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Abstract

Background—Serum amyloid A (SAA) induces inflammation and apoptosis in kidney cells and 

associates with pathologic changes of diabetic kidney disease (DKD). Higher serum SAA 

concentrations were previously associated with increased risk of end-stage renal disease (ESRD) 

and death in persons with type 2 diabetes and advanced DKD. We explored the prognostic value of 

SAA in American Indians with type 2 diabetes without DKD or with early DKD.

Methods—SAA concentration was measured in serum samples obtained at the start of follow-up. 

Multivariate proportional hazards models were employed to examine the magnitude of the risk of 

ESRD or death across tertiles of SAA concentration after adjustment for traditional risk factors. 

The C statistic was used to assess the additional predictive value of SAA relative to traditional risk 

factors.

Results—Of 256 participants (mean ± SD glomerular filtration rate [iothalamate]=148±45 ml/

min, and median [IQR] urine albumin/creatinine=39 [14–221] mg/g), 76 developed ESRD and 125 

died during median follow-up of 15.2 and 15.7 years, respectively. After multivariable 

proportional hazards regression, participants in the two highest SAA tertiles combined exhibited a 

53% lower risk of ESRD (Hazard Ratio [HR]=0.47, 95%CI 0.29–0.78), and a 30% lower risk of 

death (HR=0.70, 95%CI 0.48–1.02), compared with participants in the lowest SAA tertile, 

although the lower risk of death was not statistically significant. Addition of SAA to the ESRD 

model increased the C statistic from 0.814 to 0.815 (P=0.005).

Corresponding Author: Dr. Robert G. Nelson, National Institutes of Health, 1550 East Indian School Road, Phoenix, AZ 
85014-4972 USA. Telephone: (602) 200-5205. Facsimile: (602) 200-5225. rnelson@nih.gov. 

Disclosure Statement: K.R.T. has received consulting fees regarding therapies for DKD from Eli Lilly and Company, Boehringer 
Ingelheim, and Gilead. All other authors have no disclosures to report.

HHS Public Access
Author manuscript
Am J Nephrol. Author manuscript; available in PMC 2018 September 22.

Published in final edited form as:
Am J Nephrol. 2017 ; 46(4): 276–284. doi:10.1159/000481269.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—Higher circulating SAA concentration is associated with a reduced risk of ESRD 

in American Indians with type 2 diabetes.
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Introduction

Serum amyloid A (SAA) is a potent pro-inflammatory protein produced in the liver, fat, and 

kidneys. Local production in the kidneys occurs predominantly in podocytes, mesangial 

cells [1], and proximal tubular cells [2, 3]. SAA promotes expression of inflammatory 

cytokines by fibroblasts [4], macrophages [5], and podocytes [6]. Extensive SAA protein 

deposition in glomeruli and the tubulointerstitium, and higher SAA concentrations in blood, 

are found in two different mouse models of diabetic kidney disease (DKD) compared to 

controls [6], as well as in people with type 2 diabetes and advanced DKD, characterized by 

clinical proteinuria or decreased glomerular filtration rate (GFR), versus those without 

kidney disease [7]. On the other hand, SAA enhances tubular cell proliferation in a rodent 

model of acute kidney injury (AKI) [8], suggesting that it is also capable of inducing kidney 

repair under some circumstances.

We examined the association of serum levels of SAA with ESRD and all-cause mortality in 

American Indians with type 2 diabetes who did not have advanced DKD. This group was 

comprised of individuals with a spectrum of kidney function from near-normal GFR to 

glomerular hyperfiltration, or early DKD primarily characterized by elevated albuminuria.

Materials and Methods

Study Subjects and Design

From 1965–2007, Pima Indians from the Gila River Indian Community participated in a 

longitudinal study of diabetes and diabetic complications. Each member of this community 

who was at least 5 years of age was invited to undergo a research examination 

approximately every 2 years. Diabetes was diagnosed by a 2-hour post-load plasma glucose 

concentration ≥200 mg/dl at these biennial examinations, or when the diagnosis was 

documented in the medical record. For the present study, we selected participants from this 

longitudinal population-based study who were ≥18 years old, had type 2 diabetes, 

participated in one of two longitudinal studies of kidney function that included 

measurements of GFR by the urinary clearance of iothalamate [9, 10], and had a GFR >30 

ml/min at study entry. The date of diabetes diagnosis for each participant was ascertained 

from the longitudinal study, and all other variables used in the analyses were measured at the 

first kidney function study at which stored serum was available for measurement of SAA. 

This kidney function study was considered as the baseline. Baseline examinations were 

conducted between May 1990 and May 2005.

Participants were followed until ESRD, death, or December 31, 2015. Vital status and 

development of ESRD were ascertained independently of the research examinations. ESRD 
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was defined by the initiation of chronic kidney replacement therapy or death from DKD. 

Underlying causes of death were determined from death certificates. This study was 

approved by the Institutional Review Boards of the National Institute of Diabetes and 

Digestive and Kidney Diseases and Providence Health Care. Each participant signed an 

informed consent document.

Clinical and Anthropometric Measures

Blood pressure was measured while the participant was resting in the seated position. Mean 

arterial pressure (MAP) was calculated as (2×diastolic blood pressure + systolic blood 

pressure)/3. Total serum cholesterol and serum triglyceride concentrations were measured by 

an enzymatic method. Glycated hemoglobin (HbA1c) was measured by high performance 

liquid chromatography. This method was also used to measure the concentration of non-

radioactive iothalamate for GFR determination. Urine albumin concentration was measured 

by nephelometric immunoassay and urine creatinine concentration by a modified Jaffé 

reaction (Siemens, Erlangen, Germany). Urine albumin concentrations below the detection 

limit of the assay (≤6.8 mg/L) were set to 6.8 mg/L in the analyses. Albuminuria was 

estimated by computing the urine albumin-to-creatinine ratio (ACR). Macroalbuminuria was 

defined as ACR ≥300 mg/g, microalbuminuria as ACR 30 to <300 mg/g, and 

normoalbuminuria as ACR <30 mg/g.

SAA Assay

Samples were collected under standardized conditions and stored at −80°C, undergoing only 

one freeze-thaw cycle prior to assay in the year 2015. Storage time of baseline samples prior 

to performance of biomarker assays was bimodal because specimens were derived from two 

different study cohorts that underwent identical kidney function testing [9, 10]. Of the 256 

participants included in this study, 144 were from the first study cohort, and 112 were from 

the second study cohort. Median storage time for the first cohort was 24.2 years 

(interquartile range [IQR] 23.7–24.6 years) and for the second cohort was 15.0 years (IQR 

14.7–15.3 years). Insoluble materials were removed from the serum by centrifugation for 10 

minutes (1000 × g) prior to performing the assay. SAA was measured by an enzyme-linked 

immunosorbent assay for the predominant human isoform in the blood and kidneys, SAA 

isoform 1 (SAA1). Samples were analyzed in duplicate on a 96-well plate, and the 

colorimetric product was quantified by absorbance at 460 nm on an absorbance plate reader 

(Tecan Group, Männedorf, Switzerland). Concentrations were calculated by comparison 

with a standard curve generated on each plate. The lower limit of detection (LOD) was 

0.0016 mg/L. The coefficient of variation was independently verified for the present 

analyses, with intra-assay coefficients of variation of 4.2% in samples from study 

participants. Reproducibility of the SAA assays was assessed by intra- class correlation of 

measurements from 33 duplicate samples blinded to the performance laboratory. Intra-class 

correlation coefficient for SAA was 0.599 reflecting acceptable agreement.

Statistical Analysis

Participant characteristics were expressed as mean ± SD, median (IQR), or n (%). 

Spearman’s correlations were used to assess the relationship of serum SAA concentrations 

with clinical variables. For regression analyses, ACR was log2-transformed. SAA 
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concentrations by sex, albuminuria categories, and GFR tertiles were compared by the 

Kruskall-Wallis test.

Kaplan-Meier survival curves for the outcomes of ESRD and death were plotted by tertiles 

of SAA concentration (tertile 1<0.937 mg/L; tertile 2, 0.937≤SAA<1.62 mg/L, and tertile 3, 

SAA≥1.62 mg/L). Because the cumulative incidence function for each outcome was 

comparable in the two higher tertiles of SAA concentration (P=0.261 for ESRD, P=0.848 for 

death) these two tertiles were combined and compared with the lowest tertile in subsequent 

analyses. Log-rank statistics were calculated to examine differences in the probability of 

reaching the specified outcomes in these categories. Pointwise confidence intervals were 

computed for the cumulative incidence at 15 years of follow-up, using a log-log 

transformation of the survivor function [11]. Two proportional hazards regression models 

were then considered: (A) univariate; (B) adjusted for age, sex, diabetes duration, BMI, 

HbA1c, MAP, renin-angiotensin-system (RAS) inhibitor use, study cohort, GFR and the 

logarithm of ACR. We used absolute measurements of GFR in these analyses, because the 

study included overweight and obese participants and indexing for body surface area may 

significantly underestimate their actual GFR [12]. Because the effect of SAA on the health 

outcomes was not linear, we reported the categorical results, again comparing the combined 

upper tertiles with the lowest tertile. Proportionality assumptions were met by each covariate 

when examined using Schoenfeld residuals. The extent to which SAA enhanced prediction 

of ESRD was assessed by generalized C statistics after accounting for variable follow-up 

times [13]. Comparisons between nested models that included or excluded SAA were 

assessed by likelihood ratio tests [13, 14]. In addition, the relative integrated discrimination 

improvement (rIDI) index was calculated to assess the improvement in 15-year ESRD risk 

prediction of SAA relative to traditional risk factors [15]. The 15-year risk was selected as it 

approximates the median follow-up time for the cohort. The 95% CIs for the rIDI was 

computed based on 10,000 bootstrap samples.

We conducted a sensitivity analysis by using the competing risk model of Fine and Gray to 

estimate the subdistribution hazard ratios for ESRD, while accounting for the competing risk 

of pre-ESRD deaths [16].

Statistical analyses were performed with SAS version 9.3 (SAS Institute, Cary, NC). P 
values <0.05 were considered statistically significant, and 95% confidence intervals were 

calculated for our regression estimates.

Results

Baseline Characteristics

Clinical and biological characteristics of the 256 participants at baseline are summarized in 

Table 1 according to tertiles of SAA concentrations. Mean age of the participants was 42.5 

± 10.4 years, mean diabetes duration was 11.4 ± 6.7 years, mean HbA1c was 9.5 ± 2.3%, 

mean GFR was 148 ± 45 ml/min, and median urine ACR was 39 mg/g (IQR=14–221 mg/g). 

One-hundred-eighteen participants (46%) had hyperfiltration, defined by a GFR ≥154 ml/

min, a value two standard deviations above the mean GFR in Pima Indians with normal 

glucose tolerance. The proportion of participants with hyperfiltration was lowest in the 
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lowest tertile of SAA concentration. Nevertheless, serum SAA concentrations did not differ 

significantly by tertiles of GFR (Figure 1, P=0.099). One-hundred-ten participants (43%) 

had normoalbuminuria, 94 (37%) had microalbuminuria, and 52 (20 %) had 

macroalbuminuria. Serum SAA concentrations were similar in men and women (1.30 [0.84–

2.00] mg/L vs. 1.13 [0.72–1.73] mg/L, P = 0.078), and did not differ significantly by 

albuminuria category (Figure 2, P=0.073). Six of the participants had GFR <60 ml/min 

(range=26–59 ml/min), and all but one of these had macroalbuminuria. Five participants had 

extremely high SAA concentrations compared with the rest of the cohort, and one had a 

concentration that was 1/10 of the next lowest concentration in the cohort.

SAA concentration correlated negatively with age (r=−0.15, P=0.014), diabetes duration (r−.

19, P=0.002), and GFR (r=−0.13, P=0.044) and positively with BMI (r=0.24, P<0.001); it 

was not correlated with ACR (r=0.07, P=0.292), MAP (r=−0.05, P=0.473), HbA1c (r=0.02, 

P=0.806), total cholesterol (r=−0.03, P=0.604), or serum triglyceride concentrations (r=
−0.003, P=0.973). In the subset of patients with available cholesterol fractions, SAA 

concentration was not correlated with either HDL cholesterol (n=123, r=−0.09, P=0.288) or 

LDL cholesterol (n=114, r=−0.04, P=0.647).

SAA and Risk of ESRD or Death

Participants were followed for a median of 15.2 years (IQR=9.5–17.0 years) for ESRD and 

15.7 years (13.6–21.8 years) for death. During follow-up, 76 participants developed ESRD 

and 125 died (15 from malignancy, 31 from cardiovascular disease (CVD), 18 from 

alcoholic liver disease, 16 from diabetic nephropathy, 13 from infection, 23 from other 

natural causes, and 9 from external causes). Fifty-two participants died after developing 

ESRD. Both ESRD (log rank test P=0.050) and death (log rank test P=0.006) occurred more 

frequently in the lowest tertile of SAA concentration (SAA<0.937 mg/L) compared to the 

higher SAA concentration tertiles (SAA≥0.937 mg/L). The unadjusted cumulative incidence 

of ESRD at 15 years of follow-up was 35.8% (95% CI 26.1–47.8) and 23.2% (17.4–30.6), 

and the 15-year cumulative mortality was 40.5% (95% CI 30.5–51.8) and 23.6% (95% CI 

17.9–30.8) in the lowest and the two highest tertiles of SAA combined (Figure 3). The 

incidence of ESRD and death according to SAA tertiles are presented in the Supplementary 

Table.

In the unadjusted proportional hazards regression model, the hazard ratio (HR) for ESRD 

was 0.63 (95% CI 0.40–1.004) in the highest two SAA tertiles compared with the lowest 

SAA tertile (Table 2). After adjustment for traditional risk factors, the relationship between 

SAA concentration and ESRD strengthened and remained statistically significant (HR=0.47, 

95% CI 0.29–0.78), with the top two tertiles of SAA concentration combined having a 53% 

lower risk of ESRD than the lowest tertile. In this model, higher baseline GFR predicted a 

lower risk of ESRD (HR per 10 ml/min GFR increment=0.90, 95% CI 0.84–0.96). The 

exclusion of the 6 patients with extreme SAA values did not modify this finding (HR=0.44, 

95% CI 0.26–0.73).

In the unadjusted proportional hazards regression model, the HR for death was 0.60 (95% CI 

0.42–0.87) in the highest two SAA tertiles compared with the lowest SAA tertile (Table 2). 

After adjusting for traditional risk factors, the HR was 0.70 (95% CI 0.48–1.02) in the two 
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highest SAA tertiles compared with the lowest SAA tertile, reflecting a 30% reduction in the 

risk of death, although the results for death were not statistically significant. In this model, a 

higher baseline GFR predicted a lower risk of death (HR=0.95, 95% CI 0.90–1.00). The 

exclusion of the 6 patients with extreme SAA values did not substantially modify the 

magnitude of the relationship (HR=0.66, 95% CI 0.44–0.97).

The inclusion of SAA in the fully adjusted proportional hazards regression model increased 

the C statistic for predicting ESRD from 0.814 to 0.815 (P=0.005) and for predicting death 

from 0.701 to 0.712 (P=0.064) compared with the model that did not include SAA. The 

inclusion of SAA, however, did not significantly improve the rIDI for predicting ESRD 

(3.4% [95% CI: −0.7–10.8]; P=0.198) or death (1.3% [95% CI: −0.9–14.8]; P=0.660) after 

15 years of follow-up.

Sensitivity Analyses

When examining the competing risk of mortality in a Fine and Gray analysis, SAA remained 

independently associated with the risk of ESRD (subhazard HR=0.51, 95% CI 0.31–0.85). 

Conclusions of the study were unchanged when the six participants with GFR<60 ml/min at 

baseline were excluded from the analysis (Table 2).

Discussion

A higher serum concentration of SAA in American Indians with type 2 diabetes predicted a 

reduced risk of ESRD, but not mortality, over approximately 15 years of follow-up. We 

found a modest inverse univariate correlation between SAA concentration and GFR in this 

study, suggesting that greater clearance of SAA from the circulation was occurring in those 

with higher GFR. On the other hand, higher GFR was associated with a lower risk of ESRD 

or death even after adjustment for SAA in the multivariable model. The extent to which 

hyperfiltration in persons with diabetes predicts adverse health outcomes is uncertain [17], 

but our findings suggest that the relationship between SAA and adverse health outcomes 

may be influenced by the level of GFR in individuals with type 2 diabetes and early or no 

DKD. The exact nature of this influence, however, is unknown. Nevertheless, after 

accounting for traditional DKD risk factors, including GFR and urine ACR, the magnitude 

of improvement in risk assessment by the addition of SAA to the multivariable model was 

small and did not improve discrimination for ESRD or death in a clinically meaningful 

manner in these individuals without DKD or with early DKD. These findings suggest that in 

the absence of DKD or in early DKD, higher SAA concentrations may have renoprotective 

effects that warrant further study.

The present findings differ from those from the Goldenstate study [7], a study of coronary 

artery calcification in participants with type 2 diabetes and advanced DKD, in whom higher 

serum concentrations of SAA were associated with a higher risk of the combined endpoint 

of ESRD or death and with all-cause death alone but not with ESRD alone. Although both 

studies specifically measured SAA isoform 1 concentration, some key differences between 

these two studies may account for the disparate findings. Participants in the Goldenstate 

study were generally older, predominantly Mexican-American or Black, had higher blood 

pressure and more frequent use of RAS inhibitors. Compared with the American Indian 
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cohort, they also had more advanced DKD with much lower estimated GFR (mean eGFR

±SD in Goldenstate = 56±22 ml/min/1.73m2 versus mean eGFR±SD in American Indian 

study = 128±37 ml/min/1.73m2), markedly higher urine ACR (median = 1861 mg/g in 

Goldenstate study versus 39 mg/g in American Indian cohort), and higher rates of ESRD and 

all-cause mortality. Moreover, the 67th percentile of SAA concentration in the Goldenstate 

study (1.0 mg/L) was similar to the 33rd percentile (0.937 mg/L) in the American Indian 

cohort, indicating a very different distribution of SAA in the two studies. Lower 

concentrations of SAA isoform 1 were previously reported in healthy volunteers than in 

those with type 2 diabetes or with type 2 diabetes and DKD, defined by the presence of 

proteinuria [6]. Another study in which all isoforms were measured also demonstrated lower 

concentrations in healthy nondiabetic participants than in those with type 2 diabetes or with 

type 2 diabetes and DKD, defined either by albuminuria or by the presence of structural 

lesions [18]. Together, these studies suggest an association between higher SAA 

concentrations and progressive DKD [6, 18]. Given these findings, the observation in the 

present study that a higher concentration of SAA isoform 1 predicts a lower risk of ESRD in 

persons who had no or early DKD at baseline requires further investigation.

SAA was previously identified as a marker for CVD-specific mortality, in part because it 

transforms HDL cholesterol from a vasoprotective to a pro-atherosclerotic lipoprotein [19, 

20]. In the Ludwigshafen Risk and Cardiovascular Health (LURIC) study, which included 

3310 patients (3.5% with diabetes), higher SAA concentrations were strongly associated 

with all-cause and cardiovascular mortality, and higher concentrations were typically 

observed in older individuals, those with diabetes, and those with lower GFR [19]. We also 

found an inverse correlation between SAA and GFR, but only a weak inverse correlation 

with age in our younger American Indian cohort, which had only six participants with GFR 

<60 ml/min at baseline. Although cause of death was not available in the Goldenstate cohort, 

we would expect a higher level of CVD mortality in this cohort than in the American 

Indians, because of their older age and advanced DKD, and the lower frequency of CVD 

generally in this Southwestern American Indian population [21]. These factors may help 

explain our finding of no association between SAA concentration and mortality, despite the 

positive association in the Goldenstate study and in the previous studies of CVD [19, 20]. 

The findings from the present study, however, do accord with an animal study, in which 

intravenous cytotherapy with SAA-expressing cells improved kidney function and enhanced 

tubular cell proliferation in a rodent AKI model [8]. These data suggest that acute 

inflammation, marked by elevation of SAA, may have a protective role in settings such as 

AKI without background kidney disease. Thus, it may be that in diabetes without DKD or in 

early DKD, production of SAA could protect against kidney-disease-accelerating 

experiences such as episodes of AKI. Conversely, once DKD is sufficiently advanced, SAA 

may contribute to pro-inflammatory mechanisms of DKD progression. Elucidation of 

conditions under which such putative disease transitions may occur are important to advance 

understanding of relationships between underlying inflammation and DKD.

SAA can be considered an adipokine, since it is produced in fat [22] even though it is also 

produced by liver and kidneys. It abrogates the anti-inflammatory properties of HDL-

cholesterol [23, 24], and promotes CVD complications of obesity [25], and insulin-

resistance [26]. We found that serum SAA concentration correlated positively with BMI, as 
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already shown by others [26], but not with total serum cholesterol or triglycerides. Acute 

inflammatory stress can lead to as much as a 1,000-fold increase of blood levels of SAA, 

largely produced by the liver, within 5–6 hours [27, 28]. SAA is immunologically active, 

promoting expression of cytokines such as interleukin-1 beta, interleukin-6, interleukin-8, 

and tumor necrosis factor (TNF) alpha by fibroblasts [4] and macrophages [5]. SAA 

knockout mice fed a high-fat, high-sucrose diet displayed decreased expression of TNF and 

monocyte chemoattractant protein-1 and attenuated macrophage accumulation in visceral fat 

[29]. SAA is a ligand for many receptors involved in immune functions, including toll-like 

receptors and the receptor for advanced glycation end products [30, 31], and it can trigger 

pro-inflammatory cascades through activation of transcription factors such as nuclear factor 

kappa B, activator protein 1, and interferon regulatory factor 3 [6, 32]. Advanced glycation 

end products induce up-regulation of SAA in podocytes [6] and SAA itself can bind the 

receptor for advanced glycation end products [33]. Notably, SAA can also amplify its own 

expression in an autocrine manner, along with a host of the aforementioned pro-

inflammatory factors [6, 34]. Conversely, in rodents without background kidney disease, 

SAA induces proximal tubule formation [35]. Therefore, under physiological conditions, the 

acute effects of SAA may predominate as a paracrine function to enhance cellular 

proliferation and repair in situations like AKI. With persistent inflammation and chronic 

disease, such as advanced DKD, local repair mechanisms may become insufficient with 

SAA instead promoting inflammatory injury, ultimately leading to progressive kidney 

damage.

In humans, SAA exists predominantly in two isoforms, SAA1 and SAA2 [36, 37]. Their 

distribution and function vary by disease state and tissue. Research is needed to determine 

the isoform(s) expressed in diabetes, in the kidney, as well as other tissues, and changes over 

the course of DKD. For example, the pro-inflammatory janus-kinase 2 (JAK-2) signaling 

pathway is a major activator of SAA gene expression [34]. Based on human kidney biopsy 

studies, the location and degree of JAK-2 activity changes predominantly from the 

glomerular compartment in Pima Indians of the present cohort with type 2 diabetes and no 

DKD or only early DKD to the tubulointerstitial compartment in white Europeans with type 

2 diabetes and advanced DKD [38], consistent with a pattern of shift in inflammatory 

responses in DKD. Notably, in a clinical trial among people with DKD marked by 

macroalbuminuria and low estimated GFR, baricitinib, a novel JAK-2 inhibitor, reduced 

albuminuria, SAA, soluble TNF receptors 1 and 2, and other inflammatory biomarkers in 

concert, suggesting a potential therapeutic response [39]. Thus, biological effects of SAA 

and isoform expression appear to vary over the course of DKD.

The strengths of this study include the detailed characterization of the study cohort, the 

median follow-up of 15.2 years for ESRD and 15.7 years for death, and the considerable 

number of cases of ESRD and death. Samples were collected under standardized conditions 

and stored at −80°C, undergoing only one prior freeze-thaw cycle. A previous study reports 

no meaningful impact on data quality of the SAA assay after 5 freeze-thaw cycles [40]. The 

conclusions of the study were robust when examined by several analytical strategies. 

Limitations of the study include measurement of a single biomarker. C-reactive protein was 

previously measured in less than a third of the participants and was therefore not reported. In 

addition, cholesterol fractions, including HDL cholesterol and LDL cholesterol, were only 
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available for half the participants. We did not assess biomarker stability over time, since 

SAA was only measured once in baseline samples, and we have no information on the 

impact of long-term storage on assay results. To better assess the potential role of SAA as a 

biomarker for DKD, we are currently undertaking a series of longitudinal measures of SAA 

both to examine variation over time and to search for changes in relationships with changes 

in kidney function. We do not have an explanation for the 6 outliers whose removal further 

strengthened the results. Survivor bias may have also influenced relationships of serum SAA 

concentrations with ESRD and death. The potentially large and rapid effect of acute 

inflammation on serum concentrations of SAA may affect its reliability as a biomarker of 

progressive DKD. However, levels of SAA in the blood due to acute inflammation are 

typically much higher than those observed in the present study.

In conclusion, higher serum SAA concentration was associated with lower risk of ESRD in 

American Indians with type 2 diabetes without DKD or with early DKD. By contrast, 

evidence from other studies suggests that SAA is not protective in those with more advanced 

DKD. Instead, higher SAA concentration is associated with all-cause mortality and ESRD, 

and serum levels of SAA respond to anti-inflammatory therapy in humans with DKD [38, 

39]. If these observations are confirmed, identifying mechanisms that suppress early 

beneficial effects or promote harmful effects of SAA may enhance prediction of progressive 

DKD and provide new therapeutic targets.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Distributions of SAA concentration by tertiles of GFR at baseline. GFR range by tertile is 

26–129 ml/min for tertile 1, 129–167 ml/min for tertile 2, and 168–265 ml/min for tertile 3. 

Medians are represented by horizontal lines.
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Fig. 2. 
Distributions of SAA concentration by level of albuminuria at baseline. Medians are 

represented by horizontal lines.
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Fig. 3. 
Cumulative incidence of end stage renal disease (upper panel) and all-cause death (lower 

panel). Kaplan-Meier survival curves are displayed according to SAA concentration at 

baseline. Solid line indicates lowest SAA concentration tertile (SAA<0.937 mg/L), and 

dotted line indicates the two highest SAA concentration tertiles combined (second tertile 

SAA≥ 0.937<1.62 mg/L and third tertile SAA ≥ 1.62 mg/L). (P-value from log-rank test, 

ESRD=0.050; all-cause death=0.006). The unadjusted proportional hazards regression 

model was not statistically significant for ESRD (HR=0.63, 95% CI 0.40–1.004), and was 
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for death (HR=0.60, 95% CI 0.42–0.87). After adjustment for traditional risk factors, the 

proportional hazards regression model was statistically significant for ESRD (HR=0.47, 

95% CI 0.29-0.78), and was not for death (HR=0.70, 95% CI 0.48-1.02).
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Table 1

Baseline clinical and biological characteristics of the study cohort according to tertiles of SAA concentration

Variable All
(n=256)

Tertile 1
(n=85)

Tertile 2
(n=86)

Tertile 3
(n=85)

SAA (mg/L)a 1.22 (0.01–109.83) 0.63 (0.01–0.937) 1.22 (0.937–1.62) 2.59 (1.62–109.83)

Age (years) 42.5 ± 10.4 44.3 ± 9.7 42.8 ± 10.7 40.4 ± 10.6

Women;men (men %) 173;83 (32) 49;36 (42) 60;26 (30) 64;21 (24)

Body mass index (kg/m2) 35 ± 8 33 ± 7 35 ± 8 37 ± 9

Diabetes duration (years) 11.4 ± 6.7 12.8 ± 6.6 11.9 ± 7 9.6 ± 6.1

Systolic blood pressure (mmHg) 121 ± 15 122 ± 15 121 ± 15 120 ± 14

Diastolic blood pressure (mmHg) 76 ± 9 76 ± 10 75 ± 9 75 ± 9

RAS inhibitor use 57 (22) 22 (26) 17 (20) 18 (21)

Lipid lowering drug use 4 (1.6) 1(0.4) 1(0.4) 2(0.8)

HbAlc (%) 9.5 ± 2.3 9.3 ± 2.5 9.7 ± 2.2 9.4 ± 2.2

Glomerular filtration rate (ml/min) 148 ± 45 154 ± 50 149 ± 45 142 ± 40

Hyperfiltration (>154 ml/min)b 118 (46) 43 (51) 42 (49) 33 (39)

Glomerular filtration rate (ml/min/1.73m2) 128 ± 37 132 ± 41 130 ± 38 122 ± 32

Urine albumin/creatinine (mg/g)c 39 (14–221) 33 (16–222) 39 (14–191) 50 (12–219)

Total cholesterol (mg/dL)c 164 (142–193) 160 (141–188.5) 172 (148–200) 159 (138–187)

HDL-Cholesterol (mg/dL)d 40 (35–45) 45 (37–46) 39 (32–46) 39 (36–43)

LDL-Cholesterol (mg/dL)e 95 (79–119) 90 (75–117) 102 (86–124) 95 (79–115)

Triglycerides (mg/dL)c 132 (101–214) 128 (94–217) 139 (103–214) 125 (101–189)

Data are means±SD, medians (25th –75th percentiles) or n (%).

a
Data are medians (range).

b
Hyperfiltration is defined by a measured GFR ≥154 ml/min, a value 2 standard deviations above the mean GFR in Pima Indians with normal 

glucose tolerance.

c
4 missing values.

d
123 missing values.

e
142 missing values.
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