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[Abstract]  Objective  Prior studies have established a connection between albuminuria and various
inflammatory reactions, highlighting that an increase in C-reactive protein by 1 mg/L increases the likelihood of
albuminuria by 2%. Recent investigations indicate a positive correlation between the systemic immune-inflammation
index (SII) and increased urinary protein excretion. In addition, elevated levels of the systemic inflammatory response
index (SIRI) also correlate with a higher prevalence of albuminuria. The aggregate index of systemic inflammation (AISI)
offers a more comprehensive indicator of inflammation, providing an extensive assessment of systemic inflammatory
status compared to SII and SIRL Yet, the specific relationship between AISI and albuminuria remains unclear. This study
aims to explore this association in U.S. adults. Methods =~ We analyzed data from the National Health and Nutrition
Examination Survey (NHANES) for 2007-2018, excluding pregnant women and individuals under 18. Cases with missing
data on AISI, urinary albumin concentration, and other covariates were also excluded. AISI was computed using the
formula: AISI=(platelet countxneutrophil countxmonocyte count)/lymphocyte count. Albuminuria was defined as the
urinary albumin-to-creatinine ratio exceeding 30 mg/g. Continuous variables were presented in the form of the
meanzstandard error, and categorical variables in percentages. We utilized weighted ¢-tests and chi-square tests for
baseline comparisons. We applied weighted multivariable logistic regression and generalized additive models (GAM) to
explore the association between AISI and albuminuria and to assess potential nonlinear relationships. Results  The
study included 32273 participants, with an average age of (46.75+0.24) years old. The cohort comprised 48.73% males and
51.27% females. The prevalence of albuminuria was 9.64%. The average logarithmic value of log,AISI was 7.95+0.01, and
were categorized into tertiles as follows: Quartile 1 (Q1) (4.94 to 7.49), Q2 (7.49 to 8.29), and Q3 (8.29 to 10.85). As
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log,AISI increased, so did the prevalence of hypertension, diabetes, congestive heart failure, and albuminuria, all showing
statistically significant increases (P<0.001). Similarly, the use of antihypertensive, lipid-lowering, and hypoglycemic drugs
was also more prevalent (P<0.001). Statistically significant differences were observed across the three groups concerning
age, race and ethnicity, formal education, alcohol consumption, smoking status, systolic and diastolic blood pressures,
body mass index, estimated glomerular filtration rate, HbAlc, alanine aminotransferase, aspartate aminotransferase,
albumin, creatinine, uric acid, and high-density lipoprotein cholesterol (P<0.05). However, no significant differences were
noted in the total cholesterol or the sex ratios among the groups. The association between log,AISI and albuminuria was
assessed using weighted multivariable logistic regression, and the detailed results are presented in Table 2. In model 1,
without adjusting for covariates, each unit increase in log,AISI was associated with a 32% increase in the risk of
albuminuria (odds ratio [OR]=1.32, 95% confidence interval [CI]: 1.27-1.38, P<0.001). Model 2 was adjusted for age,
gender, race, and education level, and showed a similar trend, with each unit increase in log,AISI associated with a 31%
increased risk (OR=1.31, 95% CI: 1.26-1.37, P<0.001). Model 3, which was further adjusted for all covariates, revealed that
each unit increase in log,AISI was associated with a 20% increase in the risk of albuminuria (OR=1.20, 95% CI: 1.15-1.26,
P<0.001). The study also transformed log,AISI from a continuous to a categorical variable for analysis. Compared with
Q1, the risk of albuminuria in Q3, after adjusting for all covariates, significantly increased (OR=1.37, 95% CI: 1.22-1.55,
P<0.001). Q2 also demonstrated a higher risk compared with Q1 (OR=1.13, 95% CI: 1.06-1.36, P=0.004). The trend test
indicated a dose-effect relationship between increasing log,AISI and the rising risk of albuminuria. GAM revealed a
nonlinear relationship between log,AISI and albuminuria, with distinct trends noted between sexes. Segmented regression
based on turning points showed significant effects among women, although the slope difference between the segments was
not significant. In men, a significant threshold effect was observed; below the log,AISI of 7.25, increases in log,AISI did
not enhance the risk of albuminuria, but above this threshold, the risk significantly increased. As part of a sensitivity
analysis, weighted multivariable logistic regression was performed by changing the outcome variable to macroalbuminuria
and adjusting for all covariates. The analysis showed that for every unit increase in log,AISI, the risk of developing
macroalbuminuria increased by 31% (OR=1.31, 95% CI: 1.15-1.49, P<0.001). Compared with Q1, the risk of albuminuria
in Q3 increased by 69% (OR=1.69, 95% CI: 1.27-2.25, P<0.001), and in Q2, it increased by 40% (OR=1.40, 95% CI: 1.03-
1.92, P=0.030). Subgroup analysis and interaction results showed that the positive association between AISI and
proteinuria risk was stronger in men than in women. Similarly, the association was stronger in people with hypertension
compared with those with normal blood pressure, and higher in overweight people compared with those of normal
weight. Furthermore, smokers and drinkers showed a stronger positive association between AISI and the risk of
proteinuria than non-smokers and non-drinkers do. These results suggest that sex, blood pressure, body mass index,
smoking, and alcohol consumption interact with AISI to influence the risk of proteinuria. Conclusion There is a robust
positive association between AISI and increased risks of albuminuria in US adults. As log,AISI increases, so does the risk
of albuminuria. However, further validation of this conclusion through large-scale prospective studies is warranted.
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Fig 1 Flow chart of participant enrollment
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Table 1 Baseline characteristics according to the AISI tertiles

Variable Total (n=32273) Q1 (n=10758) Q2 (n=10757) Q3 (n=10758) P
Agelyr. 46.75 (0.24) 45.26 (0.31) 46.55 (0.27) 48.24 (0.31) <0.001
Sex/% 0.730

Female 51.27 (0.01) 51.70 (0.64) 50.98 (0.57) 51.18 (0.65)

Male 48.73 (0.01) 48.30 (0.64) 49.02 (0.57) 48.82 (0.65)
Race and ethnicity/% <0.001

Black 10.80 (0.01) 17.17 (1.10) 9.06 (0.62) 6.96 (0.53)

Hispanic 5.98 (0.00) 5.99 (0.51) 6.24 (0.54) 5.73 (0.54)

Mexican 8.84 (0.01) 9.13 (0.76) 8.81 (0.82) 8.61 (0.81)

Other 8.11 (0.00) 10.04 (0.65) 7.77 (0.52) 6.75 (0.44)

White 66.27 (0.03) 57.67 (1.64) 68.12 (1.43) 71.94 (1.37)
Educational attainment/% <0.001

Less than high school 16.37 (0.01) 16.50 (0.72) 15.42 (0.65) 17.18 (0.70)

High school or GED 23.44 (0.01) 21.73 (0.64) 22.69 (0.70) 25.67 (0.77)

Above high school 60.19 (0.02) 61.78 (1.08) 61.88 (1.00) 57.15 (1.09)
Alcohol consumption/% 89.80 (0.02) 89.17 (0.56) 89.42 (0.56) 90.72 (0.44) 0.010
Smoking/% 43,00 (0.01) 37.58 (0.83) 41.65 (0.75) 49.06 (0.78) <0.001
Hypertension/% 36.90 (0.01) 31.00 (0.72) 35.96 (0.80) 42.96 (0.78) <0.001
DM/% 14.19 (0.00) 11.84 (0.44) 12.90 (0.43) 17.50 (0.52) <0.001
CHF/% 2.20 (0.00) 1.61 (0.13) 1.72 (0.15) 3.19 (0.22) <0.001
Albuminuria/% 9.64 (0.00) 7.56 (0.30) 9.14 (0.34) 11.94 (0.41) <0.001
Antihypertensive/% 26.71 (0.01) 21.78 (0.59) 25.17 (0.57) 32.52 (0.67) <0.001
Antihyperlipidemic/% 18.15 (0.01) 14.67 (0.50) 18.19 (0.56) 21.16 (0.64) <0.001
Antidiabetic/% 8.83 (0.00) 6.77 (0.34) 8.04 (0.29) 11.39 (0.41) <0.001
SBP/mmHg 121.78 (0.20) 120.17 (0.26) 121.57 (0.26) 123.41 (0.27) <0.001
DBP/mmHg 70.67 (0.20) 70.29 (0.21) 70.83 (0.23) 70.85 (0.26) 0.010
BMI/(kg/m?) 28.98 (0.08) 27.72(0.11) 28.95 (0.12) 30.10 (0.10) <0.001
HbA1c/% 5.63 (0.01) 5.58 (0.01) 5.60 (0.01) 5.71 (0.01) <0.001
TC/(mmol/L) 497 (0.01) 4.96 (0.02) 4.99 (0.02) 4.95 (0.02) 0.070
HDL-C/(mmol/L) 1.38 (0.01) 1.43 (0.01) 1.37 (0.01) 1.34 (0.01) <0.001
ALT/(mmol/L) 25.13 (0.14) 24.64 (0.22) 25.09 (0.22) 25.58 (0.25) 0.010
AST/(mmol/L) 25.17 (0.11) 25.64 (0.19) 24.82 (0.17) 25.10 (0.18) 0.010
Albumin/(g/L) 42.73 (0.06) 42.99 (0.06) 42.87 (0.07) 42.37 (0.06) <0.001
Creatine/(pmol/L) 77.75 (0.22) 77.09 (0.30) 77.32(0.29) 78.75 (0.39) <0.001
Uric acid/(umol/L) 322.65 (0.78) 314.38 (1.19) 322.08 (1.08) 330.41 (1.29) <0.001
eGFR/(mL/[min-1.73 m’]) 95.23 (0.31) 97.19 (0.39) 95.28 (0.34) 93.47 (0.40) <0.001

The data are expressed as mean (standard error). The log,AISI values were divided into three tertiles: Q1 (4.94-7.49), Q2 (7.49-8.29), and Q3 (8.29-10.85).
GED: General Educational Development; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; eGFR: estimated glomerular
filtration rate; HbAlc: hemoglobin A1C; DM: diabetes mellitus; CHF: congestive heart failure; TC: total cholesterol; HDL-C: high-density lipoprotein

cholesterol; ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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Table 2 Relationship between log,AISI and albuminuria

Model 1 Model 2 Model 3
Variable
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Continuous variable 1.32 (1.27-1.38) <0.001 1.31 (1.26-1.37) <0.001 1.20 (1.15-1.26) <0.001
Categorical variable

Ql Ref. Ref. Ref.

Q2 1.23 (1.10-1.37) <0.001 1.27 (1.14-1.41) <0.001 1.20 (1.06-1.36) 0.004

Q3 1.66 (1.50-1.83) <0.001 1.65 (1.48-1.83) <0.001 1.37 (1.21-1.55) <0.001
P-trend (categorical variable) <0.001 <0.001 <0.001

Model 1 was adjusted for none; model 2 was adjusted for age, gender, race, and education; model 3 was adjusted for hypertension, diabetes, heart failure,

smoking, alcohol consumption, systolic blood pressure, diastolic blood pressure, body mass index, estimated glomerular filtration rate, high-density lipoprotein

cholesterol, creatinine, total cholesterol, uric acid, glycated hemoglobin, alanine aminotransferase, aspartate aminotransferase, albumin, use of antihypertensive

drugs, and use of antidiabetic drugs, and the use of lipid-lowering drugs was further adjusted. OR: odds ratio; CI: confidence interval.
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Fig 2 log,AISI and albuminuria risk relationship curve

A shows the relationship curve between AISI and albuminuria in the total population. B shows the relationship curve between AISI and albuminuria after dividing

the population into male and female groups.
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Table 3 Segmented regression of AISI and albuminuria

Piecewise regression

Female

Male

Total

Inflection point (K)
<K effect 1"

P

>K effect 2”

P

Effect 2-17

P

Likelihood ratio test

8.69
1.13 (1.05-1.22)
<0.001
1.35 (1.15-1.60)
<0.001
1.19 (0.97-1.47)
0.092

0.094

7.25
0.93 (0.77-1.13)
0.464
1.34 (1.25-1.45)
<0.001
1.4 (1.14-1.82)
0.002

0.002

8.46
1.14 (1.08-1.21)
<0.001
1.39 (1.26-1.53)
<0.001
1.22 (1.07-1.39)
0.004

0.004

" The data are expressed as OR (95% CI).
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Table 4 The relationship between log,AISI and massive proteinuria

Model 1 Model 2 Model 3
Variable
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Continuous variable 1.32 (1.27-1.38) <0.0001 1.31 (1.26-1.37) <0.0001 1.20 (1.15-1.26) <0.0001
Categorical variable

Q1 Ref. Ref. Ref.

Q2 1.44 (1.08-1.92) 0.010 1.55 (1.16-2.06) 0.003 1.40 (1.03-1.92) 0.030

Q3 2.40 (1.88-3.06) <0.0001 2.52 (1.97-3.23) <0.0001 1.69 (1.27-2.25) <0.001
P-trend (categorical variable) <0.0001 <0.0001 <0.001

Model 1 was djusts for none; model 2 was adjusted for age, gender, race, and education; model 3 was adjusted for hypertension, diabetes, heart failure,

smoking, alcohol consumption, systolic blood pressure, diastolic blood pressure, body mass index, estimated glomerular filtration rate, high-density lipoprotein

cholesterol, creatinine, total cholesterol, uric acid, glycated hemoglobin, alanine aminotransferase, aspartate aminotransferase, albumin, use of antihypertensive

drugs, and use of antidiabetic drugs, and the use of lipid-lowering drugs was further adjusted. OR: odds ratio; CI: confidence interval.
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Subgroup OR (95% CI)
Agelyr.
<60 1.15 (1.07-1.24)
=60 1.24 (1.16-1.33)
Sex
Female 1.16 (1.09-1.23)
Male 1.24 (1.14-1.35)

Race and ethnicity
Black 1.15 (1.07-1.24)

P P for interaction
0.08
—— <0.001
= <0.000 1
i 0.01
N <0.000 1
. —e—  <0.0001
0.71
, —=— <0.001

Hispanic 1.25 (1.04-1.51) eSO

Mexican 1.26 (1.12-1.43) E —a—  <0.001

Other 1.26 (1.09-1.45) e 01007

White 1.20 (1.12-1.29) —— <0.000 1
Hypertension ; 0.02

No 1.13 (1.05-1.22) | —-— 0.002

Yes 1.27 (1.19-1.36) —=—  <0.0001
Diabetes : 0.13

No 1.19 (1.11-1.27) . —.— <0.000 1

DM 1.27 (1.13-1.42) L —e— 00001
eGFR/(mL/[ min-1.73 m?]) 0.90

<60 1.18 (1.01-1.36) —s— 003

>60 1.21 (1.15-1.27) - <0.000 1
BMI/(kg-m?) 0.03

<25 1.15 (1.05-1.26) — 0.005

>25 1.23 (1.16-1.31) —_— <0.000 1
Smoking : 0.03

No 1.15 (1.07-1.23) —-— <0.000 1

Yes 1.26 (1.17-1.36) \ —=—  <0.0001
Alcohol consumption E <0.001

No 0.99 (0.88-1.12) e 0.90

Yes 1.24 (1.18-1.30) L e <0.000 1

0{5 1I 1|.5
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Fig 3 Subgroup analysis and interaction analysis
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