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Abstract: Albuminuria is often used as a surrogate marker for the risk of fatal and non-fatal events in clinical trials of
antihyperglycemic medications or in antihypertensive therapy. Similarly, low estimated glomerular filtration rate (eGFR), which
is a common manifestation of progressed diabetic nephropathy, has also been demonstrated to be an independent risk factor for
cardiovascular events and death. Recent evidence suggests that both high albuminuria and low eGFR are independent risk factors
for progressive kidney failure and cardiovascular disease. The purpose of this study was to investigate the impacts of
albuminuria and low eGFR on the risk of cardiovascular disease. A cross-sectional design was used. Data were collected through
adults’ health examinations by a hospital in a certain area in Pingtung County between 2011 and 2015. The health data base
included participants’ basic information, physical examination and blood examination results. Use abbreviated modification of
diet in renal disease, aMDRD (Abbreviated modification of diet in renal disease) formula to estimate eGFR. Use metabolic
syndrome to define the criteria of rising blood pressure, blood sugar, blood lipids as an important cardiovascular disease (CVD)
indicator and then calculation of the 10-year risk for CVD was completed using data from the Framingham Heart Study and a
computer was used to determine risk values. In this study, < 10% was defined as low risk, 11-20% was defined as moderate risk,
and > 20% was defined as high risk. As albuminuria and eGFR approached critically high values, initially moderate and high
10-year risk levels for CVD tended to increase. Logistic regression analysis showed that patients with severe albuminuria and
severe eGFR had higher risks of metabolic syndrome, abnormal waist circumference, hyperglycemia, reduced high-density
lipoprotein cholesterol (HDL-C), hypertriglyceridemia, and elevated blood pressure. The study concluded that albuminuria and
eGFR are risk factors for CVD and can increase a patient’s 10-year risk of CVD.
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1. Introduction

Chronic kidney disease (CKD) is an important public health
issue on the global stage [1, 2]. 10-16% of adults in Asia,
Australia, Europe, and America suffer from CKD [3-6]. Even
after the exclusion of traditional CKD risk factors, such as
hypertension and diabetes, CKD has been found to increase
all-cause death (ACD), mortality due to cardiovascular

diseases (CVD), and the risk of death due to renal failure [1, 7].

Many studies have indicated that estimated glomerular
filtration rate (¢GFR) and albuminuria are related to CKD in
the general population. One study found that lower eGFR (<
60ml/min/1.73m?) and higher albuminuria
(albumin-to-creatinine ratio, ACR > 10 mg/g) levels are
independent risk factors for ACD and death due to CVD in the
general population [8].
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CKD is characterized by decreased renal function (GFR <
60ml/min/1.73m?) or renal injuries (by urinary albumin
excretion > 30 mg/day) [9]. GFR is used to diagnose CKD [2,
10] and is widely applied as an independent factor to predict
ACD, death due to CVD, and renal failure in the general
population [8, 11-13]. For the measurement of serum
creatinine, clinical guidelines recommend using eGFR [2, 10]

as the renal function indicator. Currently, eGFR is used in 84%

of laboratories in the United States [14]. eGFR and
albuminuria are important factors for CKD diagnosis, staging,
and risk assessment. For universal thresholds, the use of this
standard is recommended regardless of age, gender, and ethnic
group. However, the relation between demographic factors
and the impacts of eGFR and albuminuria on CVD is
understudied [15].

Recent studies have shown that albuminuria and low eGFR
are independent risk factors for renal failure and CVD.
Nevertheless, different research designs and different methods
of participant selection may lead to different results regarding
renal failure, CVD, and ACD.

There have been few studies in Taiwan that evaluated the
effects of albuminuria and low eGFR on CVD risk. This
study investigated the impacts of albuminuria and eGFR on
CVD.

2. Methods
2.1. Study Design

This study conducted a cross-sectional research
investigation. Data were collected from health examinations
for adults conducted by a hospital in Pingtung County
between 2011 and 2015. Data obtained from the health
database (including the participants’ basic information, as
well as physical examination and blood and urinary
examination results) were processed. The abbreviated
modification of diet in renal disease (aMDRD) formula was
used to estimate eGFR. Metabolic syndrome and
compositional factors served as important criteria for CVD.
The 10-year risk for CVD was calculated using the assessment
tool from the Framingham Heart Study; < 10% was defined as
low risk, 11-20% was defined as moderate risk, and > 20%
was defined as high risk.

2.2. Participants

The participants in this study were adults who underwent
health examinations (or comprehensive screening) between
2011 and 2015; those who did not complete their physical
examinations or biochemical blood tests were excluded.

2.3. Definition of Terms

2.3.1. Definition of CKD

In the present study, the GFR was estimated using the
Modification of Diet in Renal Disease (MDRD), and CKD
was grouped into 5 stages based on the categorization of CKD
by the National Kidney Foundation, Inc.: a patient whose
eGFR > 90 ml/min/1.73m* with proteinuria was in stage 1;
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those with eGFR 60-89 ml/min/1.73m? with proteinuria were
in stage 2; those with eGFR 30-59ml/min/1.73m’ were in
stage 3; those with eGFR 15- 29ml/min/1.73m” were in stage
4; those with eGFR < 15ml/min/1.73m” were in stage 5.

2.3.2. Metabolic Syndrome Was Defined According to the
Criteria Set by the Health Promotion Administration,
Ministry of Health and Welfare, in 2007

Accordingly, three of the following five criteria were

grounds for definition: (1) elevated blood pressure: blood
pressure of at least 130/85 mmHg or use of antihypertensive
medications, (2) hypertriglyceridemia: serum triglycerides
(TG) of at least 150 mg/dL, (3) reduced high-density
lipoprotein cholesterol (HDL-C): HDL-C < 40 mg/dL in men
and < 50 mg/dL in women, (4) hyperglycemia: raised fasting
plasma glucose (FPG) of 100 mg/dL or more or use of drug
treatment of elevated glucose, and (5) central obesity: waist
circumference > 90 cm in men and > 80 cm in women.

2.3.3. High-Risk Factors of CVD

Metabolic syndrome and compositional factors (elevated
blood pressure, hyperglycemia, hypertriglyceridemia, reduced
HDL-C, and central obesity) were important criteria for CVD.

2.3.4. A Qualitative Examination Was Conducted to
Determine Albuminuria Levels
A reagent paper was placed into urine. Results were
categorized into: negative (-) (albumin < 0.1g/L), trace (+/-)
(0.1-0.2g/L), 1+(0.2-1.0g/L), 2+( 1.0-2.0g/L), 3+(2.0-4.0g/L),
and 4+(> 4.0g/L).

2.3.5. The 10-Year CVD Risk Assessment Tool from the
Framingham Heart Study Was Employed to Calculate
the Risk

Data from the Framingham Heart Study were used to

predict the chances of CVD in the following 10 years. < 10%

was defined as low risk, 11-20% was defined as moderate risk,

and > 20% was defined as high risk. [16]

2.4. Ethical Considerations

The data collection and analysis in this study began after the
research plan was reviewed by the Institutional Review Board
(IRB).

2.5. Statistical Analysis

Statistics Package for Social Science (SPSS) 18.0 software
was used for data analysis. Inferential statistics applied the
Chi-Square test (y2), multinomial logistic regression, and
logistic regression.

3. Results

With regard to Table 1, the 10-year CVD risk assessment
tool from the Framingham Heart Study was employed in this
study to calculate risk. Data from the Framingham Heart
Study was used to predict the probability of CVD developing
in the next 10 years of a person’s life. < 10% was defined as
low risk, 11-20% was defined as moderate risk, and > 20%
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was defined as high risk. The effects of eGFR staging and
albuminuria levels on CVD risk were analyzed. The results
indicated that as abnormally high levels of eGFR and

albuminuria increased, so did the risk of CVD; the correlation
was significant in both cases.

Table 1. Impact of eGFR and albuminuria on 10-year risk of CVD (n = 8850).

<10(n=5318)

11-20(n=2390)

>20(n=1142)

Variable Number of people  Percentage AT GiF Percentage I 01 Percentage *p value
people people

¢GFR staging” <.001

0 4132 68.6 1421 23.6 471 7.8

1 484 68.2 170 23.9 56 7.9

2 441 41.4 398 37.4 226 21.2

3 215 23.5 350 38.3 349 38.2

4 32 33.0 36 37.1 29 29.9

5 14 35.0 15 37.5 11 27.5

¢GFR staging"™ <.001

0 4132 68.6 1421 23.6 471 7.8

1 925 52.1 568 32.0 282 15.9

2 261 24.8 401 38.2 389 37.0

Albuminuria <.001

- 3508 65.3 1335 24.8 533 9.9

-/+ 1351 56.5 706 29.5 335 14.0

1+ 375 44.8 274 32.7 188 22.5

2+ 59 353 50 29.9 58 34.7

3 and higher 25 32.1 25 32.1 28 35.9

Albuminuria <.001

- 3508 65.3 1335 24.8 533 9.9

-/+ 1351 56.5 706 29.5 335 14.0

1+ 375 44.8 274 32.7 188 22.5

2 and higher 84 34.3 75 30.6 86 35.1

#Stage of eGFR: O(non CKD); 1(eGFR > 90 ml/min/1.73m? with proteinuria); 2(¢GFR 60-89 ml/min/1.73m? with proteinuria); 3(¢GFR 30-59 ml/min/1.73m?);

igeGFR 15- 29ml/min/1.73m?); 5(eGFR < 15ml/min/1.73m?)

Stage of eGFR: O(non CKD); 1(eGFR >60 ml/min/1.73m’ with proteinuria ); 2(¢GFR <60 ml/min/1.73m?)
#The Chi-square (two-tailed) test was used to compare the variables, with a significance level of a =.05.

Table 2 shows the effects of albuminuria and eGFR on CVD
risk (£ 10%; 11-20%; > 20%) based on a multinomial logistic
regression analysis. The results indicated that as albuminuria
and eGFR approached critically high values, initially
moderate and high 10-year risk levels for CVD tended to
increase. In the case of patients with a moderate 10-year risk
of CVD, the odds ratios (ORs) in patients with +/-, 1+, and >
2+ albuminuria were 1.18, 1.26, and 1.59, respectively. The

ORs in patients with eGFR > 60 ml/min/1.73m* with
proteinuria and eGFR < 60 ml/min/1.73m? were 1.10 and 2.36,
respectively. In the case of patients with a high 10-year risk of
CVD, the ORs in patients with +/-, 1+, and > 2+ albuminuria
were 1.16, 1.56, and 3.39, respectively. The ORs in patients
with eGFR > 60 ml/min/1.73m* with proteinuria and eGFR <
60 ml/min/1.73m’* were 1.54 and 5.35, respectively.

Table 2. 10-year risk factors of CVD.

. Moderate risk High risk
Variable . p value p value
OR"™ (95% CI) OR (95% CI)
Gender 51.19(41.76-62.73) <.001 219.00(159.24-301.18) <.001
Age 22.12(18.22-26.84) <.001 127.23(95.93-168.75) <.001
Albuminuria +/- 1.18(0.96-1.44) 0.112 1.16(0.87-1.54) 0.310
Albuminuria 1+ 1.26(0.98-1.63) 0.076 1.56(1.12-2.19) 0.010
Albuminuria 2+ and higher  1.59(1.06-2.38) 0.026 3.39(2.08-5.51) <.001
eGFR1 1.10(0.88-1.37) 0.412 1.54(1.13-2.11) 0.006
eGFR2 2.36(1.86-2.98) <.001 5.35(4.01-7.14) <.001

In Table 3, metabolic syndrome and compositional

factors

(central

obesity,

elevated blood pressure,

hyperglycemia, hypertriglyceridemia, and reduced HDL-C)
are listed as dependent variables that are considered to be
risk factors for CVD. Logistic regression analysis was used

to examine the effects of albuminuria and eGFR on these
variables. The results indicated that at more critical levels
of albuminuria and eGFR, there was a higher risk of
metabolic syndrome and abnormalities related to
compositional factors.
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Table 3. Predictive analysis of the effects on CVD risk factors.

Regression model B wald OR(95%CI) *p value
Metabolic syndrome (yes vs. no)

Gender -0.17 13.07 0.85(0.77-0.93) <.001
Age 0.49 107.37 1.63(1.48-1.78) <.001
Albuminuria +/- 0.24 21.90 1.28(1.15-1.41) <.001
Albuminuria 1+ 0.65 69.29 1.91(1.64-2.22) <.001
Albuminuria 2+ and higher 1.34 76.87 3.80(2.82-5.12) <.001
eGFR2 0.52 50.64 1.69(1.46-1.95) <.001
Waist circumference (abnormal vs. normal)

Gender -0.48 115.39 0.62(0.57-0.67) <.001
Age 0.47 103.08 1.59(1.45-1.74) <.001
Albuminuria 1+ 0.20 6.85 1.23(1.05-1.43) 0.009
Albuminuria 2+ and higher 0.64 19.9 1.90(1.43-2.52) <.001
eGFR1 0.19 11.11 1.21(1.08-1.36) 0.001
eGFR2 0.41 29.33 1.51(1.30-1.75) <.001
Hperglycemia (abnormal vs. normal)

Gender 0.18 15.63 1.19(1.09-1.30) <.001
Age 0.52 132.05 1.69(1.55-1.85) <.001
Albuminuria +/- 0.22 19.77 1.25(1.13-1.38) <.001
Albuminuria 1+ 0.71 81.42 2.02(1.74-2.36) <.001
Albuminuria 2+ and higher 1.23 63.14 3.42(2.53-4.64) <.001
eGFR2 0.26 12.78 1.30(1.13-1.51) <.001
reduced HDL-C (abnormal vs. normal)

Age 0.54 141.11 1.72(1.57-1.88) <.001
Albuminuria +/- 0.24 22.87 1.27(1.15-1.40) <.001
Albuminuria 1+ 0.73 87.27 2.07(1.78-2.41) <.001
Albuminuria 2+ and higher 1.24 64.16 3.46(2.55-4.69) <.001
eGFR2 0.29 15.32 1.33(1.16-1.54) <.001
Hpertriglyceridemia (abnormal vs. normal)

Gender 0.28 30.35 1.32(1.19-1.45) <.001
Age -0.23 20.49 0.79(0.72-0.88) <.001
Albuminuria 2+ and higher 0.50 12.94 1.65(1.26-2.17) <.001
eGFR1 0.20 10.35 1.22(1.08-1.37) 0.001
eGFR2 0.37 21.27 1.45(1.24-1.70) <.001
Elevated blood pressure (abnormal vs. normal)

Gender 0.20 17.61 1.22(1.11-1.34) <.001
Age 1.23 607.02 3.41(3.09-3.76) <.001
Albuminuria +/- 0.11 3.90 1.11(1.00-1.23) 0.048
Albuminuria 1+ 0.61 44.19 1.84(1.54-2.21) <.001
Albuminuria 2+ and higher 1.26 33.11 3.54(2.30-5.44) <.001
eGFR2 0.65 44.39 1.91(1.58-2.31) <.001

* Stepwise regression analysis was used. The following variables were included in the regression model: Gender (female), age (<65 years old), albuminuria (-),

and eGFR staging (0) () is indicated as the reference group.

4. Discussion

Early albuminuria detection should be included in general
screening to detect kidney abnormalities early. The levels of
albuminuria are linearly correlated with nephropathy risk. Past
research findings indicated that microalbuminuria is an
indicator of diabetes complications and an independent risk
factor for CVD. The Framingham Heart Study’s 10-year CVD
risk assessment tool was employed in this study to calculate
the risk of CVD in the following 10 years. The results showed
that 10-year CVD risk was significantly higher in patients
with critically high levels of eGFR and albuminuria. Many
studies on patients with Type 1 and 2 diabetes mellitus (DM)
and albuminuria have indicated higher mortality rates due to
CVD [17], findings which correspond to the results in this
study.

One comprehensive meta-analysis

report regarding

research on Type 2 DM patients analyzed multiple CVD risk
factors; the results revealed that after the exclusion of
common risk factors, such as blood pressure and dyslipidemia,
the CVD incidence and death risk in patients with
microalbuminuria was two-fold higher than that in other
patients. Therefore, microalbuminuria is an early indicator of
diabetic renal lesions and a predictor of mortality due to CVD.
The prevalence of microalbuminuria in non-diabetic patients
with elevated blood pressure ranged between 5-40%; in such
patients, a correlation between microalbuminuria and
mortality due to CVD can still be observed [18], which
corresponds to the results in this study.

The analysis results from this study demonstrated that, as
albuminuria and eGFR approached critical values, initially
moderate and high 10-year risk levels for CVD tended to
increase. Related studies have indicated that, in addition to its
link to chronic kidney diseases, albuminuria is also an
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indicator of the risk of CVD and death due to CVD [19]. In this
study, CVD risk factors (metabolic syndrome, central obesity,
elevated blood pressure, hyperglycemia, hypertriglyceridemia,
and reduced HDL-C) were set as dependent variables, and the
impact of albuminuria and eGFR on those CVD risk factors
were analyzed. The results indicated that patients with critical
higher levels of albuminuria and eGFR have higher risks of
abnormality in CVD risk factors. However, few studies have
examined the effects of albuminuria and eGFR on metabolic
syndrome and compositional factors set as CVD risk factors.
The findings of this study were compared only with the results
reported by related studies and were found to have been
consistent with them. A study on young and middle-aged
non-diabetic and without hypertension male workers found a
relation between high low-density lipoprotein cholesterol
(LDL-C) and CKD incidence and reduced eGFR [20]. A study
on Japanese participants indicated the influence of a higher
TG/HDL-C ratio on a decrease in eGFR and the aggravation of
CKD [21]. Another one-year short-term study revealed a
significant correlation between low HDL-C and a decrease in
eGFR. Metabolic syndrome also showed a significant
association with eGFR decline. A study of a non-CKD
population found that hypertension and low HDL-C associated
with metabolic syndrome had a greater effect on eGFR than
obesity [22]. A study involving a healthy Korean population
revealed that metabolic syndrome and insulin resistance are
independent risk factors for incident CKD and a rapid decline of
eGFR [23]. Some studies also found that insulin resistance is
related to CKD incidence and the decline of renal function in
older adults [24]. Low eGFR is significantly and independently
correlated with 6-month functional outcomes and mortality in
patients with the large artery atherosclerotic (LAA) subtype of
acute ischemic stroke [25]. Furthermore, a study of stroke
patients found that low eGFR can increase the risk of ACD and
recurrent stroke, independent of traditional CVD risk factors
[26].

Other studies have found that the effects of eGFR and
albumin-to-creatinine ratio (ACR) on cardiovascular events
were largely similar. CKD is also a common cause of
increased CVD risk [8]. One follow-up study on the high risks
of ACD and CVD in middle-aged and older adults indicated
that the simultaneous presence of eGFR and albuminuria can
increase the risk of ACD, -cardiovascular death, and
neoplasm-related death [27]. Past studies also found that a
moderate to severe decline of GFR is related to high risks of
CVD incidence and death [28-30]. Recent studies have
indicated a U-shaped relationship between estimated GFR
(eGFR) and the risk of all-cause death [8, 31-34]. According
to Tonelli et al., the results for normal and higher eGFR levels
with or without albuminuria are similar to those for reduced
eGFR levels without albuminuria, with both causing high
risks of death [31, 35], findings which correspond to the
results in this study. Other studies have found that the decline
of eGFR is a risk factor for CVD aggravation, including acute
coronary syndrome [36], cardiac failure [37, 38], and acute
myocardial infarction [39]. However, the cause-effect
relationship between renal function support and CVD and

its mechanism has yet to be determined [40, 41].

The study still had some limitations that are worth noting.
First, data was derived only from one hospital; as such, due
to sample deviation, the results may not be generalizable to
all hospitals in Taiwan. However, as a large sample was
used, the results may be used by related studies as a
reference. Second, this study only investigated the
correlations of demographic data, physical examination
data, and biochemical blood test data to metabolic
syndrome and CVD risk factors. Moreover, only
examination data was analyzed and not all potential
influencing factors of CVD were included. Therefore,
inferences must be made carefully.

5. Conclusion

We concluded that albuminuria and eGFR approached
critically high values, there are higher risks for abnormalities
in metabolic syndrome, abnormal waist circumference,
hyperglycemia, reduced high-density lipoprotein cholesterol
(HDL-C), hypertriglyceridemia, and elevated blood pressure.
Albuminuria and eGFR are risk factors for CVD and can
increase a patient’s 10-year risk of CVD.
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