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Dietary choline deficiency throughout adulthood induces systems-wide dysfunction and increases 
Alzheimer’s disease risk across several pathogenic axes
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• Alzheimer’s disease (AD) is a widespread and costly disease, necessitating insight 
into modifiable risk factors, such as diet, to reduce disease incidence.1 

• Choline plays key roles in body and brain function.2 

• The phosphatidylethanolamine N-methyltransferase (PEMT) enzyme in the liver 
produces choline endogenously, but is insufficient for healthy metabolic function, 
necessitating dietary intake.3 

• Choline supplementation above the adequate daily intake (ADI) has been shown to 
reduce AD pathology.4

• Low choline intake is associated with incidence of AD and dementia prevalence5

• However, ~90% of Americans do not reach the ADI. 6

• Here, we investigate the role of choline deficiency on AD pathogenesis. 

Ch- diet induced cardiac and liver pathology 

• ChN mice: standard laboratory chow diet with normal 
choline levels (ChN; 2.0g/kg), based on the human ADI

• Ch- mice: laboratory chow choline deficient (Ch-; 
0.0g/kg) diet

• All other dietary values were identical between diets
• Experimental diets were started at 3 months

Genotype Diet n/group

NonTg ChN 20

3xTg-AD ChN 15

NonTG Ch- 18

3xTG-AD Ch- 16

Genotype Diet n/group Normal NAFLD NASH

NonTG ChN 4 4 0 0

3xTG-AD ChN 4 3 1 0

Non-Tg Ch- 4 0 4 0

3xTG-AD Ch- 4 0 1 3

Plasma choline (A) and 
ACh (B) were decreased 
in both Ch- groups. (C) 
Liver PEMT levels were 
similar between all 
groups. Choline levels in 
the Hippocampus (D, Hp) 
and Cortex (E, Ctx) were 
reduced in the Ch-
groups. **** p < 0.0001
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On all days of rotarod testing, 3xTg-AD mice fell off the rotating rod (i.e., lower 
latency to fall) than non-Tg mice. Within each genotype, the Ch- mice had lower 
latency to fall than their ChN counterparts. 
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(A)Weight change over 
time. (B) Percent weight 
change from baseline 
shows greater weight 
increases in the Ch-
mice within a genotype 
compared to their ChN
counterparts. 
* p < 0.05, **** p < 
0.0001

A Ch- diet impaired glucose metabolism 

3xTg-AD mice show higher glucose levels than 
NonTg mice. Ch- mice had higher glucose levels 
than the ChN mice.  We also found a significant 
genotype by diet by time interaction and post 
hoc analysis revealed that 3xTg-AD Ch- mice 
had significantly higher glucose levels from the 
15 through 150-minute time points compared 
to their ChN counterparts (p < 0.05). NonTg Ch-
mice had higher glucose levels than their ChN
counterparts at the 15 through 60 min time 
points (p < 0.05). ** p < 0.01, *** p < 0.0001, 
**** p < 0.0001

A higher burden of Aβ pathology was present in the Hippocampus and Cortex of Ch- diet mice 

Ch- diet mice exhibited increased phosphorylated tau in the Hippocampus and Cortex

For soluble Aβ, (A) Aβ40 wasn’t significantly different in the diet groups in either the 
hippocampus (Hp) or cortex (Ctx), but (B) Aβ42 was elevated in Ch- mice in both the 
Hp and Ctx. (C) Aβ oligomers were elevated in the Hp and Ctx of Ch- mice. (D) 
Insoluble Aβ40 was elevated in the Ctx of Ch- mice, but not in the Hp. (E) Insoluble 
Aβ42 was increased in the Hp and Ctx of Ch- mice. (F) Thioflavin S staining illustrates 
Aβ plaques in the Hp and Ctx. Note, only 3xTg-AD mice were used here because 
NonTg mice do not develop pathology. * p < 0.05, ** p < 0.01, **** p < 0.0001

For soluble pTau at Ser 181 (A) 
and at Ser 396 (B), elevated levels 
were observed in the 
Hippocampus (Hp) and Cortex 
(Ctx) of Ch- mice. Insoluble pTau
Ser181 (C) was elevated in Ch-
mice compared to ChN in the Hp 
and Ctx. There was no significant 
difference in insoluble pTau Ser 
396 (D) in either brain region. 
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Unbiased stereology revealed more AT8+ cells in the Hp CA1 (E) of Ch- mice. (F) Representative images of AT8 staining CA1. Note, only 3xTg-AD mice were 
used for tau pathology. * p < 0.05, ** p < 0.01, **** p < 0.0001
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(C) Representative liver images from each group. (D) Table reporting non-alcoholic fatty liver disease 
(NAFLD) and non-alcoholic steatohepatitis (NASH) in each group. 

C. D.

A Ch- diet alters hippocampal protein networks in both NonTg and 3xTg-AD mice 

Liquid chromatography tandem mass spectrometry followed by label free quantification identified (adj. 
p-val < 0.05, -1 > Log2 FC > 1) 86 differentially abundant proteins between NonTg Ch- and NonTg ChN, 
and 249 differentially abundant proteins between 3xTg-AD Ch- and 3xTg-AD ChN. (A) 34 proteins were 
identified as differentially abundant due to Ch- in both NonTg and 3xTg-AD. (B, C) NonTg ChN vs. NonTg
Ch- and 3xTg-AD ChN vs. 3xTg- AD Ch- gene ontology (GO) biological process classification analyses. (for 
C, the top 15 biological processes are displayed based on strength of prediction).

A Ch- diet alters plasma protein networks in both NonTg and 3xTg-AD mice

Liquid chromatography tandem mass spectrometry followed by label free quantification (adj. p-val < 
0.05, -1 > Log2 FC > 1) identified 80 differentially abundant proteins between NonTg Ch- and NonTg ChN
plasma, and 70 differentially abundant proteins between 3xTg-AD ChN- and 3xTg-AD ChN plasma. (A) 
26 proteins were commonly identified as differentially abundant due to Ch- in both NonTg and 3xTg-AD 
plasma. (B,C) NonTg ChN vs. NonTg Ch- gene ontology (GO) biological process classification analysis and 
3xTg-AD ChN vs. 3xTg-AD Ch- GO molecular function classification analysis.
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Data Availability 

Proteomic data have been deposited to the
ProteomeXchange Consortium via the PRIDE partner
repository.
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• We showed that dietary choline deficiency (Ch-) throughout adulthood negatively impacts cellular and 
molecular function across a variety of biological systems. 

• Our measurements in plasma and brain tissue confirmed that Ch- resulted in significantly lower levels 
of choline. Ch- led to motor impairments, weight gain, impaired glucose metabolism, cardiac 
pathology, and hepatic disease. 

• In the brain, we found that Ch- increased Aβ and pathological tau markers in both the hippocampus 
and cortex, two areas affected in AD.7

• Our proteomic analysis of the hippocampus revealed that Ch- altered the expression of proteins 
networks related to AD pathogenesis including microtubule function and postsynaptic membrane 
regulation. Our plasma proteomic analysis, we found dysregulation of inflammatory-response and 
insulin-signaling related proteins, which corresponds to our physiological observations as well as well-
known risk factors that link the peripheral system with the aging brain. 

Together, these data illustrate the importance of adequate dietary choline intake to promote healthy 
aging across multiple bodily systems and show that Ch- poses significant health risks for a large 

majority of the American population. 
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(A) Heart weight was increased in 3xTg-AD 
compared to NonTg mice. Within each genotype, 
Ch- mice had larger hearts than ChN.  3xTg-AD 
Ch- mice showed significantly higher heart 
weight than all other groups. (B) Col1a1, Myh7, 
and Nppa, genes whose increased expression is 
associated with cardiac pathology are elevated in 
NonTg Ch- and both 3xTg-AD groups compared 
to Non-Tg ChN. * p < 0.05, ** p < 0.01, *** p < 
0.001, **** p < 0.0001
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A Ch- diet impaired motor skill on rotarod

Choline and acetylcholine (ACh) were decreased in Ch- diet groups. No significant 
differences in liver PEMT across groups, illustrating effects were due to diet regimen
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