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Introduction: Despite a well-established direct toxic effect of alcohol on renal
cells, there is a salutary dose-dependent effect of alcohol consumption on
common laboratory parameters related to kidney performance. Alcohol also
impacts thyroid hormones, while thyroid status modulates kidney function. The
modulation of kidney parameters with thyrotropin (TSH) and thyroid status
indicates a possible interaction between alcohol, kidney, and thyroid functions.
This retrospective study was conducted to test the hypothesis that the positive
effect of alcohol use on the estimated glomerular filtration rate (eGFR) is
mediated by alcohol's effect on thyroid hormones.

Methods: We reviewed the electronic medical records of 767 hospitalized adult
patients free of thyroid disorders who received medical care in the Mayo Clinic
Health System from June 2019 through June 2022 and had blood alcohol
concentration (BAC), serum TSH, and serum creatinine measured during the
hospitalization. We calculated the eGFR using both the re-expressed
Modification of Diet in Renal Disease (MDRD II) study equation and the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) Creatinine equation.

Results: We found a significant relationship of BAC with eGFR (CKD-EPI) and TSH in
males only. BAC had a positive association with eGFR (b = 0.24, p = 0.0001) and
negative with TSH (b=-0.17, p = 0.006). The covariance between the two outcomes
(eGFR and TSH) was negative (b = -0.12, p = 0.049). The path analyses using the
eGFR MDRD Il equation were not significant in males, whereas females had no
significant path analyses with either of the eGFR equations.
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Discussion: We observed that BAC influences both eGFR and TSH, whereas eGFR
and TSH influence each other. After considering important covariates (e.g., age,
body mass index, diabetes mellitus, cardiovascular disease, chronic kidney
disease, and chronic liver disease) and the negative bidirectional effect of TSH
and eGFR, a positive impact of BAC on eGFR was observed in males.
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1 Introduction

The detrimental health effects of excessive alcohol consumption
are well known (1). However, there is an intriguing dose-dependent
positive association between alcohol use and kidney function that
has been reported in several large-scale studies (2-5).
Understanding this beneficial effect of alcohol on kidney function
despite its direct toxicity on renal cells (6) through oxidative stress
(7), lipid peroxidation (8), and ferroptosis (9), among other
mechanisms, is challenging. One way to reconcile this apparent
contradiction is to consider that alcohol has both direct deleterious
and indirect salutary effects through thyroid hormones.

Alcohol has a direct effect on all levels of the hypothalamic-
pituitary-thyroid (HPT) axis (10-16), including thyroid gland
volume (17-19) and serum concentrations of the thyroid
hormones tetraiodothyronine (T4) (20, 21) and triiodothyronine
(T3) (22-24), and thyrotropin (TSH) levels (25-27). Moreover,
alcohol alters the activities of the thyroid metabolizing enzyme
deiodinase type II, which converts prohormone T4 into active T3
(28, 29). As such, both preclinical and clinical studies have
demonstrated changes in different thyroid hormones during
chronic alcohol use (21-23), acute intoxication (30), early
withdrawal (20, 26, 30), and abstinence (24). The results of these
studies are inconsistent, possibly due to confounding factors
including: A) timing of blood collections (31, 32), B) presence of
liver cirrhosis (27, 33), C) cigarette smoking (34-38), and D)
cannabis use (39). However, some findings demonstrate increased
peripheral conversion of T4 into T3 and suppression of TSH in the
setting of alcohol use (10, 11). Interestingly, findings in a rodent
model of chronic alcohol use suggested that increases in
intracellular T3 concentration in the amygdala may be specifically
related to reward mechanisms and the development of behavioral
dependence on ethanol (29).

Thyroid status directly affects kidney function. Hypothyroidism
promotes a reduced glomerular filtration rate (GFR), and
hyperthyroidism promotes an increased GFR (40-46). The
elucidation of mechanisms by which hypothyroidism promotes a
reduction in GFR is presently incomplete. Reduced renal sodium
and chloride reabsorption (47-49), increased capillary permeability
(50), decreased plasma volume (51), decreased cardiac output (51),
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increased vascular resistance (52, 53), decreased expression of renal
vasodilators, decreased renal response to vasodilators, and
intrarenal vasoconstriction are adaptations observed with
hypothyroidism that may variably contribute to reduced renal
blood flow and reduced GFR (54). In several case reports,
hypothyroidism was demonstrated to be a cause of kidney
dysfunction (55-61). Furthermore, TSH correlates negatively with
eGFR (62, 63), and administration of recombinant human
thyrotropin to patients (n=24) after total thyroidectomy was
associated with a significant reduction in eGFR (64). Similarly, a
study showed that thyroid hormone replacement therapy
attenuated the rate of renal functional decline in chronic kidney
disease patients with subclinical hypothyroidism (65). Taken
together, it is plausible to hypothesize that alcohol intoxication
causes a transient hyperthyroid state with TSH suppression, which
promotes an increase in GFR. To test this hypothesis, we reviewed
the charts of patients who were admitted during acute alcohol
intoxication with blood alcohol concentration (BAC) above the
lower limit of detection (10 mg/dL), had serum TSH and creatinine
concentrations during the same hospital admission, and were
placed on the Clinical Institute Withdrawal Assessment of
Alcohol Scale, Revised (CIWA-Ar) protocol for alcohol
withdrawal (66).

2 Methods
2.1 Patients and data collection

This study was approved by the Institutional Review Board
(IRB) of the Mayo Clinic (ID#22-008591). At Mayo Clinic Health
Systems (MCHS), patient data from EPIC, the electronic medical
record (EMR) system, was initially obtained from an electronic data
dump by a senior data analyst. Following this, the lead author (HU)
verified the EMR and performed data cleaning. Next, the lead
author (HU) manually cross-checked individual data points by
reviewing patients’ charts, including providers’ notes, progress
notes, admission and discharge notes, and laboratory results.
Admission diagnoses were collected from the providers’ notes of
the first encounter. Active problem lists and active problems noted
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by providers were used to report medical and psychiatric
comorbidities and substance use profiles. Patients (n=844)
included in this study, received medical care in the Mayo Clinic
Health System (MCHS) from June 2019 to June 2022. We obtained
laboratory results for BAC, TSH and serum Creatinine that were
collected concurrently all during the first day of hospital admission.
They had measured BAC levels higher than the lower limit of
detection method (10 mg/dL), and were placed on the CIWA-Ar
protocol (66). Blood ethanol concentration was determined using a
headspace gas chromatography-flame ionization detection method
(67). The following data were extracted from the EMR:
demographics, reason for hospitalization, medical and psychiatric
comorbidities, hospital course (including intensive care unit (ICU)
admission), laboratory studies including BAC, TSH, creatinine,
blood urea nitrogen (BUN), and liver enzymes, and all-cause
mortality. To remove the potential confounding effect of
comorbid thyroid disorders, we performed the statistical analysis
after excluding patients with pre-existing thyroid conditions [n=77
(31 males, 46 females)]. To calculate the estimated GFR (eGFR), we
used two equations. The first one is the re-expressed Modification of
Diet in Renal Disease (MDRD) II study equation [Re-expressed
MDRD II equation = 175 X (sCr)™11% x (Age)7°‘203 x (0.742 if
female) x (1.210 if African American), where SCr = serum
creatinine in mg/dL] (68). We also used the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) Creatinine
equation [CKD-EPI equation = 141 x min (sCr/k, 1) * x max
(sCr/x, 1) 1% x 0.993%° x 1.018 (if female) x 1.159 (if African
American), where K is 0.7 for females and 0.9 for males, o, is —0.329
for females and —0.411for males, min indicates the minimum of
sCr/x or 1, and max indicates the maximum of sCr/x or 1] (69).

2.2 Statistical analysis

We expressed continuous data as median and interquartile
range (IQR) and categorical data as percentage. We used the
Kolmogorov-Smirnov and Shapiro-Wilk normality tests to test
for a normal distribution. To compare continuous variables
between males and females, we used the Student’s t test and the
Mann-Whitney U test for normally distributed and non-parametric
data, respectively. We used the chi-square test to compare
categorical variables and the Bonferroni correction for pairwise
comparison. Pearson’s correlation analysis was used to test the
relationship between BAC and both eGFR and TSH after
logarithmic transformation of the positively skewed TSH. We
performed mediation analysis to investigate the role of TSH as a
mediator in the relationship between BAC and eGFR. Mediation
analysis tests potential causal effects in a causal chain in which an
independent variable (an exposure), represented here by BAC,
affects a dependent variable (an outcome), represented here by
eGFR, through an intervening variable called the mediator,
represented here by TSH. The mediator is affected by an
exposure, affects an outcome, and carries the influence of the
exposure on the outcome. Mediation analysis tests the direct
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effect of the exposure on the outcome and the effect of the
exposure on the outcome carried by the mediator (70, 71).

We performed the mediation analysis in four steps, in which
several regression analyses were conducted. First, we used a simple
linear regression to test for the “C path”, representing the effect of
BAC (exposure) on eGFR (outcome). Second, we tested for “A
path”, representing the effect of BAC (exposure) on TSH (mediator)
using simple linear regression. Third, we performed a simple
regression analysis to examine the “B path” which represents the
effect of TSH (mediator) on eGFR (outcome). We performed the
analysis when all the conditions stated by Baron and Kenny were
met. If any nonsignificant relationship was detected in the first three
steps, mediation is not possible (71). Fourth, using multiple
regression analysis, we tested for the “C’ path”, which represents
the effect of BAC (exposure) on eGFR (outcome) when TSH
(mediator) is controlled. If “C’" path” is insignificant, this means
full mediation, and if significant, this means partial mediation. We
further adjusted for age, body-mass index, cardiovascular disorders,
hepatic disorders, diabetes, renal disorders, and elevated liver
enzymes using the SAS software (SAS 9.4; SAS Institute Inc,
Cary, NC, USA). Since the traditional mediation model could be
biased (72), assuming that the dependent variable (eGFR) does not
affect the mediator (TSH), we further performed path analysis via
structural equation modelling (SEM) to test the possible
bidirectional relationship between eGFR and TSH. The path
analysis evaluated whether BAC predicted both eGFR and TSH
values, while accounting for the covariance between both outcomes
and controlling for age, body-mass index, cardiovascular disorders,
hepatic disorders, diabetes, renal disorders, and liver enzymes. Path
analyses via SEM were calculated by the LAVAAN package (73)
within R statistical software and stratified by sex. Statistical
significance was denoted as p < 0.05 (two-sided). Results were
presented as standardized coefficients (B).

3 Results
3.1 Demographics

Following the exclusion of patients identified as having a
comorbid thyroid disorder (n=77), the remaining cohort of 767
patients was categorized into two groups based on sex, including
66.6% (n = 511) males and 33.4% (n = 256) females. No significant
sex difference in median age, race, or ethnicity was observed.
However, there was a significant sex difference in terms of marital
status, with a higher proportion of males being single [54.2%
(n=277) vs. 42.6% (n=109), P<0.001], while more females were
divorced [15.7% (n=80) vs. 24.6% (n = 63), P<0.001]. Employment
status showed a difference, as more females were identified as
student/employed compared to males [11.9% (n=61) vs. 21.1%
(n=54), P<0.001]. Notably, median BMI was found to be
significantly higher among males [median (IQR) 27.3 (7.7) vs.
24.8 (8.3), P<0.001] (Table 1).
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3.2 Reasons for hospitalization [13.6% (n=104)]. There was no significant sex difference in
admission diagnosis, except males were more commonly admitted

The most common reason for hospital admission was alcohol ~ due to trauma [21.9% (n=112) vs. 9.4% (n=24), P<0.001],
intoxication [82.6% (n=635)], followed by suicidal ideation [31.8%  cardiovascular disorders [8.6% (n=44) vs. 3.1% (n=8), P=0.004],
(n=244)], altered mental status [18.6% (n=143)], trauma [17.7%  and metabolic derangements [5.5% (n=28) vs. 2% (n=5),
(n=136)], alcohol withdrawal [15.6% (n=120)], and suicide attempt ~ P=0.02] (Table 2).

TABLE 1 Demographics.

All (n=767) Males Females
[n=511 (66.6%)] [n=256 (33.4%)]
Age [Median (IQR)] 45 (23) 44 (23) 46.5 (24.7) 0.7
Age groups, No. (%) of patients <40 301 (39.2%) 200 (39.1%) 101 (39.5%) 0.4
40-65 398 (51.9%) 265 (51.9%) 133 (52%) 0.8
>=65 68 (8.9%) 46 (9%) 22 (8.6%) 0.8
BMI (kg/m2) [Median (IQR)] 26.6 (8) 273 (7.7) 24.8 (8.3) <0.001
BMI groups, No. (%) of patients <18.5 (kg/m2) 21 (2.7%) 14 (2.7%) 7 (2.7%) 0.99
18.5 to <25.0 245 (31.9%) 135 (26.4%) 110 (43%) <0.001
(kg/m2)
25.0 to < 30.0 212 (27.6%) 160 (31.3%) 52 (20.3%) 0.001
(kg/m2)
30.0 to <40.0 165 (21.5%) 113 (22.1%) 52 (20.3%) 0.6
(kg/m2)
240 (kg/m2) 31 (4%) 23 (4.5%) 8 (3.1%) 0.4
Unknown 93 (12.1%) 66 (12.9%) 27 (10.5%) 0.3
Race, No. (%) of patients White 661 (86.2%) 433 (84.7%) 228 (89.1%) 0.1
African 51 (6.6%) 37 (7.2%) 14 (5.5%) 0.3
American
American 13 (1.7%) 9 (1.8%) 4 (1.6%) 0.8
Indian/

Alaskan Native

Other 31 (4%) 26 (5.1%) 5 (2%) 0.04
Unknown 11 (1.4%) 6 (1.2%) 5 (2%) 0.4
Ethnicity, No. (%) of patients Non-Hispanic 716 (93.4%) 476 (93.2%) 240 (93.8%) 0.8
Hispanic 25 (3.3%) 18 (3.5%) 7 (2.7%) 0.6
Other 6 (0.8%) 5 (1%) 1 (0.4%) 0.4
Unknown 20 (2.6%) 12 (2.3%) 8 (3.1%) 0.5
Marital Status, No. (%) of patients Single 386 (50.3%) 277 (54.2%) 109 (42.6%) <0.001
Married 181 (23.6%) 120 (23.5%) 61 (23.8%) 0.9
Divorced 143 (18.6%) 80 (15.7%) 63 (24.6%) <0.001
Widowed 28 (3.7%) 11 (2.2%) 17 (6.6%) 0.06
Separated 15 (2%) 13 (2.5%) 2 (0.8%) 0.1
Life partner 4 (0.5%) 3 (0.6%) 1 (0.4%) 0.7
Unknown 10 (1.3%) 7 (1.4%) 3 (1.2%) 0.8
Employment status, No. (%) Student/ 115 (15%) 61 (11.9%) 54 (21.1%) <0.001
of patients Employed

(Continued)
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All (h=767)  Males Females
[n=511 (66.6%)] [n=256 (33.4%)]
Self-employed 29 (3.8%) 22 (4.3%) 7 (2.7%) 03
Unemployed 268 (34.9%) 183 (35.8%) 85 (33.2%) 0.5
Retired 92 (12%) 62 (12.1%) 30 (11.7%) 0.9
Disabled 53 (6.9%) 40 (7.8%) 13 (5.1%) 01
Other 166 (21.6%) 117 (22.9%) 49 (19.1%) 0.2
Unknown 44 (5.7%) 26 (5.1%) 18 (7%) 03

BMI, Body Mass Index.

3.3 Comorbid medical and
psychiatric conditions

Out of the patient population, 69.5% (n=533) had medical
comorbidities. The most common medical comorbidities were
cardiovascular [60.1% (n=461)], gastrointestinal [55.8% (n=428)],
respiratory [20.2% (n=155)], and neurologic disorders [19.3%
(n=148)]. More females than males had iron deficiency anemia
[5.5% (n=14) vs. 1.4% (n=7), P=0.002], and malignancy [7.8%
(n=20) vs. 2.9% (n=15), P=0.003]. Conversely, more males than
females had comorbid hypertension [32.5% (n=166) vs. 23.4%
(n=60), P=0.009].

TABLE 2 Reason for hospitalization.

Within the cohort, 70.1% (n = 538) presented with comorbid
psychiatric disorders. The most prevalent psychiatric disorders were
depression [50.7% (n=389)], anxiety [37.5% (n=288)], and suicidal
ideation [14.6% (n=112)]. Females had significantly more
psychiatric comorbidities than males [81.3% (n=208) vs. 64.6%
(n=330), P<0.001]. Females were more frequently diagnosed with
depression [58.6% (n=150) vs. 46.8% (n=239), P=0.002], anxiety
disorder [43.4% (n=111) vs. 34.6% (n=177), P=0.02], post-
traumatic stress disorder (PTSD) [11.7% (n=30) vs. 6.7% (n=34),
P=0.02], borderline personality disorder [10.9% (n = 28) vs. 4.1%
(n = 21), P <0.001], and eating disorders [5.5% (n=14) vs. 0.6%
(n=3), P<0.001]. Conversely, males were more frequently diagnosed

All (n=767) Males [n=511 (66.6%)] Females [n=256 (33.4%)] p value

Alcohol intoxication 635 (82.8%) 421 (82.4%) 214 (83.6%) 0.8
Alcohol withdrawal 120 (15.6%) 83 (16.2%) 37 (14.5%) 0.6
Substance intoxication (other than alcohol) 23 (3%) 18 (3.5%) 5 (2%) 0.3
Suicidal ideations 244 (31.8%) 159 (31.1%) 85 (33.2%) 0.6
Suicide attempt 104 (13.6%) 66 (12.9%) 38 (14.8%) 05
Homicidal ideations 11 (1.4%) 8 (1.6%) 3 (1.2%) 0.7
Altered mental status 143 (18.6%) 91 (17.8%) 52 (20.3%) 04
Trauma 136 (17.7%) 112 (21.9&) 24 (9.4%) <0.001
Pain related conditions 91 (11.9%) 66 (12.9%) 25 (9.8%) 0.2
Gastrointestinal disorders 57 (7.4%) 38 (7.4%) 19 (7.4%) 0.99
Cardiovascular disorders 52 (6.8%) 44 (8.6%) 8 (3.1%) 0.004
Neurological disorders ‘ Any 60 (7.8%) 41 (8%) 19 (7.4%) 0.9

‘ Seizures 18 (2.3%) 9 (1.8%) 9 (3.5%) 0.1
Pulmonary disorders 40 (5.2%) 29 (5.7%) 11 (4.3%) 0.5
Metabolic derangements® 33 (4.3%) 28 (5.5%) 5(2%) 0.02
Other reasons including constitutional 108 (14.1%) 78 (15.3%) 30 (11.7%) 0.2
symptoms®

“Hypo/hyperglycemia, increased lactate, electrolyte imbalance.
"Dizziness, nausea/vomiting, malaise, fever, chills, fatigue, headache.
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TABLE 3 Medical and psychiatric comorbidities.

Males Females p
[n=511 (66.6%)] [n=256 (33.4%)] value
Medical Any medical comorbidity 533 (69.5%) 357 (69.9%) 176 (68.8%) 0.8

Gastrointestinal Any 428 (55.8%) | 291 (56.9%) 137 (53.5%) 04
disorders

Hepatic Disorders 186 (24.3%) 132 (25.8%) 54 (21.1%) 0.1

Other 242 (31.6%) 159 (31.1%) 83 (32.4%) 0.7

Gastrointestinal

disorders
Cardiovascular disorders = Any 461 (60.1%) 335 (65.6%) 126 (49.2%) <0.001

Hypertension 226 (29.5%) 166 (32.5%) 60 (23.4%) 0.009

Cardiomyopathy/ 35 (4.6%) 28 (5.5%) 7 (2.7%) 0.1

Heart Failure

Other 200 (26.1%) 141 (27.6%) 59 (23%) 0.2
Neurological disorders Any 148 (19.3%) 101 (19.8%) 47 (18.4%) 0.7

Neuropathy 45 (5.9%) 31 (6.1%) 14 (5.5%) 0.9

Seizure Disorders 51 (6.6%) 35 (6.8%) 16 (6.3%) 0.9
Iron Deficiency Anemia 21 (2.7%) 7 (1.4%) 14 (5.5%) 0.002
Other Anemia 80 (10.4%) 53 (10.4%) 27 (10.5%) 0.99
Respiratory disorders 155 (20.2%) 103 (20.2%) 52 (20.3%) 0.99
Dermatologic disorders 59 (7.7%) 34 (6.7%) 25 (9.8%) 0.1
Diabetes Mellitus 67 (8.7%) 52 (10.2%) 15 (5.9%) 0.06
Renal/Urinary System disorders 106 (13.8%) = 75 (14.7%) 31 (12.1%) 0.4
Malnutrition 18 (2.3%) 10 (2%) 8 (3.1%) 0.3
Eye Disorders 40 (5.2%) 28 (5.5%) 12 (4.7%) 0.7
Malignancy 35 (4.6%) 15 (2.9%) 20 (7.8%) 0.003
Repeating Falls 68 (8.9%) 47 (9.2%) 21 (8.2%) 0.7
Orthopedic Disorders 112 (14.6%) = 78 (15.3%) 34 (13.3%) 0.5
ENT conditions (i.e., recurrent epistaxis, allergic 25 (3.3%) 18 (3.5%) 7 (2.7%) 0.7
rhinitis, chronic sinusitis)
Other medical comorbidities 259 (33.8%) 151 (29.5%) 108 (42.2%) <0.001

Psychiatric Any psychiatric comorbidity 538 (70.1%) = 330 (64.6%) 208 (81.3%) <0.001
Depression 389 (50.7%) | 239 (46.8%) 150 (58.6%) 0.002
Suicidal attempt 52 (6.8%) 34 (6.7%) 18 (7%) 0.9
Suicidal ideations 112 (14.6%) 68 (13.3%) 44 (17.2%) 0.1
Anxiety 288 (37.5%) 177 (34.6%) 111 (43.4%) 0.02
Altered mental status 36 (4.7%) 23 (4.5%) 13 (5.1%) 0.7
ADHD 42 (5.5%) 28 (5.5%) 14 (5.5%) 0.99
PTSD 64 (8.3%) 34 (6.7%) 30 (11.7%) 0.02
Bipolar 61 (8%) 34 (6.7%) 27 (10.5%) 0.06
Schizophrenia 17 (2.2%) 16 (3.1%) 1 (0.4%) 0.01
Borderline Personality Disorder 49 (6.4%) 21 (4.1%) 28 (10.9%) <0.001
Antisocial Personality Disorder 9 (1.2%) 9 (1.8%) 0 (0%) 0.03
(Continued)
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Females
[n=256 (33.4%)]

WETES
[n=511 (66.6%)]

P
value

Substance Use

Insomnia or hypersomnia 88 (11.5%) 54 (10.6%) 34 (13.3%) 0.3
Eating disorder 17 (2.2%) 3 (0.6%) 14 (5.5%) <0.001
Conversion disorder 6 (0.8%) 3 (0.6%) 3 (1.2%) 04
Disruptive behavior disorder 4 (0.5%) 4 (0.8%) 0 (0%) 0.3
Cognitive deficit 20 (2.6%) 17 (3.3%) 3 (1.2%) 0.09
Other Psychiatric Comorbidities 148 (19.3%) 104 (20.4%) 44 (17.2%) 0.3
Alcohol Use Disorder Mild 23 (3%) 16 (3.1%) 7 (2.7%) 0.4
Alcohol Use Disorder Moderate/Severe 568 (74.1%) 388 (75.9%) 180 (70.3%) 0.1
Cannabis Use Disorder 68 (8.9%) 51 (10%) 17 (6.6%) 0.1
Nicotine Use Disorder 270 (35.2%) 185 (36.3%) 85 (33.2%) 0.4
Other Substance Use Disorders 148 (19.3%) 100 (19.6%) 48 (18.8%) 0.8

ADHD, Attention Deficit Hyperactivity Disorder.
PTSD, Post Traumatic Stress Disorder.

with schizophrenia [3.1% (n=16) vs. 0.4% (n=1), P = 0.01] and
antisocial personality disorder [1.8% (n=9) vs. 0%, P=0.03].

The most common comorbid substance use disorders were
moderate or severe alcohol use disorder [74.1% (n=568)], tobacco
use disorder [35.2% (n=270)], and cannabis use disorder [8.9%
(n=68)]. There was no sex difference in comorbid substance use
disorders (Table 3).

3.4 Hospital course, including ICU
admission, laboratory results, and mortality

Within the cohort, 16.8% (n=86) of males and 18% (n=46) of
females required ICU admission (P=0.8). There was no sex
difference in hospital length of stay (LOS) [median (IQR): 54.9
(68.6) hours in males vs. 52.6 (75.1) in females, P=0.7] or ICU LOS
[median (IQR): 25.9 (27) vs. 21.8 (24.6) hours, P=0.23]. No sex
difference was observed in BAC at the time of admission [median
(IQR): 253 (215) vs. 253 (203) mg/dL, P=0.5]. There was no sex
difference in serum TSH [median (IQR): 1.4 (1.4) vs. 1.4 (1.6) mIU/
L, P=0.4]. Males had significantly higher ALT [median (IQR): 44
(56.2) vs. 26 (34) U/L, P<0.001], AST [median (IQR): 57.5 (60.7) vs.
39 (53) U/L, P<0.001], BUN [median (IQR): 10 (7) vs. 8 (3.8) mg/
dL, P<0.001] and creatinine concentrations [median (IQR): 0.89
(0.27) vs. 0.72 (0.26) mg/dL, P<0.001]. There was no sex difterence
in eGFR using both the re-expressed MDRD II equation [Median
(IQR) 94.2 (32.1) mL/min/1.73 m2 in males vs. 91.9 (27.5) in
females, P=0.3] and the CKD-EPI equation [Median (IQR) 100.9
(25.4) in males vs. 100.8 (24.6) in females, P=0.5]. The all-cause
mortality rate was 7.7% (n=59), with 8.2% (n=42) in males and 6.6%
(n=17) in females (P=0.5). The median (IQR) time interval between
hospitalization and death was 0.8 (1.4) years in males and 0.8 (1.5)
years in females (P=0.7) (Table 4).
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3.5 Relationship between BAC, TSH,
and eGFR

To investigate the intricate relationship between BAC, TSH, and
eGFR, we started by running a Pearson’s correlation, which showed
a significant correlation between each pair in both males and
females using the eGFR values calculated by the CKD-EPI
equation and only in men using the eGFR values calculated by
the re-expressed MDRD II equation. BAC was positively correlated
with eGFR, while negatively correlated with TSH. In addition, TSH
was negatively correlated with eGFR. Females showed insignificant
correlation between TSH and eGFR calculated by the re-expressed
MDRD II equation (Supplementary Table S1). Next, we ran a
simple mediation analysis to test if TSH mediates the effect of
BAC on eGFR, which showed TSH as a partial mediator between
BAC and eGFR in males (using eGFR values of both equations) and
in females (only when using eGFR values from the CKD-EPI
equation) (Supplementary Table S2). Then, we adjusted for age,
body-mass index, cardiovascular disorders, hepatic disorders,
diabetes, renal disorders, and elevated liver enzymes. The partial
mediation of TSH for the effect of BAC on eGFR was lost in both
males and females, using eGFR values of both equations. However,
the B path in males almost reached significance (P=0.052) using
eGFR values from the CKD-EPI equation (Supplementary
Table S3). To test the possible bidirectional relationship between
eGFR and TSH, we further performed path analysis via SEM. Path
analyses identified significant relationships between BAC with
eGFR (using CKD-EPI equation) and BAC with TSH in males
only (Figure 1). BAC had a positive association with eGFR (3 = 0.24,
p = 0.0001) and negative with TSH (B = -0.17, p = 0.006). The
covariance between the two outcomes (eGFR and TSH) was
negative (f = -0.12, p = 0.049). The eGFR re-expressed MDRD
II equation had no significant path analysis in males, whereas
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TABLE 4 Hospital course including ICU admission, laboratory results and mortality.

All (h=767)  Males [n=511 (66.6%)] Females [n=256 (33.4%)] p-value
Hospital LOS (hours) [Median (IQR), Range] 54 54.9 (68.6),1.7-1638 52.6 (75.1),2.9-2030 0.7
(69.2),1.7-2030
ICU admission [no (%)] 132 (17.2%) 86 (16.8%) 46 (18%) 0.8
ICU LOS (hours) [Median (IQR), Range] 24.4 (28.8), 25.9 (27), 7-147.4 21.8 (24.6), 0.25-107.8 03
Blood alcohol concentration (mg/dL) [Median (IQR)] 253 (211) 253 (215) 253 (203) 0.5
TSH (mIU/L) [Median (IQR)] All age groups 14 (1.4) 14 (1.4) 1.4 (1.6) 0.4
Age <40 years 14 (1.3) 1.4 (1.5) (n=200) 1.5 (1.3) (n=101) 0.8
(n=301)
40-65 years 1.4 (1.3) 1.4 (1.2) (n=265) 1.4 (1.5) (n=133) 0.6
(n=398)
>65 years 1.6 (2.2) 1.5 (2) (n=46) 22 (2.5) (n=22) 02
(n=68)
ALT Level (U/L) [Median (IQR)] 37 (54) (n=467) 44 (56.2) 26 (34) <0.001
(n=318) (n=149)
AST Level (U/L) [Median (IQR)] 54 (58) (n=431) 57.5 (60.7) (n=292) 39 (53) <0.001
(n=139)
Alkaline Phosphatase (U/L) [Median (IQR)] 85 (38) (n=459) 87 (35) (n=310) 87 (48) (n=149) 0.4
BUN (mg/dL) [Median (IQR)] 9 (7) (n=474) 10 (7) (n=322) 8 (3.8) (n=152) <0.001
Creatinine (mg/dL) [Median (IQR)] 0.83 (0.27) 0.89 (0.27) 0.72 (0.26) <0.001
eGFR (mL/min/1.73 m?) [Median (IQR)] [MDRD 92.8 (32.2) 942 (32.1) 91.9 (27.5) 03
1T equation]
eGFR (mL/min/1.73 mz) [Median (IQR)] [CKD- 100.8 (24.9) 100.9 (25.4) 100.8 (24.6) 0.5
EPI equation]
Mortality All 59 (7.7%) 42 (8.2%) 17 (6.6%) 05
In hospital 2 (0.3%) 2 (0.4%) 0 (0%) 0.5
After discharge 57 (7.4%) 40 (7.8%) 17 (6.6%) 0.7
Interval between hospital admission and death (years) 0.8 (1.4) 0.8 (1.4) 0.8 (1.5) 0.7

[Median (IQR)]

LOS, Length of stay.

ICU, Intensive care unit.

ALT, Alanine transaminase.

AST, Aspartate transaminase.

TSH, Thyroid Stimulating Hormone.

females had no significant path analyses with either eGFR
equations (Table 5).

4 Discussion

The results of this study add new insight into the rich literature
documenting a significant association between alcohol
consumption, thyroid state, and kidney function. Despite
numerous studies on the effects of chronic alcohol use on renal
function (2-5, 74-80), there remains a significant gap in the
literature regarding the impact of acute alcohol intoxication on
renal function. Here, we showed that alcohol has a positive effect on
eGFR in males and females. Our results show that BAC can
influence both eGFR and TSH, whereas eGFR and TSH can
influence each other in a negative bidirectional relationship,
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despite which BAC still holds a positive effect on eGFR only in
males. Our result of a positive effect of BAC on eGFR is consistent
with several (2-5, 74-77), but not all studies (74, 78-80). A recent
systematic review of 11 cohort studies (n=14,634,940) examined a
potential dose-dependent association between alcohol consumption
and the incidence of low eGFR of <60 mL/min/1.73 m> The results
showed that the incidence of low eGFR was lower in drinkers with
alcohol consumption of <12.0 and 12.1-36.0 g/day than in non-
drinkers (2). A meta-analysis of 15 cohort studies (n=268,723)
reported a dose-dependent relationship between alcohol drinking
and the risk of kidney damage. Specifically, patients with low (<13
g/day), moderate (13 to 26 g/day), and high (26 to 60 g/day) doses
of alcohol had a 12% (RR: 0.88, 95% CI: 0.83 to 0.93), 24% (RR: 0.76,
95% CI: 0.70 to 0.83), and 21% (RR: 0.79, 95% CI: 0.71 to 0.88)
lower risk of chronic kidney disease compared with the reference
group (non- or occasional drinkers), respectively (5). A prospective
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BAC

B= 0.24* B= -0.17*

eGFR

FIGURE 1

Path analysis of the BAC predicting values of eGFR and TSH via
structural equation modelling. Path analyses identified a significant
relationship of BAC with eGFR (CKDEPI) and TSH in males only. BAC
had a positive association with eGFR (3 = 0.24, p = 0.0001) and
negative association with TSH (B = -0.17, p = 0.006). The covariance
between the two outcomes (eGFR and TSH) was negative (f =
-0.12, p = 0.049). BAC, Blood alcohol concentration; eGFR,
estimated glomerular filtration rate; TSH, Thyroid-stimulating
hormone. * symbol means significance.

cohort study of males followed for 14 years (n=11,023) reported an
inverse relationship between moderate alcohol consumption and
the risk of renal dysfunction (75). Similar results were reported in a
study from Korea (n=5,729) where patients with higher alcohol
intake (compared to non-drinkers) demonstrated less relative loss
of eGFR over 12 years (3). In addition, the Gubbio population-
based study (n=4,524) reported that alcohol intake was related
cross-sectionally to eGFR and longitudinally to less negative eGFR

TABLE 5 Path analyses of the blood alcohol concentration (BAC)
predicting values of eGFR and TSH via structural equation modelling.

eGFR (CKD-EPI)

Females

B

BAC — eGFR 0.24 0.0001 BAC — eGFR 0.09 0.20
BAC — TSH -0.17 0.006 BAC — TSH -0.06 0.55
eGFR < TSH -0.12 0.049 eGFR < TSH -0.16 0.08

eGFR (re-expressed MDRD II)

Females

Males

B B

BAC — eGFR 0.22 0.0001 BAC — eGFR 0.13 0.14
BAC — TSH -0.17 0.006 BAC — TSH -0.06 0.55
eGFR < TSH - 0.092 0.13 eGFR < TSH -0.13 0.14

Bolded standardized coefficients denote statistical significance (p < 0.05).
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change over time (4). Similarly, the Italian Longitudinal Study on
Aging (n=3,404, aged 65-84 years) and the Southern Taiwan Pai-
Wan aboriginal community study (n=1,466, aged 40-95 years) both
showed an inverse linear relationship between moderate alcohol
consumption and the risk of mild renal impairment (76, 77). Other
studies found no effect of moderate alcohol consumption on kidney
function decline (n=4,343, aged =65 years) (78) In addition, the
Korean cohort study for outcome in patients with chronic kidney
disease (KNOW-CKD, n=1,883) showed an opposite effect, where
heavy alcohol consumption was associated with faster progression
of CKD (79). The inconsistent results could be attributed to several
confounding factors, such as comorbid liver cirrhosis. About 26%
(n=219) of the patients in our cohort had comorbid hepatic
conditions. We observe that BAC can influence both eGFR and
TSH, and still has a positive effect on eGFR even after considering
the covariates (age, body mass index, ALT and AST, diabetes, and
cardiovascular, renal-urinary, and hepatic diseases) and the
bidirectional relationship between TSH and eGFR. One study
reported that TSH concentrations were significantly higher in
patients with alcoholic liver cirrhosis (n=40) compared to healthy
controls [median, range TSH=2.1 (0.4-5.3) vs. 1.1 (0.3-3.8) uU/mL,
P<0.05] (18). The impact of medical and psychiatric comorbidities
on the association between BAC and eGFR remains to
be investigated.

We found a robust negative association between BAC and TSH
in males. Alcohol has a direct toxic effect on the thyroid gland (17-
19). Hermann et al. reviewed clinical studies that examined thyroid
hormonal changes during chronic alcohol intake and short- or
long-term abstinence and showed an overall reduction in T4 and T3
concentrations (10). TSH levels decreased in the course of chronic
ethanol intake and abstinence compared to controls in some (25,
34), but not all (20, 81) studies. A few studies assessed changes in
thyroid hormones during acute alcohol intoxication. Ylikahri et al.
reported that single-dose alcohol administration to healthy male
volunteers (n=12) had no significant effect on basal concentrations
of TSH, T4, or T3 at 4 and 14 hours post-alcohol intake (82). Taken
together, our study documents, for the first time, in a large sample
(n=767) that acute alcohol intoxication is associated with a
significant reduction in TSH in males. We further show that
suppressed TSH is associated with higher eGFR.

Both hypothyroidism and hyperthyroidism have direct effects
on GFR (40-42, 83). Several studies have shown that patients who
receive treatment for thyroid disorders have a lower risk of
developing renal dysfunction compared to patients with untreated
thyroid disorders (46, 65, 84). Woodward et al. reported
significantly lower median eGFRs in hypothyroid (n=550),
compared to euthyroid (n=793), and hyperthyroid (n=680)
patients (64 vs. 77 vs. 107 mL/min/1.73 m?, respectively) (85).
The study by Shin et al. highlighted a significant reduction in the
rate of decline in renal function among chronic kidney disease
(CKD) patients with subclinical hypothyroidism (SCH) following
thyroid hormone replacement therapy (THRT), with rates
decreasing from -4.31 + 0.51 to -1.08 + 0.36 (mL/min)/(year-1.73
m2), compared to pre-THRT levels (65). In addition, patients with
hypothyroidism (n=114,872) had a significantly higher risk of
chronic kidney disease (CKD) compared with euthyroid
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individuals [OR (95%CI): 1.25 (1.21-1.29)] (86). Similar results
were reported in older adults (n=1,571), where the presence of
either hypothyroidism or hyperthyroidism had an 84% higher
likelihood of having CKD [OR (95% CI): 1.84 (1.03-3.31)] and
patients in the highest versus lowest quartile (reference) of TSH had
significantly greater odds of prevalent CKD [OR (95% CI): 1.82
(1.22-2.71)] and [OR (95% CI): 1.64 (1.10-2.45)], respectively (87).
Furthermore, in patients with moderate-to-severe CKD
(n=461,607), an increase in serum TSH by 0.11 mIU/L was
associated with a reduction of eGFR by 10 mL/min/1.73 m* (95%
CIL: 0.10-0.11 mIU/L, P<0.001) (62) and higher TSH showed a
significant negative correlation with eGFR in euthyroid individuals
(n=10,859, P=-0.072, P=1.994x10"%) (88), with a positive
association between high-normal levels of TSH and increased risk
of incident CKD (n=104,633, OR (95% CI): 1.26 (1.02-1.55)] (89).
In individuals with no history of thyroid disease (n=29,480), TSH
within the reference range (0.50-3.5 mU/l) was negatively associated
with eGFR (P<0.001). Compared with people with TSH in the lower
third of the reference range ((0.50-1.4 mIU/L) eGFR was lower (83.0
mL/min per 1.73 m?), in people with TSH in the middle (81.6 mL/
min per 1.73 m®) and highest third (80.3 mL/min per 1.73 m®) of
the reference range, and in people with subclinical (79.3 mL/min
per 1.73 m?), P<0.001) or overt hypothyroidism (76.5 mL/min per
1.73 m?), P<0.001) (90). Moreover, the administration of
recombinant human TSH to patients after total thyroidectomy
due to differentiated thyroid cancer caused a significant reduction
in eGFR (64). Interestingly, the effect of thyroid status on GFR may
be specific to TSH and not free T4 (FT4), as in both Zhang et al. and
Wang et al. studies, there were no associations observed between
FT4 and eGFR (88, 89).

The impact of thyroid dysregulation on kidney function could
be mediated in part by cardiovascular and systemic hemodynamic
effects (91) and by the direct effect of TSH on renal metabolism (92).
Indeed, TSH receptor mRNA and protein expression are identified
in the kidney (93). TSH causes an initial increase in intracellular
cyclic adenosine monophosphate (cAMP) (92), followed by
attenuation of the cAMP response with prolonged TSH
stimulation (94). However, the effect of the thyroid on the kidney
is not limited to cAMP modulation. Thyroid hormones regulate the
adrenergic receptors and dopaminergic activation of the renal
tubular cells (95), the water channels aquaporin 1 and 2 (96), the
activity of the Na/K ATPase enzyme (97, 98), and the tubular
permeability to sodium and potassium (99, 100).

Interestingly, the positive impact of BAC on eGFR with a
bidirectional negative relationship between eGFR and TSH was
observed only in men. Pituitary TSH receptors show a sex difference
with greater density in female rats under the stimulatory effect of
estrogen, while androgen has an inhibitory effect on TSH receptors
(101). There is strong evidence that alcohol affects men and women
differently (102), as do thyroid disorders (103). However, further
studies are needed to investigate the impact of sex hormones on the
complex relationship between alcohol consumption, thyroid status,
and kidney performance.

The results of this study should be viewed considering both its
strengths, specifically the large sample size and deep phenotyping,
and its limitations. The retrospective design of our study restricts
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the availability of data about the pattern or duration of alcohol
drinking, which could be a confounding factor. We did not consider
the timing of TSH measurements, which could have impacted the
results given the normal variation in thyroid hormone
concentrations throughout the day (31, 32). In addition, our
cohort may not be representative of the public during acute
intoxication due to the high prevalence of medical and psychiatric
comorbidities. The literature indicates a lower representation of
females in AWS studies (104). Despite our study having a high
number of female participants compared to others, the relatively
lower number of female patients included may influence the
generalizability of our findings. Despite these limitations, our
study is the first, to the best of our knowledge, that describes sex
difference in the link between acute alcohol intoxication and kidney
performance despite the bidirectional negative relationship between
TSH and eGFR. While our study provides valuable insight into the
relationship between acute alcohol use and kidney functions, it is
noteworthy that our discussions primarily focus on chronic alcohol
consumption studies in the literature due to the absence of studies
on acute alcohol intoxication and kidney function. Therefore, future
studies evaluating acute alcohol intoxication, thyroid functions, and
kidney functions are needed. The positive impact of BAC on TSH
with a bidirectional negative relationship between TSH and eGFR
remained consistent only with the CKD-EPI equation after
adjusting for confounders. The disparity in results between these
two equations warrants further investigation.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: Mayo Clinic Regulations. Requests to access
these datasets should be directed to abulseoud.osama@mayo.edu.

Ethics statement

This study was approved by the Institutional Review Board
(IRB) of the Mayo Clinic (ID#22-008591). The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

HU: Data curation, Writing - original draft. AY:
Conceptualization, Formal analysis, Methodology, Writing -
review & editing. KM: Data curation, Writing — review & editing.
NM: Data curation, Writing - review & editing. AT-A: Formal
analysis, Methodology, Writing - review & editing. TC: Formal
analysis, Methodology, Writing — review & editing. MF: Writing -
review & editing. LT: Writing - review & editing. OA:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Project administration, Supervision, Validation,
Writing - original draft.

frontiersin.org


mailto:abulseoud.osama@mayo.edu
https://doi.org/10.3389/fneph.2024.1322791
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

Unlu et al.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work is
funded by the department of Psychiatry and Psychology at the
Mayo Clinic, Arizona.

Acknowledgments

We would like to acknowledge Ms. Fan Leng, Senior Analyst
Programmer, for her work in extracting data from the
medical records.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Levesque C, Sanger N, Edalati H, Sohi I, Shield KD, Sherk A, et al. A systematic
review of relative risks for the relationship between chronic alcohol use and the
occurrence of disease. Alcohol Clin Exp Res (Hoboken). (2023) 47:1238-55.
doi: 10.1111/acer.15121

2. Yamamoto R, Li Q, Otsuki N, Shinzawa M, Yamaguchi M, Wakasugi M, et al. A
dose-dependent association between alcohol consumption and incidence of proteinuria
and low glomerular filtration rate: A systematic review and meta-analysis of cohort
studies. Nutrients. (2023) 15(7):1592. doi: 10.3390/nu15071592

3. Lee YJ, Cho S, Kim SR. Effect of alcohol consumption on kidney function:
population-based cohort study. Sci Rep. (2021) 11:2381. doi: 10.1038/s41598-021-
81777-5

4. Cirillo M, Bilancio G, Secondulfo C, Iesce G, Ferrara C, Terradura-Vagnarelli O,
et al. Relation of alcohol intake to kidney function and mortality observational,
population-based, cohort study. Nutrients. (2022) 14(6):1297. doi: 10.3390/nu14061297

5. LiD, XuJ, Liu F, Wang X, Yang H, Li X. Alcohol drinking and the risk of chronic
kidney damage: A meta-analysis of 15 prospective cohort studies. Alcohol Clin Exp Res.
(2019) 43:1360-72. doi: 10.1111/acer.14112

6. Das SK, Varadhan S, Dhanya L, Mukherjee S, Vasudevan DM. Effects of chronic
ethanol exposure on renal function tests and oxidative stress in kidney. Indian J Clin
Biochem. (2008) 23:341-4. doi: 10.1007/s12291-008-0075-6

7. Adaramoye OA, Aluko A. Methanolic extract of Cnidoscolus aconitifolius
attenuates renal dysfunction induced by chronic ethanol administration in Wistar
rats. Alcohol Alcohol. (2011) 46:4-9. doi: 10.1093/alcalc/agq082

8. Liu CF, Lin MH, Lin CC, Chang HW, Lin SC. Protective effect of
tetramethylpyrazine on absolute ethanol-induced renal toxicity in mice. J BioMed
Sci. (2002) 9:299-302. doi: 10.1159/000064999

9. Zhou Y, Zhang J, Guan Q, Tao X, Wang J, Li W. The role of ferroptosis in the
development of acute and chronic kidney diseases. J Cell Physiol. (2022) 237:4412-27.
doi: 10.1002/jcp.30901

10. Hermann D, Heinz A, Mann K. Dysregulation of the hypothalamic-pituitary-
thyroid axis in alcoholism. Addiction. (2002) 97:1369-81. doi: 10.1046/j.1360-
0443.2002.00200.x

11. Balhara YP, Deb KS. Impact of alcohol use on thyroid function. Indian ]
Endocrinol Metab. (2013) 17:580-7. doi: 10.4103/2230-8210.113724

12. Ylikahri RH, Huttunen MO, Harkonen M. Hormonal changes during alcohol
intoxication and withdrawal. Pharmacol Biochem Behav. (1980) 13 Suppl 1:131-7.
doi: 10.1016/S0091-3057(80)80021-9

13. Gabriel K, Hofmann C, Glavas M, Weinberg J. The hormonal effects of alcohol
use on the mother and fetus. Alcohol Health Res World. (1998) 22:170-7.

14. Guo Z, Li M, Han B, Qi X. Association of non-alcoholic fatty liver disease with

thyroid function: A systematic review and meta-analysis. Dig Liver Dis. (2018) 50:1153-
62. doi: 10.1016/.d1d.2018.08.012

Frontiers in Nephrology

11

10.3389/fneph.2024.1322791

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneph.2024.1322791/
full#supplementary-material

15. Rachdaoui N, Sarkar DK. Pathophysiology of the effects of alcohol abuse on the
endocrine system. Alcohol Res. (2017) 38:255-76.

16. Haddad JJ. Alcoholism and neuro-immune-endocrine interactions:
physiochemical aspects. Biochem Biophys Res Commun. (2004) 323:361-71.
doi: 10.1016/j.bbrc.2004.08.119

17. Hegedus L, Rasmussen N, Ravn V, Kastrup J, Krogsgaard K, Aldershvile J.
Independent effects of liver disease and chronic alcoholism on thyroid function and
size: the possibility of a toxic effect of alcohol on the thyroid gland. Metabolism. (1988)
37:229-33. doi: 10.1016/0026-0495(88)90100-X

18. Hegedus L. Decreased thyroid gland volume in alcoholic cirrhosis of the liver. J Clin
Endocrinol Metab. (1984) 58:930-3. doi: 10.1210/jcem-58-5-930

19. Valeix P, Faure P, Bertrais S, Vergnaud AC, Dauchet L, Hercberg S. Effects of
light to moderate alcohol consumption on thyroid volume and thyroid function. Clin
Endocrinol (Oxf). (2008) 68:988-95. doi: 10.1111/j.1365-2265.2007.03123.x

20. Melander A, Thorell ], Wadstein J. Alteration of thyroid hormone economy
during alcohol withdrawal in alcoholics. Drug Nutr Interact. (1982) 1:113-8.

21. Kolakowska T, Swigar ME. Thyroid function in depression and alcohol abuse: a
retrospective study. Arch Gen Psychiatry. (1977) 34:984-8. doi: 10.1001/
archpsyc.1977.01770200122018

22. Loosen PT, Wilson IC, Dew BW, Tipermas A. Thyrotropin-releasing hormone
(TRH) in abstinent alcoholic men. Am J Psychiatry. (1983) 140:1145-9. doi: 10.1176/
ajp.140.9.1145

23. Agner T, Hagen C, Nyboe Andersen B, Hegedus L. Pituitary-thyroid function
and thyrotropin, prolactin and growth hormone responses to TRH in patients with
chronic alcoholism. Acta Med Scand. (1986) 220:57-62. doi: 10.1111/j.0954-
6820.1986.tb02730.x

24. Baumgartner A, Rommelspacher H, Otto M, Schmidt LG, Kurten I, Graf KJ,
et al. Hypothalamic-pituitary-thyroid (HPT) axis in chronic alcoholism. I. HPT axis in
chronic alcoholics during withdrawal and after 3 weeks of abstinence. Alcohol Clin Exp
Res. (1994) 18:284-94. doi: 10.1111/j.1530-0277.1994.tb00016.x

25. Mannisto PT, Vedernikova NN, Borisenko SA, Tuominen RK, Kiianmaa K,
Burov YV. Effect of chronic ethanol administration and abstinence on serum thyroid-
stimulating hormone, prolactin and growth hormone concentrations in rats with high
and low ethanol intake. Alcohol Alcohol. (1987) 22:251-6.

26. Pienaar WP, Roberts MC, Emsley RA, Aalbers C, Taljaard FJ. The thyrotropin
releasing hormone stimulation test in alcoholism. Alcohol Alcohol. (1995) 30:661-7.

27. Valimaki M, Pelkonen R, Harkonen M, Ylikahri R. Hormonal changes in
noncirrhotic male alcoholics during ethanol withdrawal. Alcohol Alcohol. (1984)
19:235-42.

28. Baumgartner A, Heyne A, Campos-Barros A, Kohler R, Muller F, Meinhold H,
et al. Hypothalamic-pituitary-thyroid axis in chronic alcoholism. II. Deiodinase
activities and thyroid hormone concentrations in brain and peripheral tissues of rats

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fneph.2024.1322791/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneph.2024.1322791/full#supplementary-material
https://doi.org/10.1111/acer.15121
https://doi.org/10.3390/nu15071592
https://doi.org/10.1038/s41598-021-81777-5
https://doi.org/10.1038/s41598-021-81777-5
https://doi.org/10.3390/nu14061297
https://doi.org/10.1111/acer.14112
https://doi.org/10.1007/s12291-008-0075-6
https://doi.org/10.1093/alcalc/agq082
https://doi.org/10.1159/000064999
https://doi.org/10.1002/jcp.30901
https://doi.org/10.1046/j.1360-0443.2002.00200.x
https://doi.org/10.1046/j.1360-0443.2002.00200.x
https://doi.org/10.4103/2230-8210.113724
https://doi.org/10.1016/S0091-3057(80)80021-9
https://doi.org/10.1016/j.dld.2018.08.012
https://doi.org/10.1016/j.bbrc.2004.08.119
https://doi.org/10.1016/0026-0495(88)90100-X
https://doi.org/10.1210/jcem-58-5-930
https://doi.org/10.1111/j.1365-2265.2007.03123.x
https://doi.org/10.1001/archpsyc.1977.01770200122018
https://doi.org/10.1001/archpsyc.1977.01770200122018
https://doi.org/10.1176/ajp.140.9.1145
https://doi.org/10.1176/ajp.140.9.1145
https://doi.org/10.1111/j.0954-6820.1986.tb02730.x
https://doi.org/10.1111/j.0954-6820.1986.tb02730.x
https://doi.org/10.1111/j.1530-0277.1994.tb00016.x
https://doi.org/10.3389/fneph.2024.1322791
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

Unlu et al.

chronically exposed to ethanol. Alcohol Clin Exp Res. (1994) 18:295-304. doi: 10.1111/
j.1530-0277.1994.tb00017.x

29. Baumgartner A, Eravci M, Pinna G, Hiedra L, Prengel H, Brodel O, et al. Thyroid
hormone metabolism in the rat brain in an animal model of 'behavioral dependence’ on
ethanol. Neurosci Lett. (1997) 227:25-8. doi: 10.1016/S0304-3940(97)00290-5

30. Ozsoy S, Esel E, Izgi HB, Sofuoglu S. Thyroid function in early and late alcohol
withdrawal: relationship with aggression, family history, and onset age of alcoholism.
Alcohol Alcohol. (2006) 41:515-21. doi: 10.1093/alcalc/agl056

31. Ekman AC, Vakkuri O, Ekman M, Leppaluoto J, Ruokonen A, Knip M. Ethanol
decreases nocturnal plasma levels of thyrotropin and growth hormone but not those of
thyroid hormones or prolactin in man. J Clin Endocrinol Metab. (1996) 81:2627-32.
doi: 10.1210/jcem.81.7.8675588

32. Rasmussen DD. Chronic daily ethanol and withdrawal: 5. Diurnal effects on
plasma thyroid hormone levels. Endocrine. (2003) 22:329-34. doi: 10.1385/ENDO:22:3

33. Schlienger JL. Thyroid status in fifty patients with alcoholic cirrhosis. Z
Gastroenterol. (1979) 17:452-61.

34. Honnamurthy JB, Shivashankara AR, Avinash SS, John Mathai P, Malathi M.
Effect of interaction between duration of alcohol consumption and alcohol dependence
on thyroid function test: cross sectional observational study. Indian J Clin Biochem.
(2018) 33:61-8. doi: 10.1007/s12291-017-0645-6

35. Babic Leko M, Gunjaca I, Pleic N, Zemunik T. Environmental factors affecting
thyroid-stimulating hormone and thyroid hormone levels. Int ] Mol Sci. (2021) 22
(12):6521. doi: 10.3390/ijms22126521

36. Fisher CL, Mannino DM, Herman WH, Frumkin H. Cigarette smoking and
thyroid hormone levels in males. Int J Epidemiol. (1997) 26:972-7. doi: 10.1093/ije/
26.5.972

37. Meral I, Arslan A, Him A, Arslan H. Smoking-related alterations in serum levels
of thyroid hormones and insulin in female and male students. Altern Ther Health Med.
(2015) 21:24-9.

38. Aydin LY, Aydin Y, Besir FH, Demirin H, Yildirim H, Onder E, et al. Effect of
smoking intensity on thyroid volume, thyroid nodularity and thyroid function: the
Melen study. Minerva Endocrinol. (2011) 36:273-80.

39. Malhotra S, Heptulla RA, Homel P, Motaghedi R. Effect of marijuana use on
thyroid function and autoimmunity. Thyroid. (2017) 27:167-73. doi: 10.1089/
thy.2016.0197

40. Rhee CM. The interaction between thyroid and kidney disease: an overview of
the evidence. Curr Opin Endocrinol Diabetes Obes. (2016) 23:407-15. doi: 10.1097/
MED.0000000000000275

41. Iglesias P, Bajo MA, Selgas R, Diez JJ. Thyroid dysfunction and kidney disease:
An update. Rev Endocr Metab Disord. (2017) 18:131-44. doi: 10.1007/s11154-016-
9395-7

42. Dousdampanis P, Trigka K, Vagenakis GA, Fourtounas C. The thyroid and the
kidney: a complex interplay in health and disease. Int J Artif Organs. (2014) 37:1-12.
doi: 10.5301/ija0.5000300

43. Iglesias P, Diez J. Thyroid dysfunction and kidney disease. Eur J endocrinol.
(2009) 160:503-15. doi: 10.1530/EJE-08-0837

44. Kimmel M, Braun N, Alscher MD. Influence of thyroid function on different
kidney function tests. Kidney Blood Pressure Res. (2012) 35:9-17. doi: 10.1159/000329354

45. Naguib R, Elkemary E. Thyroid dysfunction and renal function: A crucial
relationship to recognize. Cureus. (2023) 15(2). doi: 10.7759/cureus.35242

46. Greco M, Foti DP, Aversa A, Fuiano G, Brunetti A, Simeoni M. Cystatin C, a
controversial biomarker in hypothyroid patients under levothyroxine therapy:
THYRenal, a pilot cohort observational study. J Clin Med. (2020) 9:2958.
doi: 10.3390/jcm9092958

47. Michael UF, Barenberg RL, Chavez R, Vaamonde CA, Papper S. Renal handling
of sodium and water in the hypothyroid rat: Clearance and micropuncture studies. J
Clin Invest. (1972) 51:1405-12. doi: 10.1172/JCI106936

48. De Santo NG, Capasso G, Paduano C, Carella C, Giordano C. Tubular transport
processes in proximal tubules of hypothyroid rats. Micropuncture studies on isotonic
fluid, amino acid and buffer reabsorption. Pflugers Arch. (1980) 384:117-22.
doi: 10.1007/BF00584426

49. Shah M, Quigley R, Baum M. Maturation of proximal straight tubule NaCl
transport: role of thyroid hormone. Am J Physiology-Renal Physiol. (2000) 278:F596—-
602. doi: 10.1152/ajprenal.2000.278.4.F596

50. Wheatley T, Edwards O. Mild hypothyroidism and oedema: evidence for
increased capillary permeability to protein. Clin endocrinol. (1983) 18:627-35.
doi: 10.1111/j.1365-2265.1983.tb00601.x

51. Klein I, Ojamaa K. Thyroid hormone and the cardiovascular system. N Engl |
Med. (2001) 344:501-9. doi: 10.1056/NEJM200102153440707

52. Liu KL, Lo M, Canaple L, Gauthier K, Del Carmine P, Beylot M. Vascular
function of the mesenteric artery isolated from thyroid hormone receptor-E knockout
mice. ] Vasc Res. (2015) 51:350-9. doi: 10.1159/000368195

53. Ojamaa K, Klemperer JD, Klein I. Acute effects of thyroid hormone on vascular
smooth muscle. Thyroid. (1996) 6:505-12. doi: 10.1089/thy.1996.6.505

54. Villabona C, Sahun M, Gomez N, Gomez JM, Soler J, Roca M, et al. Blood
volumes and renal function in overt and subclinical primary hypothyroidism. Am ]
Med Sci. (1999) 318:277-80. doi: 10.1016/S0002-9629(15)40631-7

Frontiers in Nephrology

10.3389/fneph.2024.1322791

55. Freeston J, Gough A. Reversible myopathy and renal impairment. J R Soc Med.
(2004) 97:124-5. doi: 10.1258/jrsm.97.3.124

56. Makino Y, Fujii T, Kuroda S, Inenaga T, Kawano Y, Takishita S. Exacerbation of
renal failure due to hypothyroidism in a patient with ischemic nephropathy. Nephron.
(2000) 84:267-9. doi: 10.1159/000045587

57. Mooraki A, Broumand B, Neekdoost F, Amirmokri P, Bastani B. Reversible acute
renal failure associated with hypothyroidism: report of four cases with a brief review of
literature. Nephrology. (2003) 8:57-60. doi: 10.1046/j.1440-1797.2003.00144.x

58. Connor A, Taylor JE. Renal impairment resulting from hypothyroidism. NDT
plus. (2008) 1:440-1. doi: 10.1093/ndtplus/sfn158

59. Kreisman SH, Hennessey JV. Consistent reversible elevations of serum
creatinine levels in severe hypothyroidism. Arch Internal Med. (1999) 159:79-82.
doi: 10.1001/archinte.159.1.79

60. Montenegro J, Gonzalez O, Saracho R, Aguirre R, Gonzalez O, Martinez 1.
Changes in renal function in primary hypothyroidism. Am J Kidney Dis. (1996) 27:195-
8. doi: 10.1016/50272-6386(96)90539-9

61. Den Hollander JG, Wulkan RW, Mantel MJ, Berghout A. Correlation between
severity of thyroid dysfunction and renal function. Clin endocrinol. (2005) 62:423-7.
doi: 10.1111/j.1365-2265.2005.02236.x

62. Rhee CM, Kalantar-Zadeh K, Streja E, Carrero JJ, Ma JZ, Lu JL, et al. The
relationship between thyroid function and estimated glomerular filtration rate in
patients with chronic kidney disease. Nephrol Dial Transplant. (2015) 30:282-7.
doi: 10.1093/ndt/gfu303

63. Meuwese CL, Gussekloo J, de Craen AJ, Dekker FW, den Elzen WP. Thyroid
status and renal function in older persons in the general population. J Clin Endocrinol
Metab. (2014) 99:2689-96. doi: 10.1210/jc.2013-3778

64. Saracyn M, Lubas A, Bober B, Kowalski L, Kapusta W, Niemczyk S, et al.
Recombinant human thyrotropin worsens renal cortical perfusion and renal function
in patients after total thyroidectomy due to differentiated thyroid cancer. Thyroid.
(2020) 30:653-60. doi: 10.1089/thy.2019.0372

65. Shin DH, Lee MJ, Lee HS, Oh H]J, Ko KI, Kim CH, et al. Thyroid hormone
replacement therapy attenuates the decline of renal function in chronic kidney disease
patients with subclinical hypothyroidism. Thyroid. (2013) 23:654-61. doi: 10.1089/
thy.2012.0475

66. Sullivan JT, Sykora K, Schneiderman J, Naranjo CA, Sellers EM. Assessment of
alcohol withdrawal: the revised clinical institute withdrawal assessment for alcohol
scale (CIWA-Ar). Br ] addiction. (1989) 84:1353-7. doi: 10.1111/j.1360-
0443.1989.tb00737.x

67. Sunshine I. Methodology for analytical toxicology. Press C, editor. Cleveland:
APA (1975) 245-6. p.

68. Levey AS, Coresh ], Greene T, Marsh J, Stevens LA, Kusek JW, et al. Expressing
the modification of diet in renal disease study equation for estimating glomerular
filtration rate with standardized serum creatinine values. Clin Chem. (2007) 53:766-72.
doi: 10.1373/clinchem.2006.077180

69. Levey AS, Stevens LA, Schmid CH, Zhang Y, Castro AFIII, Feldman HI, et al. A
new equation to estimate glomerular filtration rate. Ann Internal Med. (2009) 150:604—
12. doi: 10.7326/0003-4819-150-9-200905050-00006

70. Lee H, Cashin AG, Lamb SE, Hopewell S, Vansteelandt S, VanderWeele TJ, et al.
A guideline for reporting mediation analyses of randomized trials and observational
studies: the AGReMA statement. JAMA. (2021) 326:1045-56. doi: 10.1001/
jama.2021.14075

71. Baron RM, Kenny DA. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J Pers Soc
Psychol. (1986) 51:1173-82. doi: 10.1037//0022-3514.51.6.1173

72. Gunzler D, Chen T, Wu P, Zhang H. Introduction to mediation analysis with

structural equation modeling. Shanghai Arch Psychiatry. (2013) 25(6):390.
doi: 10.3969/j.issn.1002-0829.2013.06.009

73. Rosseel Y. lavaan: An R package for structural equation modeling. J Stat
Software. (2012) 48:1-36. doi: 10.18637/jss.v048.i02

74. Kimura Y, Yamamoto R, Shinzawa M, Aoki K, Tomi R, Ozaki S, et al. Alcohol
consumption and a decline in glomerular filtration rate: the Japan specific health
checkups study. Nutrients. (2023) 15(6):1540. doi: 10.3390/nu15061540

75. Schaeffner ES, Kurth T, de Jong PE, Glynn RJ, Buring JE, Gaziano JM. Alcohol
consumption and the risk of renal dysfunction in apparently healthy men. Arch Intern
Med. (2005) 165:1048-53. doi: 10.1001/archinte.165.9.1048

76. Buja A, Scafato E, Baggio B, Sergi G, Maggi S, Rausa G, et al. Renal impairment
and moderate alcohol consumption in the elderly. Results from the Italian Longitudinal
Study on Aging (ILSA). Public Health Nutr. (2011) 14:1907-18. doi: 10.1017/
$1368980011000863

77. Chung FM, Yang YH, Shieh TY, Shin SJ, Tsai JC, Lee YJ. Effect of alcohol
consumption on estimated glomerular filtration rate and creatinine clearance rate.
Nephrol Dial Transplant. (2005) 20:1610-6. doi: 10.1093/ndt/gfh842

78. Menon V, Katz R, Mukamal K, Kestenbaum B, de Boer IH, Siscovick DS, et al.
Alcohol consumption and kidney function decline in the elderly: alcohol and kidney
disease. Nephrol Dial Transplant. (2010) 25:3301-7. doi: 10.1093/ndt/gfq188

79. Joo YS, Koh H, Nam KH, Lee S, Kim J, Lee C, et al. Alcohol consumption and
progression of chronic kidney disease: results from the korean cohort study for

frontiersin.org


https://doi.org/10.1111/j.1530-0277.1994.tb00017.x
https://doi.org/10.1111/j.1530-0277.1994.tb00017.x
https://doi.org/10.1016/S0304-3940(97)00290-5
https://doi.org/10.1093/alcalc/agl056
https://doi.org/10.1210/jcem.81.7.8675588
https://doi.org/10.1385/ENDO:22:3
https://doi.org/10.1007/s12291-017-0645-6
https://doi.org/10.3390/ijms22126521
https://doi.org/10.1093/ije/26.5.972
https://doi.org/10.1093/ije/26.5.972
https://doi.org/10.1089/thy.2016.0197
https://doi.org/10.1089/thy.2016.0197
https://doi.org/10.1097/MED.0000000000000275
https://doi.org/10.1097/MED.0000000000000275
https://doi.org/10.1007/s11154-016-9395-7
https://doi.org/10.1007/s11154-016-9395-7
https://doi.org/10.5301/ijao.5000300
https://doi.org/10.1530/EJE-08-0837
https://doi.org/10.1159/000329354
https://doi.org/10.7759/cureus.35242
https://doi.org/10.3390/jcm9092958
https://doi.org/10.1172/JCI106936
https://doi.org/10.1007/BF00584426
https://doi.org/10.1152/ajprenal.2000.278.4.F596
https://doi.org/10.1111/j.1365-2265.1983.tb00601.x
https://doi.org/10.1056/NEJM200102153440707
https://doi.org/10.1159/000368195
https://doi.org/10.1089/thy.1996.6.505
https://doi.org/10.1016/S0002-9629(15)40631-7
https://doi.org/10.1258/jrsm.97.3.124
https://doi.org/10.1159/000045587
https://doi.org/10.1046/j.1440-1797.2003.00144.x
https://doi.org/10.1093/ndtplus/sfn158
https://doi.org/10.1001/archinte.159.1.79
https://doi.org/10.1016/S0272-6386(96)90539-9
https://doi.org/10.1111/j.1365-2265.2005.02236.x
https://doi.org/10.1093/ndt/gfu303
https://doi.org/10.1210/jc.2013-3778
https://doi.org/10.1089/thy.2019.0372
https://doi.org/10.1089/thy.2012.0475
https://doi.org/10.1089/thy.2012.0475
https://doi.org/10.1111/j.1360-0443.1989.tb00737.x
https://doi.org/10.1111/j.1360-0443.1989.tb00737.x
https://doi.org/10.1373/clinchem.2006.077180
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1001/jama.2021.14075
https://doi.org/10.1001/jama.2021.14075
https://doi.org/10.1037//0022-3514.51.6.1173
https://doi.org/10.3969/j.issn.1002-0829.2013.06.009
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.3390/nu15061540
https://doi.org/10.1001/archinte.165.9.1048
https://doi.org/10.1017/S1368980011000863
https://doi.org/10.1017/S1368980011000863
https://doi.org/10.1093/ndt/gfh842
https://doi.org/10.1093/ndt/gfq188
https://doi.org/10.3389/fneph.2024.1322791
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

Unlu et al.

outcome in patients with chronic kidney disease. Mayo Clin Proc. (2020) 95:293-305.
doi: 10.1016/j.mayocp.2019.06.014

80. Kanda E, Muneyuki T, Suwa K, Nakajima K. Alcohol and exercise affect
declining kidney function in healthy males regardless of obesity: A prospective
cohort study. PloS One. (2015) 10:e0134937. doi: 10.1371/journal.pone.0134937

81. Willenbring ML, Anton RF, Spring WD Jr., Shafer RB, Dorus W. Thyrotropin
and prolactin response to thyrotropin-releasing hormone in depressed and
nondepressed alcoholic men. Biol Psychiatry. (1990) 27:31-8. doi: 10.1016/0006-3223
(90)90017-V

82. Ylikahri RH, Huttunen MO, Harkonen M, Leino T, Helenius T, Liewendahl K, et al.
Acute effects of alcohol on anterior pituitary secretion of the tropic hormones. J Clin
Endocrinol Metab. (1978) 46:715-20. doi: 10.1210/jcem-46-5-715

83. Echterdiek F, Ranke MB, Schwenger V, Heemann U, Latus J. Kidney disease and
thyroid dysfunction: the chicken or egg problem. Pediatr Nephrol. (2022) 37:3031-42.
doi: 10.1007/s00467-022-05640-z

84. Mohamedali M, Reddy Maddika S, Vyas A, Iyer V, Cheriyath P. Thyroid
disorders and chronic kidney disease. Int | Nephrol. (2014) 2014(1):520281.
doi: 10.1155/2014/520281

85. Woodward A, McCann S, Al-Jubouri M. The relationship between estimated
glomerular filtration rate and thyroid function: an observational study. Ann Clin
Biochem. (2008) 45:515-7. doi: 10.1258/acb.2008.007248

86. Huang CW, Li BH, Reynolds K, Jacobsen SJ, Rhee CM, Sim JJ. Association
between hypothyroidism and chronic kidney disease observed among an adult
population 55 years and older. Med (Baltimore). (2020) 99:e19569. doi: 10.1097/
MD.0000000000019569

87. Gopinath B, Harris DC, Wall JR, Kifley A, Mitchell P. Relationship between
thyroid dysfunction and chronic kidney disease in community-dwelling older adults.
Maturitas. (2013) 75:159-64. doi: 10.1016/j.maturitas.2013.03.009

88. WangK, Xie K, Gu L, Xu B, Chen J, Lou Q, et al. Association of thyroid function
with the estimated glomerular filtration rate in a large chinese euthyroid population.
Kidney Blood Press Res. (2018) 43:1075-83. doi: 10.1159/000491069

89. Zhang Y, Chang Y, Ryu S, Cho J, Lee WY, Rhee EJ, et al. Thyroid hormone levels
and incident chronic kidney disease in euthyroid individuals: the Kangbuk Samsung
Health Study. Int ] Epidemiol. (2014) 43:1624-32. doi: 10.1093/ije/dyul26

90. Asvold BO, Bjoro T, Vatten L]. Association of thyroid function with estimated
glomerular filtration rate in a population-based study: the HUNT study. Eur |
Endocrinol. (2011) 164:101-5. doi: 10.1530/EJE-10-0705

91. Mariani LH, Berns JS. The renal manifestations of thyroid disease. ] Am Soc
Nephrol. (2012) 23:22-6. doi: 10.1681/ASN.2010070766

Frontiers in Nephrology

13

10.3389/fneph.2024.1322791

92. Sellitti DF, Akamizu T, Doi SQ, Kim GH, Kariyil JT, Kopchik JJ, et al. Renal
expression of two 'thyroid-specific' genes: thyrotropin receptor and thyroglobulin. Exp
Nephrol. (2000) 8:235-43. doi: 10.1159/000020674

93. Dutton CM, Joba W, Spitzweg C, Heufelder AE, Bahn RS. Thyrotropin receptor
expression in adrenal, kidney, and thymus. Thyroid. (1997) 7:879-84. doi: 10.1089/
thy.1997.7.879

94. Nagayama Y, Chazenbalk GD, Takeshita A, Kimura H, Ashizawa K, Yokoyama
N, et al. Studies on homologous desensitization of the thyrotropin receptor in 293
human embryonal kidney cells. Endocrinology. (1994) 135:1060-5. doi: 10.1210/
endo.135.3.8070347

95. Del Compare JA, Aguirre JA, Ibarra FR, Barontini M, Armando I. Effects of
thyroid hormone on the renal dopaminergic system. Endocrine. (2001) 15:297-303.
doi: 10.1385/ENDO:15:3

96. Wang W, Li C, Summer SN, Falk S, Schrier RW. Polyuria of thyrotoxicosis:
downregulation of aquaporin water channels and increased solute excretion. Kidney
Int. (2007) 72:1088-94. doi: 10.1038/sj.ki.5002475

97. Lin HH, Tang MJ. Thyroid hormone upregulates Na,K-ATPase alpha and beta
mRNA in primary cultures of proximal tubule cells. Life Sci. (1997) 60:375-82.
doi: 10.1016/S0024-3205(96)00661-3

98. Otulakowski G, O'Brodovich H. Thyroid hormone and Na+-K+-ATPase: more
than simple transcription. Am ] Physiol Lung Cell Mol Physiol. (2007) 292:L4-5.
doi: 10.1152/ajplung.00332.2006

99. Katz Al Lindheimer MD. Renal sodium- and potassium-activated adenosine
triphosphatase and sodium reabsorption in the hypothyroid rat. J Clin Invest. (1973)
52:796-804. doi: 10.1172/JCI107243

100. Capasso G, De Tommaso G, Pica A, Anastasio P, Capasso J, Kinne R, et al.
Effects of thyroid hormones on heart and kidney functions. Miner Electrolyte Metab.
(1999) 25:56-64. doi: 10.1159/000057421

101. Donda A, Reymond F, Rey F, Lemarchand-Beraud T. Sex steroids modulate the
pituitary parameters involved in the regulation of TSH secretion in the rat. Acta
Endocrinol (Copenh). (1990) 122:577-84. doi: 10.1530/acta.0.1220577

102. Erol A, Karpyak VM. Sex and gender-related differences in alcohol use and its
consequences: Contemporary knowledge and future research considerations. Drug
Alcohol dependence. (2015) 156:1-13. doi: 10.1016/j.drugalcdep.2015.08.023

103. Whybrow PC. Sex differences in thyroid axis function: relevance to affective
disorder and its treatment. Depression. (1995) 3:33-42. doi: 10.1002/depr.3050030107

104. Unlu H, Macaron MM, Ayraler Taner H, Kaba D, Akin Sari B, Schneekloth TD,
et al. Sex difference in alcohol withdrawal syndrome: a scoping review of clinical
studies. Front Psychiatry. (2023) 14:1266424. doi: 10.3389/fpsyt.2023.1266424

frontiersin.org


https://doi.org/10.1016/j.mayocp.2019.06.014
https://doi.org/10.1371/journal.pone.0134937
https://doi.org/10.1016/0006-3223(90)90017-V
https://doi.org/10.1016/0006-3223(90)90017-V
https://doi.org/10.1210/jcem-46-5-715
https://doi.org/10.1007/s00467-022-05640-z
https://doi.org/10.1155/2014/520281
https://doi.org/10.1258/acb.2008.007248
https://doi.org/10.1097/MD.0000000000019569
https://doi.org/10.1097/MD.0000000000019569
https://doi.org/10.1016/j.maturitas.2013.03.009
https://doi.org/10.1159/000491069
https://doi.org/10.1093/ije/dyu126
https://doi.org/10.1530/EJE-10-0705
https://doi.org/10.1681/ASN.2010070766
https://doi.org/10.1159/000020674
https://doi.org/10.1089/thy.1997.7.879
https://doi.org/10.1089/thy.1997.7.879
https://doi.org/10.1210/endo.135.3.8070347
https://doi.org/10.1210/endo.135.3.8070347
https://doi.org/10.1385/ENDO:15:3
https://doi.org/10.1038/sj.ki.5002475
https://doi.org/10.1016/S0024-3205(96)00661-3
https://doi.org/10.1152/ajplung.00332.2006
https://doi.org/10.1172/JCI107243
https://doi.org/10.1159/000057421
https://doi.org/10.1530/acta.0.1220577
https://doi.org/10.1016/j.drugalcdep.2015.08.023
https://doi.org/10.1002/depr.3050030107
https://doi.org/10.3389/fpsyt.2023.1266424
https://doi.org/10.3389/fneph.2024.1322791
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

	Bidirectional negative relationship between thyrotropin and kidney function during alcohol intoxication in males
	1 Introduction
	2 Methods
	2.1 Patients and data collection
	2.2 Statistical analysis

	3 Results
	3.1 Demographics
	3.2 Reasons for hospitalization
	3.3 Comorbid medical and psychiatric conditions
	3.4 Hospital course, including ICU admission, laboratory results, and mortality
	3.5 Relationship between BAC, TSH, and eGFR

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest 
	Publisher’s note
	Supplementary material
	References


