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Abstract

Background: A foodborne mycotoxin, aflatoxin Bl, is known to be hepatotoxic and
hepatocarcinogenic. Experimental studies suggest renal toxicity due to oxidative stress and
apoptosis, but human epidemiologic evidence is limited in humans.

Objective: In the context of NHANES 1999-2000, this study evaluated whether measurable
serum aflatoxin Bl-lysine adducts were related to markers of renal function among adults.

Methods: This 1999-2000 exploratory analysis of NHANES data investigates the relationship
between aflatoxin Bl and kidney function, and other health and demographic factors. Study
subjects consisted of adults aged 20 years or older with data on any variable pertaining to
aflatoxin exposure. Detectable aflatoxin was defined in the laboratory comment code. The
serum creatinine was standardized using the calibration equation for NHANES 1999-2000,
estimated glomerular filtration rate was calculated using the CKD-EPI 2021 creatinine equation,
and urine albumin-creatinine ratio was calculated from urine albumin—creatinine. The
outcomes included creatinine, eGFR, blood urea nitrogen, natural-log UACR, albuminuria, lower
eGFR, and any one-visit kidney abnormality. To estimate descriptive statistics from weighted
data, we used non-parametric comparisons, weighted linear models with robust standard
errors, exact tests for binary outcomes, and bootstrap median-difference intervals.

Results: In an analysis of 1,268 adults, only sixteen were found to have measurable serum
aflatoxin Bl-lysine, which pertains to a weighted detectable prevalence of 110%. The presence
of detectable aflatoxin wasn't related to any of these tests after adjusting for age, sex, race,
and poverty income ratio. Estimates of the fully adjusted beta were -0.022 mg/dlL for creatinine,
-0.219 mL/min/1.73 m2 (eGFR), 0.293 mg/dlL for BUN, and -0.486 log-UACR, all with p values >0.05.
Aflatoxin detectability did not significantly differ by binary kidney outcomes.

Conclusion: In this adult U.S. sample, detectable serum aflatoxin Bl-lysine was rare and not
associated with markers of kidney dysfunction. The small size of the exposed group means that
the findings are inconclusive rather than definitive evidence of no renal effect.
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Introduction

Food such as maize, peanuts, other nuts, spices, and
other stored foods can harbor the threatening aflatoxins
under warm and moisture-prone situations [1]. Though the
aflatoxins primarily cause liver cancer and mutations, AFB1 is
the most carcinogenic [2]. The importance of public health is
illustrated by the occurrence of hepatotoxicity, a kind of liver
damage, and hepatocellular carcinoma mostly in the regions
where there is high exposure to dietary aflatoxin and chronic
infection of hepatitis B virus [3-7].

https://doi.org/10.29328/journal.jcn.1001179

Kidneys may biologically have increased vulnerability
to aflatoxin-caused injury because renal tissue is in contact
with circulating metabolites and actively excretes the toxin
[8]. The studies have reported aflatoxin B1-induced oxidative
stress, apoptosis, mitochondrial dysfunction, inflammatory
signaling, DNA damage, and changes in renal function markers
[9-12]. While these mechanisms are feasible for renal injury
on their own, they do not adequately support aflatoxin as an
independent cause of chronic kidney disease in humans

A key interpretative challenge is that ochratoxin A, not
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aflatoxin, is the mycotoxin with the most historical link to
kidney disease [13]. Ochratoxin A has fervently been reviewed
as a nephrotoxic and carcinogenic mycotoxin and assessed
regarding Balkan endemic nephropathy & urinary tract
tumours [14-18]. As such, any aflatoxin-kidney hypothesis
must be tested with caution, without assuming that the
evidence from ochratoxin can be directly transposed onto
aflatoxin [13].

The NHANES 1999-2000 study has a very rare public
dataset with a direct serum biomarker of aflatoxin
exposure, aflatoxin B1-lysine, along with kidney-related lab
measures [19]. According to previous work for the NHANES,
detectable aflatoxin B1-lysine is not commonly found in the
US population, with about 1 per cent of participants having
detectable concentrations [19]. The frequency of exposure is
too low to provide adequate statistical power, yet the dataset
is still informative for human exploratory analyses [19]. The
present study evaluated whether detectable serum aflatoxin
B1-lysine was linked with serum creatinine, eGFR, BUN, UACR,
albuminuria, reduced eGFR, and composite single-visit kidney
abnormality among adults in NHANES 1999-2000.

Methods

Study design and data source

The 1999-2000 public NHANES data were used to perform
secondary analysis. NHANES is conducted by the National
Center for Health Statistics and is a series of household
interviews, physical examinations, and laboratory tests
performed on a sample of the noninstitutionalized U.S.
population that is nationally representative [20]. The present
analysis combined four files using the unique respondent ID
SEQN: demographic variables and sample weights (DEMO),
serum aflatoxin Bl-lysine (SSAFB_A), urine albumin and
creatinine (LAB16), and standard biochemistry profile and
hormones (LAB18) [21-24]. Given that the adult CKD-EPI
equation was used, the main analytic sample was limited to
participants aged 20 years or older.

Exposure measurement

Theserumaflatoxin B1-lysineadductconcentrationbecame
the focus of exposure. NHANES measured this biomarker in
one-third of the excess serum subsample of participants 12
years or older. The laboratory comment variable was used to
separate the main exposure into two categories: detectable
and below the lower limit of detection. A focus on detectability
was made instead of raw concentration since most values
were below the detection threshold and because the number
of detectable adult values was very low. This method follows
what the original NHANES biomarker report said, which
highlights detectable prevalence in the U.S [19].

Kidney outcomes

To standardize serum creatinine, we employed the
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recommended NHANES 1999-2000 calibration equation
that was described by Selvin, et al. [25]. The study calculated
eGFR using the CKD-EPI equation without considering race
[26]. UACR was calculated as urine albumin divided by urine
creatinine and multiplied by 100, giving mg/g. An increase in
UACR was defined as UACR>30mg/g over the baseline level.
eGFR of less than 60 was taken as impaired. A composite
single-visit kidney abnormality was defined as albuminuria
or reduced eGFR. The outcomes should not be interpreted
as a diagnosis of chronic kidney disease because the KDIGO
defines CKD as “abnormalities of kidney structure or function
for 3 months or longer with implications for health” [27].

Covariates

The altered models encompassed age, gender, racial
backgrounds, and economic deficiency income proportion.
The merged NHANES 1-3-4-5-6-7-8 file offered a rich source
of information. The CKD-EPI 2021 race-free equation for eGFR
estimation was employed in the models, and race/ethnicity
was included as a demographic covariate.

The incorporated models for primary adjustment were
age, sex, race/ethnicity, and poverty-income ratio because all
metrics were consistently described in the merged NHANES
and were significant confounders. The primary models
excluded diabetes, hypertension, use of medications, diet,
liver disease, and co-exposure to other nephrotoxic agents,
which are renal confounders, as there were very few adults
with measurement of serum aflatoxin B1-lysine detectable
per person. If further adjustment was made, estimates would
become unstable, and models would overfit. As a result, the
adjusted analyses were considered exploratory rather than
definitive etiologic models.

Statistical analysis

NHANES utilizes a sophisticated, multi-staged probability
sampling design. As such, we included serum aflatoxin
subsample weight in the current analysis because we
measured serum aflatoxin Bl-lysine in a one-third excess
serum subsample. The weighted estimates and variance
estimation were interpreted taking into consideration the
NHANES survey design variables for strata and primary
sampling units. The main analytic domain included adults
aged 20 years and older because the CKD-EPI adult eGFR
equation was used. Due to the very small number of adults
with detectable aflatoxin exposure, the survey-weighted
results were interpreted with caution, and binary outcome
analyses were considered descriptive rather than conclusive
inferential models.

Survey-weighted analyses were used to account for the
NHANES sampling scheme. The aflatoxin-specific subsample
weightwas used because serum aflatoxin B1-lysinelevels were
only measured in the surplus serum subsample (not in the
full NHANES adult sample). Weighted descriptive estimates
were made to be representative of the eligible adults residing

www.clinnephrologyjournal.com n



Serum Aflatoxin Bl-Lysine Adducts and Kidney Function Markers in NHANES 1999-2000: An Exploratory Cross-Sectional Analysis m
,

in the aflatoxin subsample. To examine continuous kidney
outcomes, weighted linear regression models with robust
variance estimation were fitted, after which models were
sequentially adjusted for age and sex, then race/ethnicity, and
lastly for poverty-income ratio. Due to the very small number
of adults who had detectable aflatoxin, the complete survey-
adjusted logistic models for binary kidney outcomes were
deemed unstable. Because of these, they were summarized
using cases/total, weighted risks, Fisher exact tests, and
continuity-corrected crude odds ratios. It was concluded that
these results were considered exploratory.

Participants were summarized according to aflatoxin
detectability. The specific subsample weight for aflatoxins
in the SSAFB_A file was used to create weighted descriptive
estimates. We used weighted means and medians to
summarize markers of continuous kidney function and
performed exploratory One-way ANOVA and Mann-Whitney
tests as robustness checks. We obtained estimates of the
association between detectable aflatoxin and standardized
creatinine, eGFR, BUN, and natural-log UACR using weighted
linear regression models. The models were adjusted for
age and sex, age, sex and race/ethnicity, and age, sex,
race/ethnicity, and poverty-income ratio successively.
Robust standard errors. Due to the limited number of adult
exposures, adjusted logistic regression for binary outcomes
was deemed unstable and, therefore, exact tests were used
to evaluate binary outcomes. Haldane-Anscombe continuity-
corrected crude odds ratios were computed. An alternative
would be: Bootstrap resampling estimated the precision of
median differences using 5,000 replicates. All analyses were
considered exploratory, and p values should be interpreted
cautiously with regard to the small exposed group.

Results
Aflatoxin detectability and sample profile

Table 1 indicates that detectable serum aflatoxin B1-
lysine was uncommon among adults in NHANES 1999-2000
at 1.10% (the weighted aflatoxin subsample). In contrast
to adults that fell below the detection limit, adults with
detectable aflatoxin appeared younger, were more commonly
male, and less frequently non-Hispanic White, with relatively
higher weighted representation of Mexican American and

Table 1: Weighted demographic profile by serum aflatoxin B1-lysine detectability.

Characteristic All adults Non-detected Detected
Unweighted N 1258 1242 16%
Weighted percent of aflatoxin sample 100.00 98.90 1.10%
Age, weighted mean years 45.04 45.08 41.47%
Female, weighted % 52.08 52.30 31.58%
Poverty-income ratio, weighted mean 2.93 2.93 2.65%
Non-Hispanic White, weighted % 71.78 72.08 45.04%
Non-Hispanic Black, weighted % 8.52 8.45 15.01
Mexican American, weighted % 6.23 6.10 17.77%
Note: Weighted estimates used the serum aflatoxin subsample weight. Race/ethnicity
categories shown are selected categories for compact presentation; therefore,
percentages do not sum to 100%.

non-Hispanic Black adults. Given that there were only 16
adults in the detectable group, these differences need to be
interpreted with caution. The demographicimbalance justifies
the adjustment for age, sex, race/ethnicity, and income in the
analyses.

Kidney marker distributions

Table 2 shows weighted kidney-function markers by
serum aflatoxin B1-lysine detectability. In adults, markers
related to the kidneys were statistically indistinguishable
between groups with non-detectable and detectable aflatoxin.
Serum creatinine was similar in both groups, whereas eGFR
was somewhat better among those detectable. The detectable
group had a slightly elevated BUN, but it was not significant.
The UACR was highly skewed in the non-detected group, as
the average was much higher than the median, indicating the
influence of extreme values. Overall, there was no consistent
evidence of worse renal function among adults with detectable
serum aflatoxin B1-lysine. However, the interpretation is
limited due to the extremely low participant count.

Adjusted linear models

The presence of aflatoxin B1, detected in the serum, was
not significantly related to standardized serum creatinine,
eGFR, BUN, and natural log UACR in adjusted weighted linear
regression models. All adjusted beta coefficients were small,
and all 95% confidence intervals crossed the null value.
While the direction of association varied across outcomes,
there was no consistent pattern of worse kidney function
among participants with detectable aflatoxin. Because only
14 detectable participants were included in complete-case
adjusted models, estimate precision and power are limited;
findings should be interpreted cautiously (Table 3, Figure 1).

Table 2: Kidney-function markers by serum aflatoxin B1-lysine detectability.

Weighted Weighted Detected Weighted Weighted
mean median n mean median

Non-
detected n

Variable

Sig:ﬁ;?::;?:ﬁ 1236 0.89 0.86 16 0.92 0.86
eGFR CKD-EPI 2021,

L /min/1.73 m2 1236 9663 = 9872 16 9956 | 101.10
BUN, mg/dL 1236 1406 | 13.00 16 1475 | 15.00
UACR, mg/g 1222 36.02 571 16 6.51 6.10

Natural log UACR 1222 2.05 1.74 16 1.60 1.81

Note. BUN = Blood Urea Nitrogen; EGFR = Estimated Glomerular Filtration Rate; UACR = Urine
Albumin-Creatinine Ratio. Weighted means for UACR are sensitive to extreme values. Medians
and log-UACR are more stable.

Table 3: Fully adjusted weighted linear models for detectable aflatoxin and continuous
kidney markers.

Outcome N | Detected n Adjusted beta 95% CI p value
cr::f;?sjz;? g 1120 14 -0.022 20119 t0 0.075 | 0.660
eGFR, mL/min/1.73 m2| 1120 14 -0.219 -9.751t09.313 | 0.964
BUN, mg/dL 1120 14 0.293 -3.246t03.832 | 0.871
Natural log UACR 1110 14 -0.486 -1.271t0 0.300 | 0.226

Note: Models adjusted for age, sex, race/ethnicity, and poverty-income ratio. CI =
Confidence Interval. Natural-log UACR was used because UACR was right-skewed.
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www.clinnephrologyjournal.com m



Serum Aflatoxin Bl-Lysine Adducts and Kidney Function Markers in NHANES 1999-2000: An Exploratory Cross-Sectional Analysis m
D

Adjusted differences in kidney markers
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Adjusted beta for detectable aflatoxin

Figure 1: Adjusted beta estimates for detectable aflatoxin and continuous
kidney markers.

Note: Points show fully adjusted beta estimates and horizontal bars show
95% confidence intervals. Outcomes are displayed in native units, so beta
magnitudes are not directly comparable across outcomes.

Weighted kidney outcome prevalence by aflatoxin detectability

B MNon-detected
12 { = Detected

Weighted prevalence (%)
o @ 5

F

~
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Figure 2: Weighted prevalence of binary kidney outcomes by aflatoxin
detectability.

Note: Weighted prevalence estimates in the detected group are based on
very few participants and should not be interpreted as precise population
estimates.

Binary kidney outcomes

The presence of aflatoxin B1, detected in the serum, was
not significantly related to standardized serum creatinine,
eGFR, BUN, and natural log UACR in adjusted weighted linear
regression models. All adjusted beta coefficients were small,
and all 95% confidence intervals crossed the null value.
While the direction of association varied across outcomes,
there was no consistent pattern of worse kidney function
among participants with detectable aflatoxin. Because only
14 detectable participants were included in complete-case
adjusted models, estimate precision and power are limited;
findings should be interpreted cautiously.

Weighted binary outcome estimates were highly sensitive
to individual participant weights because only 16 adults were
included in the detectable aflatoxin group. Accordingly, the
unweighted cases/total and the weighted risk estimates are
shown in Table 4 and Figure 2. The unweighted counts are
the most transparent way to describe the observations in the
data. The weighted risks are unstable exploratory estimates
that should be interpreted with caution.

Precision and power assessment

The assessment of precision and power shows that the
analysis was mainly limited by the small number of adults with
serum aflatoxin B1-lysine above detection (Table 5, Figure 3).
Despite ample members of the non-detected comparison
group, only 16 adults were deemed exposed. The study had an

Bootstrap precision of median differences

Natural log UACR i:
UACR, magfg 4 '—q:—I
BUN. mg/dL - »—;-c
eGFR, mL/min/1.73 m2q | 5 &
Standardized serum creatinine, mg/dL ;
-0 -15 -10 -5 0 5 10 15 20

Median difference: detected minus non-detected

Figure 3: Bootstrap precision of median differences in kidney markers.

Note: Median differences are detected minus non-detected values.
Intervals were estimated using 5,000 bootstrap replicates.

Table 5: Precision and power assessment

Metric

Interpretation

Very small exposed group;
Exposed adult sample size 16 adjusted binary models are
unstable.
Non—exposeq adult sample 1242 Large comparison group.
size
Minimum detectable The study is powered
standardized mean 0.71 only for large continuous-
difference for 80% power outcome differences.
Approximate albuminuria With only 16 exposed
L adults, a large binary-
risk in exposed group 45.5% .
outcome difference would
needed for 80% power
be needed.
Note: The minimum detectable standardized mean difference was estimated for 80%
power at alpha = .05 using the observed exposed-to-non-exposed ratio.

Table 4: Binary kidney outcomes by serum aflatoxin B1-lysine detectability.

Non-detected cases/

Weighted risk non- Weighted risk

Outcome total Detected cases/total detected % detected % Crude OR (95% CI) Fisher p
Albuminuria, UACR >=30 mg/g 175/1222 (14.3%) 1/16 (6.2%) 10.72 0.29 0.58(0.11-3.11) 0.715
Reduced eGFR <60 mL/min/1.73 m2 105/1236 (8.5%) 0/16 (0.0%) 4.76 0.00 0.33(0.02-5.46) 0.388
Albuminuria or eGFR <60 231/1242 (18.6%) 1/16 (6.2%) 13.04 0.29 0.42 (0.08-2.27) 0.331

Note: ORs used Haldane-Anscombe continuity correction because several exposed cells were very small or zero. These estimates are unstable and should be interpreted descriptively.

https://doi.org/10.29328/journal.jcn.1001179
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80% power only to find a large standardized mean difference
of about 0.71 for continuous kidney-function markers.
Likewise, to provide acceptable power for albuminuria,
an estimated prevalence of 45.5% would be needed in the
exposed group. The findings suggest that the null associations
in the main analyses could be considered inconclusive rather
than evidence of no renal effect.

Discussion
Principal findings

In this exploratory analysis of NHANES 1999-2000, adults
with detectable serum aflatoxin B1-lysine were uncommon
and not associated with worse kidney-function markers.
Among adults with detectable aflatoxin, adjusted models
did not reveal higher creatinine, lower eGFR, higher BUN,
or higher log-UACR. Detectable participants did not have
more frequent binomial indicators of albuminuria, reduced
estimated GFR or single visit kidney abnormality. Thus, the
most appropriate interpretation is a null or inconclusive
finding in an underpowered U.S. sample at low-exposure.

The results should not be taken to mean aflatoxin
is incapable of causing kidney damage. According to
experimental studies, it is theoretically possible that aflatoxin
B1 exposure can cause oxidative stress, apoptosis, activate
inflammatory pathways, and lead to changes in renal injury
markers [8,10-12]. Nonetheless, the exposure distribution in
the NHANES 1999-2000 study varied significantly from high-
exposure regions and experimental dosing models. Due to
the 16 detectable adults in this set of data it is not possible to
reject smaller in renal signals.

This research also helps distinguish between biological
plausibility and population evidence. Aflatoxin - a well-
established liver cancer-causing foodborne toxin - offers no
evidence to support its kidney toxicity in human beings. The
nephrotoxicity literature of ochratoxin A is more established
and it has been more contextually discussed about endemic
nephropathy and urinary tract tumors [15-18]. For future
investigations on mycotoxins and kidneys, aflatoxin and
ochratoxin A should be measured together and heavy metals,
diabetes, hypertension, dehydration, income and diet should
also be considered.

Strengths

The research utilized a direct measure of aflatoxin
exposure in serum instead of relying on food-frequency or
ecological exposure assumptions. This utilizes public NHANES
data, standardized creatinine calibration, race-free CKD-EPI
2021 eGFR estimation, UACR, and several kidney outcome
definitions. To ensure transparency and reproducibility, we
have made all files public.

Limitations

The study is not without limitation. The cross-sectional

https://doi.org/10.29328/journal.jcn.1001179

design prevents causal inference. In addition, aflatoxin
exposure was measured once only whereas kidney disease
is usually a product of chronic processes, and CKD diagnosis
requires chronicity for at least 3 months. Another reason
for the instability of the adjusted binary models is the very
small number of detectable adult cases, making the analysis
underpowered. Analysis was therefore unable to consider
co-exposure to ochratoxin A or other relevant nephrotoxic
environmental agents. Fifth, diabetes, hypertension, drug use,
food intake, and comorbid liver disease residual confounding
is likely. Weighted regression was used for exploratory
estimation in the sixth stage; however, additional design-
based variance estimation is likely needed for journal
submission according to standards set by NHANES analytic. In
the end, the low exposure sample from the U.S may not apply
to regions where dietary aflatoxin exposure is higher and
more sustained.

The strategy that limits adjustments has an important
limitation. The models were adjusted for age, sex, race/
ethnicity and poverty-income ratio, but the analyses could
not be fully adjusted for major renal confounders, including
diabetes, hypertension, nephrotoxic medication use, diet, liver
disease, heavy metals, ochratoxin. A and other environmental
nephrotoxic exposures. This study is most accurately
interpreted as a descriptive exploratory analysis rather than a
causal assessment of aflatoxin-related kidney injury.

Public health and research implications

The unqualified exploration result does not lessen the
significance of prevention of aflatoxins. Due to the well-
documented public health risk posed by aflatoxin, food
storage, agricultural control, diversification of diets, and
vigilant monitoring of aflatoxins must remain a priority. A
prospective study in a higher exposure cohort that includes
repeated measurements of aflatoxin-albumin adducts,
ochratoxin A biomarker, heavy-metal biomarkers, eGFR,
UACR, tubular injury markers, and oxidative-stress markers,
as well as repeated measurements of the kidneys over time
would be the most informative next step for kidney research.

Conclusion

In the 1999-2000 NHANES study, U.S. adults rarely tested
positive for detectable serum aflatoxin B1-lysine, and this
was not associated with worse metrics of kidney damage or
dysfunction, nor a single-visit composite kidney abnormality.
Given that the exposed group was tiny, the study should
be seen as an exploratory, underpowered human analysis
rather than definitive evidence against aflatoxin-related renal
toxicity. Longitudinal studies with repeated mycotoxin and
kidney biomarkers at higher exposures are needed into the
future.
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