6.6%
(12,529 subjects), and 1.7% (3143 subjects) of the study pop-
ulation had known histories of diabetes mellitus, hypertension,
and renal disease, respectively. Eighteen percent had either
current or previous exposure to smoking. The mean and me-
dian ages of the participants were 36.3 = 11.3 and 34.0 yr,
respectively. Eighty-eight percent of the subjects were <50 yr
of age, consistent with the relative youth of the working
population under study. BMI values between 18.01 and 22.99
kg/m?, the range proposed as optimal for the Chinese popula-
tion (13), were observed for 45.5% (85,958 subjects). SBP
values in the range considered hypertensive (=140 mmHg)
(11) were observed for 14.6% (27,609 subjects). SBP values
considered high normal (between 130 and 139 mmHg) were
observed for an additional 16.3% (30,778 subjects). Eleven
percent (21,530 subjects) demonstrated DBP measurements of
=90 mmHg. An additional 26.8% (50,608 subjects) exhibited
DBP readings between 80 and 89 mmHg.

Among subjects for whom complete family history data
were available, FKD, FDM, or FHTN was present for 3.7%
(5893 subjects), 19.9% (31,505 subjects), and 23.8% (37,775
subjects), respectively. When family histories of disease were
clustered, 1.0% (1626 subjects) demonstrated family histories
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of al three diseases, 9.0% (14,270 subjects) had FDM and
FHTN, 0.6% (1023 subjects) had FDM and FKD, 0.8% (1233
subjects) had FHTN and FKD, 1.3% (2011 subjects) had FKD
aone, 9.2% (14,586 subjects) had FDM alone, and 13.0%
(20,646 subjects) had FHTN alone; 65.1% (103,181 subjects)
of the total study population had no family history of any of the
three diseases.

The frequency distribution of dipstick proteinuria, as well as
proteinuria with or without dipstick hematuria, is presented in
Table 2. Proteinuria of =1+ was observed for 1.1% (2014
subjects) of this young adult working population. Among sub-
jects with proteinuria of =1+, 0.79% (1495 subjects) of the
total population exhibited isolated proteinuria and the remain-
ing 0.27% (519 subjects) of the total population exhibited
proteinuria with hematuria. 1solated hematuria, defined as dip-
stick hematuria of =1+, was observed for 9.06% (17,132
subjects) of the total population.

Table 3 presents the demographic and clinical characteristics
that were associated with proteinuria in univariate analyses.
Gender was not a significant predictor of the presence of
proteinuria in this population. Malays were significantly more
likely to exhibit proteinuria, with an OR of 1.6 (P < 0.0001),
compared with Chinese subjects. Subjects with a history of
diabetes mellitus, hypertension, or renal disease were signifi-
cantly more likely to exhibit proteinuria in urinalyses, com-
pared with those without a history of disease (OR of 5.9, 5.2,
and 5.7, respectively; P < 0.0001 for al). Each increasein age
category beyond 30 yr was observed to be associated with a
progressively greater likelihood of proteinuria; individuals in
the age categories of 31 to 40, 41 to 50, 51 to 60, and =61 yr
demonstrated univariate OR of 1.4, 2.4, 3.4, and 7.9, respec-
tively (P < 0.0001 for al), compared with individuals =30 yr
of age. In addition, increasing BMI was significantly associ-
ated with proteinuria (OR of 1.2, 1.8, 2.5, and 4.3 for each
increase in BMI category, compared with a BMI of 18.01 to
22.99; P < 0.0001 for al).

Both SBP and DBP were significantly associated with the
presence of proteinuria (Table 3). Each progressive increasein
SBP was associated with a progressively greater likelihood of
proteinuria, even at SBP levels below the standard definitions
for hypertension (11). Similarly, DBP increases above 79
mmHg, to levels not considered to be elevated, were signifi-
cantly associated with the presence of proteinuria.

The presence of concomitant hematuria or glycosuria was
significantly associated with proteinuria, with OR of 3.4 for
subjects with associated hematuria and 3.6 for subjects with
associated glycosuria (P < 0.0001). Finaly, FKD and FHTN
were associated with proteinuria, with OR of 2.5 (P < 0.0001)
and 1.3 (P < 0.0001), respectively, whereas FDM was not a
determinant of proteinuria (OR of 1.1, P = 0.09). In addition,
when family histories of disease were analyzed by cluster,
FKD (alone or in combination with FDM or FHTN) was
associated with proteinuria. Because smoking status was not
significantly associated with proteinuria in the crude anaysis,
it was excluded from further analysis.
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Table 3. Univariate OR for the presence of proteinuria®

Clinical Feature Unl(\/)%late 95% ClI P Value
Gender (F/M) 0.9 0.8to0 1.0 0.074
Race (Chinese = ref)
Indian 1.0 09to 1.2 0.937
other 0.8 0.6 to 1.0 0.058
Malay 1.6 15t01.8 <0.0001
Age (=30 yr = ref)
31to 40 yr 14 13to 1.7 <0.0001
41 to 50 yr 24 22t027 <0.0001
51 to 60 yr 34 3.0t0 4.0 <0.0001
=61 yr 7.9 6.8t09.2 <0.0001
Prior diabetes mellitus (yes versus no) 5.9 5110 6.8 <0.0001
Prior hypertension (yes versus no) 5.2 481t05.8 <0.0001
Prior renal disease (yes versus no) 5.7 491t06.2 <0.0001
BMI
=18.0 kg/m? 1.2 09to 15 0.232
18.0 to 22.99 kg/m? ref ref ref
23.00 to 24.99 kg/m? 12 12to 16 <0.0001
25.00 to 27.49 kg/m? 1.8 1.8t023 <0.0001
27.50 to 29.99 kg/m? 25 251033 <0.0001
=30.00 kg/m? 43 44t05.7 <0.0001
SBP (=109 mmHg = ref)
110 to 129 mmHg 14 12to 16 <0.0001
130 to 139 mmHg 24 20to 28 <0.0001
140 to 159 mmHg 4.6 39t05.3 <0.0001
160 to 179 mmHg 9.4 7.8to 115 <0.0001
180 to 199 mmHg 18.1 13.9t0 23.6 <0.0001
=200 mmHg 314 21.4 10 46.1 <0.0001
DBP (=79 mmHg = ref)
80 to 89 mmHg 19 17t021 <0.0001
90 to 99 mmHg 4.1 3.6t04.6 <0.0001
100 to 109 mmHg 6.5 55t07.7 <0.0001
110 to 119 mmHg 10.8 7.810 149 <0.0001
=120 mmHg 422 26.7 to 66.7 <0.0001
Hematuria (yes versus no) 34 3.1t0 3.8 <0.0001
Glycosuria (yes versus no) 3.6 31to4.2 <0.0001
FDMP® (yes versus no) 11 10to 1.2 0.0908
FHTNP (yes versus no) 13 12t014 <0.0001
FKDP (yes versus no) 25 211030 <0.0001
Cluster of family histories® (versus none)
FDM + FHTN + FKD 2.0 141028 0.0002
FDM + FHTN 12 10to 14 0.0211
FDM + FKD 24 161to0 3.6 <0.0001
FHTN + FKD 3.0 22t04.2 <0.0001
FDM only 11 09to 1.3 0.5031
FHTN only 13 12t015 <0.0001
FKD only 31 24t04.1 <0.0001
Smoking (yes versus no) 0.996 09to 1.1 0.940

20R, odds ratio; Cl, confidence interval; ref, reference value.
®1n the subgroup with available family history data.

Adjusted Analyses mained significantly associated with proteinuria, with a 30%

The adjusted OR for the factors associated with proteinuria increase in the odds of exhibiting proteinuria (P < 0.0001),
are presented in Table 4. Gender was not associated with compared with the Chinese racial group. Increasing age was
proteinuria in the multivariate analysis. The Malay race re- also associated with proteinuria, although OR were significant
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Table 4. Multivariate OR for the presence of proteinuria®
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Clinical Feature

Multivariate

OR 95% CI P Vaue
Gender (F/M) 1.0 09to 11 0.858
Race (Chinese = ref)
Indian 0.9 0.7to 1.1 0.190
other 0.8 0.6to 1.1 0.274
Malay 13 12t015 <0.0001
Age (=30 yr = ref)
31to 40 yr 11 09to 1.2 0.457
41 to 50 yr 12 10to 14 0.010
51 to 60 yr 13 11t016 0.002
=61 yr 2.7 221033 <0.0001
Prior diabetes mellitus (yes versus no) 20 16to24 <0.0001
Prior hypertension (yes versus no) 1.8 16t020 <0.0001
Prior renal disease (yes versus no) 35 29t043 <0.0001
BMI
=18.00 kg/m? 13 1.0to0 1.7 0.031
18.01 to 22.99 kg/m? ref ref ref
23.00 to 24.99 kg/m? 1.0 09to 1.2 0.628
25.00 to 27.49 kg/m? 13 12t016 <0.0001
27.50 to 29.99 kg/m? 16 13t0 19 <0.0001
=30.00 kg/m? 25 2.2t03.0 <0.0001
SBP (=109 mmHg = ref)
110 to 129 mmHg 12 10to 14 0.046
130 to 139 mmHg 14 12t018 0.001
140 to 159 mmHg 17 1l4t022 <0.0001
160 to 179 mmHg 23 18to 3.1 <0.0001
180 to 199 mmHg 33 2.3t04.8 <0.0001
=200 mmHg 3.8 2.2t0 6.5 <0.0001
DBP (=79 mmHg = ref)
80 to 89 mmHg 11 10to 1.3 0.148
90 to 99 mmHg 15 12t018 <0.0001
100 to 109 mmHg 17 13to21 <0.0001
110 to 119 mmHg 18 12t028 0.006
=120 mmHg 45 241085 <0.0001
Hematuria (yes versus no) 29 2610 3.3 <0.0001
Glycosuria (yes versus no) 15 13t018 <0.0001
Cluster of family histories® (versus none)
FDM + FHTN + FKD 13 09t0 18 0.225
FDM + FHTN 0.9 0.8to 1.1 0.539
FDM + FKD 18 12to 27 0.009
FHTN + FKD 19 14t028 <0.0001
FDM only 1.0 09to 12 0.810
FHTN only 11 09to 12 0.365
FKD only 20 15t0 2.6 <0.0001

2Cl, confidence interval; ref, reference value.
P In the subgroup with available family history data.

only beyond 41 yr of age (OR of 1.2, 1.3, and 2.7 for age
groups of 41 to 50, 51 to 60, and =61 yr, respectively,
compared with the age group of =30 yr). The OR for protein-
uriafor six categories of BMI demonstrated a J-shaped pattern,
such that the groups with BMI values of 18.00 to 22.99 and
23.00 to 24.99 kg/m? exhibited the lowest odds, whereas the

lowest and highest BMI groups exhibited significantly greater
odds for proteinuria. BMI values in the lowest category
(=18.00 kg/m?) demonstrated an OR of 1.3 (P = 0.031).
Higher BMI values were similarly associated with proteinuria
(OR of 1.3 for BMI of 25.00 to 27.49 kg/m?, 1.6 for BMI of
27.50 to 29.99 kg/m?, and 2.5 for BMI of =30.00 kg/m?; P <
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0.0001 for al). Preexisting renal disease of unspecified cause
was strongly associated with proteinuria (OR of 3.5, P <
0.0001). Histories of diabetes mellitus or hypertension per-
sisted as significant determinants for proteinuria (OR of 2.0
and 18, respectively; P < 0.0001 for both).

SBP was associated with proteinuria, with a 40% increase in
odds being noted even at SBP levels between 130 and 139
mmHg (OR of 1.4, P = 0.001). In addition, the association
between SBP and proteinuria did not seem to have a minimal
threshold level, because a trend for an increase in odds for
proteinuria was observed even with SBP measurements be-
tween 110 and 129 mmHg (OR of 1.2, P = 0.046). The
relationship between SBP and proteinuria was strong and
graded, such that SBP categories of 140 to 159, 160 to 179, 180
to 199, and =200 mmHg were associated with OR of 1.7, 2.3,
3.3, and 3.8, respectively (P < 0.0001 for all). DBP was also
independently associated with proteinuria. As was observed for
SBP, DBP exhibited a strong graded relationship with protein-
urig, without any clear threshold below which DBP did not
have an effect. Each increase in DBP was associated with
significantly greater odds of exhibiting proteinuria, beginning
with DBP values of =80 mmHg (Table 4). Therefore, an
individual with a DBP measurement between 80 and 89 mmHg
would demonstrate an OR of 1.5 (P < 0.0001) for proteinuria,
compared with an individual with a DBP measurement of =79
mmHg.

The presence of hematuria was associated with an almost
threefold increase in the odds of exhibiting proteinuria (OR of
2.9, P < 0.0001). Findly, the presence of glycosuria was a
significant determinant of proteinuria (OR of 1.5, P < 0.0001),
even with adjustment for known diabetes mellitus. Thisfinding
suggests that a segment of the study population might have
proteinuria and renal disease associated with previously unde-
tected diabetes mellitus, as indicated by the presence of gly-
cosuria. Supporting this hypothesisis the observation that, in a
separate analysis that excluded subjects with a history of dia-
betes mellitus, the presence of glycosuria remained signifi-
cantly associated with proteinuria (OR of 1.4, 95% confidence
interval of 1.2 to 1.8, P < 0.001).

When family histories of disease were analyzed as a cluster,
FKD alone remained significantly associated with proteinuria,
with an OR of 2.0 (P < 0.0001), whereas FDM aone and
FHTN alone were not significant determinants. The presence
of both FKD and FHTN, as well as FKD and FDM, was aso
significantly associated with proteinuria (OR of 1.9 for FKD
plus FHTN, P < 0.0001; OR of 1.8 for FKD plus FDM, P =
0.009). However, the presence of either isolated FDM or
FHTN or a family history of &l three conditions were not
significantly associated with proteinuria.

Subgroup Analyses

To determine whether racia differences exist in factors
associated with proteinuria, subgroup analyses were per-
formed. As indicated in Table 5, increasing age, preexisting
disease, BMI, SBP, DBP, FKD (either alone or in combination
with FDM or FHTN), hematuria, and glycosuria were signifi-
cantly associated with proteinuria for the Chinese racial group.
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For the Malay race, increasing age was less closely associated
with proteinuria. In addition, only in the highest category was
BMI associated with proteinuria among the Malays, in contrast
to the Chinese, for whom the J-shaped relationship between
BMI and the presence of proteinuria was retained.

Discussion

The major findings of this cross-sectional study are that
increasing age, both extremes of BMI, and higher SBP and
DBP measurements (even at levels till classified as being
within the normal range) are associated with the presence of
proteinuria. FKD aone, but neither FDM alone nor FHTN
alone, was aso significantly associated with proteinuria. Gen-
der was not observed to be significantly associated with pro-
teinuria in this Asian population. Finally, the Malay race was
significantly associated with proteinuria, compared with the
Chinese race. These findings persisted even after adjustment
for the confounding effects of other variables, as well as
preexisting diabetes mellitus, hypertension, or renal disease.

Ageisarecognized risk factor for renal disease (14,15). This
is attributed partly to glomerular obsolescence and decreased
renal vascular flow (15). Our finding that age of =40 yr was
significantly associated with proteinuriais consistent with pub-
lished studies. The reason why age was observed to be signif-
icantly associated with proteinuriaonly among the Chinese and
not among the Malays remains unclear and deserves further
study. A potential explanation relates to the observation that
Malays exhibit higher rates of cardiovascular risk factors and
outcomes (16), and possibly associated rena disease or pro-
teinuria, such that older, healthy, working Malays who might
have undetected proteinuria might be underrepresented in this
study, resulting in the so-called “competing risks’ phenome-
non (17).

The finding that elevated DBP and SBP are associated with
proteinuria is not unexpected. Hypertensive nephrosclerosis is
one of the leading causes of ESRD (8). Prospective studies,
such as Multiple Risk Factor Intervention Tria (MRFIT), have
provided evidence that hypertension leads to chronic renal
damage, at least among men (5). In the latter study, the effect
of elevated SBP or DBP on the subsequent development of
ESRD was strong and graded and existed at BP levels classi-
fied as normal but not optimal. In another analysis of the
MRFIT data, each 9-mmHg increase in DBP was associated
with an OR of 1.37 for the presence of dipstick-positive pro-
teinuria (2). In the only study evaluating the relationship be-
tween BP and ESRD in an Asian (Japanese) population, high
DBP was associated with an OR of 1.4 for ESRD, compared
with individuals with DBP of =69 mmHg (18). In a study of
another population, an 18-mmHg increase in SBP was signif-
icantly associated with microalbuminuria (6). Plausible mech-
anisms have focused on the elevation in the pressure transmit-
ted to the glomeruli, which might result in sclerosis and
proteinuria with time (19).

Our study extends previously published findings by suggest-
ing that the relationship between SBP or DBP elevations and
renal damage is present even in the earlier stages of rena
disease, as defined by the presence of proteinuria. This is
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Table 5. Multivariate OR for the presence of proteinuria in subgroup analyses according to race®

Chinese Malays
Clinical Feature Multivarite  osc1 pvaue  MUTVAIA® o551 P value
Gender (F/M) 1.0 09to 11 0.999 12 09to 15 0.204
Age (=30 yr = ref)
31to 40 yr 12 10to 14 0.084 0.7 05t0 1.0 0.065
41 to 50 yr 14 12to1.7 <0.0001 0.7 0.5t0 1.0 0.036
51 to 60 yr 17 14t020 <0.0001 0.6 0.4 to 1.0 0.033
=61 yr 35 28t04.4 <0.0001 0.8 0.4to0 1.6 0.623
Prior diabetes mellitus (yes versus no) 1.9 15t0 25 <0.0001 2.7 17t043 <0.0001
Prior hypertension (yes versus no) 1.9 1.7t022 <0.0001 1.3 09to 1.8 0.165
Prior renal disease (yes versus no) 35 281t04.3 <0.0001 4.6 26t018 0.165
BMI
=18.0 kg/m? 14 11t019 0.017 0.7 05t022 0.537
18.01 to 22.99 kg/m? ref ref ref ref ref ref
23.00 to 24.99 kg/m? 11 09to0 13 0.464 0.8 05to0 1.3 0.400
25.00 to 27.49 kg/m? 15 13to 1.7 <0.0001 1.0 0.7to 1.6 0.819
27.50 to 29.99 kg/m? 17 14t020 <0.0001 14 09to21 0.133
=30.00 kg/m? 26 221032 <0.0001 21 14t030 <0.0001
SBP (=109 mmHg = ref)
110 to 129 mmHg 11 09to0 1.3 0.368 15 09to24 0.121
130 to 139 mmHg 13 10to 1.7 0.023 17 091to 3.0 0.097
140 to 159 mmHg 14 11t01.38 0.010 33 18t06.1 <0.0001
160 to 179 mmHg 17 121023 0.002 5.0 2410 10.7 <0.0001
180 to 199 mmHg 24 16t0 3.8 <0.0001 9.7 3.7t025.7 <0.0001
=200 mmHg 28 15t054 0.002 10.6 29t039.1 <0.0001
DBP (=79 mmHg = ref)
80 to 89 mmHg 11 09to0 1.3 0.386 13 09to 19 0.163
90 to 99 mmHg 15 12t018 <0.0001 17 11to 27 0.030
100 to 109 mmHg 16 12t022 0.002 18 10t0 3.3 0.875
110 to 119 mmHg 20 121033 0.006 0.9 0.3t0 3.0 0.875
=120 mmHg 34 15t079 0.005 113 2910440 <0.0001
Hematuria (yes versus no) 2.7 241031 <0.0001 3.6 281048 <0.0001
Glycosuria (yes versus no) 14 11to 17 0.004 1.7 11to25 0.013
Cluster of family histories® (versus none)
FDM + FHTN + FKD 13 09to0 20 0.204 1.0 0.4to0 25 0.969
FDM + FHTN 1.0 08to 1.2 0.623 0.8 05to0 1.3 0.463
FDM + FKD 17 11t029 0.031 18 0.6to5.1 0.272
FHTN + FKD 16 10to 24 0.029 33 15t073 0.004
FDM only 0.9 08to 1.2 0.586 1.0 0.7 to 1.5 0.964
FHTN only 1.0 09to 1.2 0.696 11 0.8to 1.6 0.555
FKD only 19 14t026 <0.0001 2.7 11t06.2 0.023

2Cl, confidence interval; ref, reference value.
P In the subgroup with available family history data.

consistent with observations that individuals with isolated bor-
derline systolic hypertension are at significantly increased risk
for cardiovascular outcomes (20), given recent observations
that proteinuria and cardiovascular risk factors and outcomes
are strongly associated with each other (21). The fact that even
mild BP elevations were associated with proteinuria for this
Asian population might suggest that norma BP values for
Asians are not equivalent to those established for Caucasians.

This might indicate the need to establish BP nomograms spe-
cific to the Asian population.

In our study, elevated BMI values were also significantly
associated with proteinuria. For the Chinese racial group, each
BMI category above 25 kg/m? was associated with progres-
sively higher OR for the presence of proteinuria (Table 5).
Among the Malays, the relationship between BMI and protein-
uria was pronounced only at BMI levels of =30 kg/m?. Chi-
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nese generally exhibit lower mean BMI values, compared with
other ethnic groups in Singapore (16). Indeed, it has been
proposed that the upper limit of the normal BMI range for
Chinese subjects is closer to 23 kg/m? (13). Therefore, the
deleterious effects of elevated BMI values on the kidney (such
as hyperfiltration and proteinuria), which are generally associ-
ated with severe obesity (22), could potentially occur at much
lower BMI levels in the Chinese population. The observation
that BMI values of <18.00 kg/m? were associated with pro-
teinuria among the Chinese subjects suggests a different patho-
physiologic process. It is possible that proteinuria and unde-
tected renal disease in adults might lead to decreased weight
gain and low BMI. Alternatively, individuals with low BMI
values (and conceivably low birth weights) might be at higher
risk for proteinuria and renal disease, consistent with previous
studies that suggested that low birth weights and low renal
masses lead to increased risks of hyperfiltration and renal
damage during adulthood (23,24). Because this is a cross-
sectiona study, it is not possible to determine the sequence of
events.

In our study, FKD alone, but neither FDM alone nor FHTN
alone, was significantly associated with proteinuria. Although
the odds for proteinuria associated with FKD (OR of 2.0) were
independent of coexisting FDM and/or FHTN, clustering of
FKD with either FDM (OR of 1.8) or FHTN (OR of 1.9) was
also associated with a significant risk for proteinuria It is
notable, however, that FKD, but not FDM or FHTN (alone or
in combination), was necessary and sufficient for an associa-
tion with proteinuria. The coexistence of all three diseases
(FDM plus FHTN plus FKD) was not significantly associated
with proteinuria in our study (OR of 1.3). A potential expla-
nation might be that individuals with family histories of all
three conditions are more aware of their familial predisposition
to chronic disease, such that they might have elected to avoid
putative risk factors for proteinuria and rena disease, com-
pared with individuals without family histories of all three
diseases. Alternatively, individuals with family histories of all
three conditions might be at increased risk for renal disease and
proteinuria not because of the family history or genetic predis-
position itself but rather because of the presence of associated
determinants of diabetes mellitus and hypertension within fam-
ilies, such as elevated BMI. Therefore, FDM, FHTN, and FKD
were indeed significant predictors of proteinuria in univariate
analyses (OR of 2.0, P = 0.0002). However, with consider-
ation of other possible explanatory variables (such asBMlI), the
association was no longer significant, as demonstrated in the
multivariate analysis.

Studies of familial clustering of ESRD suggest that it is the
family history of ESRD itself that confers an increased risk of
developing ESRD, irrespective of the mechanism of renal
injury. Freedman et al. (25) reported that, whereas eight of 50
patients (16%) with lupus nephritis had a first-, second-, or
third-degree relative with ESRD, only one of the eight relatives
with ESRD had lupus or a collagen vascular disease. A recent
study of familial clustering of ESRD in alarge incident cohort
of dialysis patients in a wide geographic area in the southern
United States confirmed earlier reports of the familial aggre-
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gation of ESRD attributable to hypertension and diabetes mel-
litus and reveal ed a genetic susceptibility to the development of
ESRD attributable to glomerulonephritis and other causes of
renal disease among both African Americans and Caucasians
(26). However, the similar proportions of prevalent cases in-
volving first- or second-degree relatives with ESRD in that
study (22.2% for incident dialysis patients with diabetes mel-
litus, 18.9% for hypertension, and 22.7% for glomerulonephri-
tis) suggest that there is an inherited susceptibility to progres-
sive rena failure, independent of the cause of ESRD.

Finally, the Malay race was observed to be significantly
associated with proteinuria (Table 4). Thisfinding is consistent
with observations that Malays exhibit the highest incidence
rate of ESRD, compared with other racial groupsin Singapore
(262, 216, and 148 cases/million population among Malays,
Chinese, and Asian Indians, respectively; adapted from refer-
ence 7). A similar relationship between the Malay race and
proteinuria was observed among non-Chinese children in Sin-
gapore (24). Potential explanations that require further evalu-
ation include racial differences in nutrition, socioeconomic
status, or genetic predisposition. Differences in birth weights
among these minority ethnic groups might also account for
increased predisposition to both hypertension and renal disease
(24).

Our study has several potential limitations that must be
considered in the interpretation of our findings. As in any
cross-sectional study, causation cannot be established because
the sequence of events between exposure and outcome is not
defined. For example, it is possible that individuals with un-
detected renal disease and proteinuria might present with mild
elevations in SBP and DBP. However, our findings are con-
sistent with other reports that mild BP elevations can lead to
clinically significant renal disease (19). Information on poten-
tia confounding variables affecting the relationships between
the various exposures analyzed and proteinuria was not avail-
able. In this regard, nutritional intake, cholesterol levels, fast-
ing glucose levels, and other cardiovascular risk factors might
have confounded the relationship between race and proteinuria.
We are in the process of obtaining information on such poten-
tial confounders for a subset of our screening population.
Another limitation of our study is that self-reported histories of
disease were not confirmed by chart review or telephone in-
terview. Thereis aso the possibility of a selection bias, in that
the individuals who volunteered to participate in the screening
program might be more or less likely to manifest the relation-
ships between BP, age, race, and proteinuria. The fact that our
findings were strong, graded, and consistent with published
reports suggests that bias is less likely. Another limitation of
our study is the use of urine dipstick results as the outcome
under consideration. Urine dipstick analysis is only a semi-
quantitative estimation of the severity of proteinuria. Errorsin
the classification of results are likely to be random (random
misclassification), however, which tends to bias potential as-
sociations toward the null value (27). Therefore, our findings
could reflect an underestimation of the true odds for proteinuria
associated with age, race, BMI, BP, and FKD. Furthermore, in
a study evaluating the relationship between random urine dip-
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stick results and albumin/crestinine ratios, there was a 91%
positive predictive value of =1+ proteinuria for both diabetic
and nondiabetic populations (28). Dipstick-positive proteinuria
was used as an outcome, as well as a predictor, in astudy of the
MRFIT population (2). Finally, the relative health and youth of
our study population might limit the generalizability of some of
our findings. In particular, the prevalence rates of proteinuria
and elevated BP might not be representative of the total Sin-
gapore population. Therefore, the screening program was ex-
tended to involve community-based and taxi driver-focused
screening. Data on these populations are still being collected.
Despite the limited generalizability of our prevalence rates for
proteinuria, we think that the associations we have reported
will apply to other populations with the same racial back-
ground, particularly in Southeast Asia.

In conclusion, elevationsin SBP and DBP (at levels consid-
ered acceptable) are associated with proteinuriain amultiracial
Asian population. Other factors associated with proteinuria
include age, BMI, and FKD. In addition, racia differences
exist in the odds for proteinuria, as well as in the factors
associated with proteinuria. This is the first study to evaluate
factors associated with proteinuriain an Asian population. The
epidemiologic study of renal disease in this population is of
relevance because risk factors for renal damage might differ
among non-Caucasians, as suggested by our study. The iden-
tification of factors associated with proteinuria might lead to
the modification of putative risk factors for renal disease. This
is of significance, because proteinuria and even microa bumin-
uria are associated with cardiovascular and renal outcomes,
even in nondiabetic populations (19,29). Additionally, the de-
termination of factors associated with proteinuria in this pop-
ulation could guide the design of a more focused screening
strategy, by identifying individuals at higher risk for abnor-
malities. Such a targeted prevention strategy could potentially
result in the reduction of ESRD in the population at highest risk
for its development.
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