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Whole-Exome Sequencing Identifies a Variant in
Phosphatidylethanolamine N-Methyltransferase

Gene to be Associated With Lean-Nonalcoholic Fatty
Liver Disease
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Background and aim: Nonalcoholic fatty liver disease (NAFLD) is a spectrum of liver diseases with simple
steatosis on one end and hepatocellular carcinoma on the other. Although obesity is a known risk factor
for NAFLD, individuals with normal body mass index (BMI) also have hepatic fatty infiltration, now
termed “lean-NAFLD”. It represents a distinct entity with a strong underlying genetic component. The
present study aimed to sequence the complete exonic regions of individuals with lean-NAFLD to identify
germline causative variants associated with disrupted hepatic fatty acid metabolism, thereby conferring
susceptibility to NAFLD. Methods: Whole blood was collected from patients with lean-NAFLD (n = 6;
BMI < 23.0 kg/m2) and matched lean controls (n = 2; discovery set). Liver fat was assessed using acoustic
radiation force impulse (ARFI) imaging. Patients with ultrasound-detected NAFLD (n = 191) and controls
(n = 105) were part of validation set. DNA was isolated, and whole-exome sequencing (WES) was per-
formed in the discovery cohort (Ion Proton�; Ion AmpliSeq� Exome RDY Kit). Data were analyzed
(Ion Reporter software; Life Technologies), and variants identified. Validation of variants was carried
out (Taqman probes; Real time-PCR). Student's t test and Fisher's exact test were used to analyze the
statistical significance. Results: AlthoughWES identified�74,000 variants in individual samples, using various
pipelines. variants in genes namely phosphatidylethanolamine N-methyltransferase (PEMT) and oxysterol-
binding protein-related protein10 (OSBPL10) that have roles in dietary choline intake and regulation of
cholesterol homeostasis, respectively, were identified (discovery set). Furthermore, significant differences
were noted in BMI (p = 0.006), waist/hip circumference (p > 0.001), waist/hip ratio (p > 0.001), aspartate amino-
transferase (p > 0.001), alanine aminotransferase (p > 0.001), and triglycerides (p = 0.002) between patients and
controls. Validation of variants (rs7946-PEMT and rs2290532-OSBPL10) revealed that variant in PEMTbut not
OSBPL10 gene was associated (p = 0.04) with threefold increased risk of NAFLD in lean individuals. Conclusion:
Our results demonstrate the association of rs7946 with lean-NAFLD. WESmay be an effective strategy to iden-
tify causative variants underlying lean-NAFLD. ( J CLIN EXP HEPATOL 2019;9:561–568)
Nonalcoholic fatty liver disease (NAFLD) is a condi-
tion that is characterized by hepatic fat infiltra-
tion ($5%) in the absence of alcohol
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in males). NAFLD is a spectrum of liver diseases majorly
contributing to development of hepatocellular carcinoma
(HCC)1 and has high morbidity and mortality with few
known effective treatments.2 Thus, the emphasis is on early
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detection for effective management. The prevalence of
NAFLD is 20–30% in Western countries3 and �25–30%
in India4 in the general population. The hallmark of
NAFLD is hepatic neutral lipid accumulation. Although
obesity, diabetes, age, hypertension, and hypertriglyceride-
mia are known risk factors for NAFLD, it is now known
that in 26–35% of patients, genetic factors may contribute
to the development of the disease.5,6

Obesity is a known risk factor for NAFLD; however,
fatty infiltration is encountered in individuals with
normal body mass index (BMI < 23 kg/m2) that is
now termed “lean-NAFLD” and may have strong under-
lying genetic susceptibility. The prevalence of lean-
NAFLD is �20% in India,7,8 15.2% in Japan,9 15% in
China,10 12% in Greece,11 and 12.6% in South Korea12

as well as USA.13 Lean-NAFLD may represent a distinct
entity and is the most frequent cause of cryptogenic liver
disease;14 moreover, it suggests a phenotypic distinctive-
ness that raises the possibility of a different pathophys-
iology. Previously, it was reported that 50% of lean-
NAFLD had biopsy-proven nonalcoholic steatohepatitis
(NASH), which is much higher than what has been re-
ported in general population studies.15 The biology of
lean-NASH is much similar to that of obese NASH; how-
ever, the absence of significant adiposity suggests a
phenotypic uniqueness with shared biology strongly
raising the possibility of genetic risk.

Genetic factors play a significant role in the causa-
tion of lean-NAFLD.16,17 The hepatic lipid imbalance
between availability and disposal eventually triggers
ectopic fat infiltration, leading to hepatocyte damage,
a process defined as ‘lipotoxicity’. The molecular
factors of lipotoxicity need to be identified more
precisely, unraveling the role of different free fatty
acids (FFAs) in this context.18 Some of the lead sin-
gle-nucleotide polymorphisms (SNPs) identified
through case–control and genome-wide association
studies (GWAS) are found in or near genes known
to cause dyslipidemias, thus facilitating the identifica-
tion of the functional process that governs their rela-
tionship with the lipoprotein trait. GWAS-based
identification of single-nucleotide variants (SNVs) is
an unbiased approach for discovery of genes involved
in complex genetic traits. Efforts to identify the molec-
ular basis of the disease using whole-exome sequencing
(WES) revealed several candidate variants and
appear to be responsible for the phenotype.6 In the
present study, we performed WES in a discovery
cohort of individuals with lean-NAFLD to identify
germline variants that are associated with hepatic fatty
acid metabolism, and the identified variants were vali-
dated in an independent cohort with NAFLD.
562 © 2019 Indian National Associa
METHODS

Study population
In this case–control study, a total of 304 individuals were
included and grouped into discovery and validation co-
horts. The discovery cohort included patients with (n =
6) and without (n = 2) lean-NAFLD (BMI <23 kg/m2). Liver
fat/fibrosis examination was carried out in the discovery
cohort by acoustic radiation force impulse (ARFI) imaging,
an ultrasound-based quantitative elastography technol-
ogy. A total of 191 patients with ultrasound-confirmed
NAFLD (Hepatology clinic, Asian Institute of Gastroenter-
ology, Hyderabad) and 105 controls (without fatty infiltra-
tion) were included in the validation set (Figure 1).
Anthropometric data and blood samples were collected
from all the individuals, and WES and biochemical anal-
ysis were performed. Written informed consent was ob-
tained from individuals, and the study protocol
conformed to the ethical guidelines of the 1975 Declara-
tion of Helsinki and was approved by the Institutional Re-
view (Scientific) Board.

DNA extraction and WES (discovery set)
DNA was isolated from whole blood using a commercial
kit (Bioserve Biotechnologies, Hyderabad) following the
manufacturer's protocol. Whole-exome target regions
were amplified using 100 ng of genomic DNA (gDNA)
(Ion AmpliSeq� Exome RDY kit). Individual samples
were then ligated to specific Ion Xpress� Barcode
Adapters. Libraries were amplified and purified using AM-
Pure� XP reagent to remove unamplified libraries. The
amplified libraries were quantified on Qubit� 2.0 fluo-
rometer instrument and diluted to�100 pM final concen-
tration. Two barcoded exome libraries were combined to
prepare templates and were loaded on a single Ion PI�
chip v2 (using Ion Chef), and the sequencing run was car-
ried out on Ion Proton� system.

WES data analysis
The generated AmpliSeq Exome files were aligned with hu-
man reference genome hg19, and coverage analysis was
conducted using Ion torrent� software. The AmpliSeq
Exome files (.BAM files) were uploaded from Ion torrent
server to cloud-based Ion Reporter� software. The raw
data were analyzed using Ion Reporter� software (version
5.6) with AmpliSeq exome paired (control Vs patient)
workflow. After the alignment of raw sequence data, the
variant analysis annotation was carried out applying a se-
ries of pipelines; Variant Type filter-SNV, indel, variant
effect-synonymous, missense, Functional scores-SIFT
and/or PolyPhen and/or Grantham, Homopolymer
Length #6, Zygosity-Homozygous, Allele Read-Count $
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 1 Flowchart depicting sample recruitment.
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100, Allele Ratio = 1.0, Minor Allele Frequency#0.5, Gene
Ontology (20160928) - lipid metabolic process, cholesterol
metabolic process filters were used and causal variants were
identified.

Genotyping (validation set)
All the samples from the validation set were genotyped by
Taqman single-nucleotide genotyping assay (Life Tech-
nologies, USA) on the Real-Time polymerase chain reac-
tion (PCR) platform (Step one; Life technologies). PCR
for genotyping consisted of 5 ml of 2X Taqman genotyp-
ing master mix, 0.5 ml of 1X assay mix (rs7946-PEMT,
assay ID C_26319323_10; rs2290532-OSBPL10, assay ID
C_9245965_10), and 4.5 ml consisting of 8–10 ng of
DNA in a final volume of 10 ml. PCR was performed on
Step One Real-Time PCR (Life technologies, USA) with
the following cycling conditions: 95 �C for 10 min,
95 �C for 15 s, and 60 �C for 1 min with fluorescence
read after each cycle for a total of 40 cycles. Genotyping
calls were made using the allelic discrimination software
(Life Technologies, USA), and only auto calls made by
the software were considered for further analysis. A
known heterozygous and homozygous variant sample
was replicated across all the plates, and these known ge-
notypes were verified manually during analysis in all the
plates.

Definitions
An alcohol intake of#20 mg/day in females and#30 mg/
day in males was considered as nonalcoholic as per the Eu-
ropean Association for the Study of the Liver (EASL)19 and
the American Association for the Study of the Liver
(AASLD).20 According to Asian standards, individuals
with BMI21 #22.9 kg/m2 were defined as normal and less
than 23 kg/m2 were defined as lean,7,21 and a cutoff of
Journal of Clinical and Experimental Hepatology | September–October 2019
1.2 m/s for ARFI22,23 considered normal. Waist
circumference (WC) cutoff of # 90 cm in men and #
80 cm in women24,25; cutoff for liver enzymes26 (alanine
aminotransferase [ALT] and aspartate aminotransferase
[AST]) of#30 IU/L; and a value of <150 mg/dL for triglyc-
erides, $ 40 mg/dL in males and 50 mg/dL in females for
high-density lipoprotein (HDL), were considered normal.

Statistical analysis
Demographic data were collected and entered into MS
Excel sheet for further analysis. Continuous variables
were presented as mean� standard deviation, and categor-
ical variables were presented as percentages. Goodness of
fit was used to confirm the agreement of the observed ge-
notype frequencies with those of expected (Hardy–Wein-
berg equilibrium), c2 test was used to analyze the
statistical significance. Student's t test was performed be-
tween the two groups, and Chi-square and Fisher's exact
tests were used to investigate the SNP associations between
patients and controls. The relative risk and association of
the studied SNPs with disease were expressed as odds ratio
(95% confidence interval [CI]). In this study, a P value of
#0.05 was considered statistically significant. Data were
analyzed using GraphPad Prism software and Med cal C
package.
RESULTS

Discovery cohort characteristics
The discovery cohort consisted of lean controls and pa-
tients with a mean age of 46 �1.4 and 45.7 �6.5 years
(P = 0.95) and mean BMI of 21.3 �2.4 and 21.9 �0.6 kg/
m2 (P = 0.5), respectively. There were significant differences
in the mean ARFI [0.86 �0.04 Vs 1.47 �0.12 (P = 0.005)],
ALT [18.5 �2.1 Vs 107 �53 (P = 0.06)], and AST levels
| Vol. 9 | No. 5 | 561–568 563
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[21.5 �7.8 Vs 99.5 �39.8 (P = 0.04)] between the control
and lean patient groups. The individual characteristics of
the discovery cohort are as given in Table 1.

WES data
Averagemapped read coverage in targeted regions in the six
patients and two controls was 23–51 million, with 93–95%
reads on target. The coverage mean depth was 55–136 with
77–78% uniformity, and amplicons coverage in targeted re-
gions with at least 1x and 20x was 97–98.9% and 72–85%,
respectively. Whole-exome variant analysis identified
�74,000 variants in each of lean-NAFLD individuals and
controls. Although the alignment of raw sequences to the
reference genome hg19 revealed 74,703 variants, using a se-
ries of pipelines, we narrowed down these variants to 85–
265 specific SNVs and InDels (Figure 2). Based on gene
ontology (lipid metabolic process and cholesterol meta-
bolic process), variants, namely rs7946-PEMT and
rs2290532-OSBPL10, were selected for validation. The
complete details for the variants are as given in Table 2.

Replication of discovery data in the validation
cohort
The variants identified in the discovery cohort were geno-
typed in a validation cohort comprising 296 individuals
(controls, n = 105 and patients with NAFLD, n = 191).
The mean age of the control and patients was 35.1 �11.6
and 35.5 �8.2 years, respectively, with predominantly
males. There were significant differences in the clinical
characteristics between patients and controls, as shown
in Table 3. There was no significant difference in the geno-
type frequencies of the studied variants between total pa-
tients and controls, as shown in Table 4.

Association of a variant in PEMT with lean-
NAFLD
The mean age of lean controls (n = 61) and patients with
lean-NAFLD (n = 33) was 32.4 �10.9 and 35.4 �8.0 years,
respectively, with predominantly males. There were signif-
Table 1 Demographic Data of the Discovery Cohort.

S.No. Subjects Age (Yr) Gender BMI (

1 Control-1 47 Male 22.9

2 Control-2 45 Male 19.6

3 Patients-1 41 Male 21.6

4 Patients-2 44 Male 22.3

5 Patients-3 55 Male 22.9

6 Patients-4 38 Female 21.6

7 Patients-5 52 Male 21.5

8 Patients-6 44 Male 21.4

BMI: body mass index; ALT: alanine aminotransferase; AST: aspartate amin

564 © 2019 Indian National Associa
icant differences in the clinical characteristics between the
groups, as shown in Table 5. Although there was no signif-
icant difference in the genotype frequency of the variant in
OSBPL10 gene between lean patients and controls, there
was a significant difference (p = 0.04) in the genotype fre-
quency of the variant in PEMT gene, conferring a three-
fold higher risk of the disease (95% CI, 0.9–9.9), as shown
in Table 6.
DISCUSSION

Lean-NAFLD represents a distinct subset of NAFLD, with
an evidence of hepatic steatosis on imaging but with
normal BMI. It has a unique phenotype and may carry a
poor prognosis21,27 compared with obese NAFLD, and
therefore, individuals at risk need to be identified
aggressively. Genetic variants might play a key role in
conferring susceptibility to lean-NAFLD,28,29 and
therefore, an unbiased identification of causal variant(s)
is warranted. We sequenced the complete exonic regions
of patients with fatty infiltration with a normal BMI
(lean-NAFLD) and subsequently identified and validated
two variants (rs7946-PEMT and rs2290532-OSBPL10)
related to cholesterol handling in both patients with
lean-NAFLD and general NAFLD. We report the associa-
tion of the variant in PEMT, but not that of OSBPL10
gene, with lean-NAFLD.

As is expected, there were significant differences in BMI;
WC; waist–hip ratio (W/H); and triglyceride, ALT, and AST
levels between patients with NAFLD and controls, with
higher values in the patient group. Interestingly, although
the BMI was within the normal range in both patients with
lean-NAFLD and controls, significantly higher WC andW/
H were seen in patients with lean-NAFLD than in lean con-
trols. Furthermore, significantly elevated ALT and AST
levels were also noted. This reiterates data from an earlier
study in which the risk in lean-NAFLD was attributed pri-
marily to alterations in body fat distribution as measured
by WC or W/H.30,25,9 It was further suggested that the
accumulation of visceral adipose tissue triggered ectopic
kg/m2) ARFI (m/s) ALT (IU/L) AST (IU/L)

0.88 20 27

0.83 17 16

1.6 88 65

1.3 215 178

1.6 86 87

1.4 84 88

1.5 80 84

1.4 89 95

otransferase; ARFI: acoustic radiation force impulse.

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 2 Pipelines used during analysis of whole-exome sequencing data.
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fat infiltration, leading to hepatocyte damage, and was
closely related to the progression of NASH31,32 cirrhosis
and finally to HCC. Furthermore, this unique phenotype
(lean-NAFLD) may be associated with causal variants,
and therefore, WES in this cohort is justified; to the best
of our knowledge, this is the first study that performed
WES in NAFLD in Indian population.

WES is known to generate abundant volumes of data,
and in the process, it presents the challenge of determining
variants of importance and those that need subsequent
validation.33 Although there are no standard and accepted
ways to analyze the data,34 variants with low-quality calls
and coverage score are generally excluded from further
Journal of Clinical and Experimental Hepatology | September–October 2019
analysis. Variants with good-quality Phil's Read Editor
scores and read depth have a positive effect on the overall
performance of variant calling pipelines35 and therefore
are generally included for better overall success of identi-
fying causative variants. In the present study, acceptable
base coverage, mean depth, and uniformity were main-
tained. It is a herculean task in narrowing the variants
from an initial large number, and the usual accepted
approach is to sort the variants based on variant type, ef-
fect, and coverage.36,37

By using pipelines as suggested previously to sort var-
iants generated in the discovery set, we identified two
variants, namely rs7946-PEMT and rs2290532-
| Vol. 9 | No. 5 | 561–568 565



Table 2 Details of Variants Identified in the Whole-Exome
Sequencing Analysis.

Genes PEMT OSBPL10

Locus chr17:17409560 chr3:31789582

Genotype T/T C/C

Ref C T

Allelic coverage C = 0, T = 139 T = 0, C = 398

Allelic ratio C = 0.0, T = 1.0 T = 0.0, C = 1.0

MAF 0.461 (ref) 0.459 (ref)

Type SNV SNV

Strand – –

Exon 6 5

Transcript NM_148172.2 NM_017784.4

Coding c.634G > A c.760A > G

Amino acid change p.Val212Met p.Asn254Asp

Variant effect Missense Missense

PHYLOP 0.38 0.97

SIFT 0.06 0.79

GRANTHAM 21 23

POLYPHEN 0.945 0.011

FATHMM 0.05 0.89

dbSNP rs7946 rs2290532

OSBPL10, oxysterol-binding protein-related protein10; PEMT, phospha-
tidylethanolamine N-methyltransferase; MAF, minor allele frequency;
PHYLOP, phylogenetic p-value; SIFT, sorting intolerant from tolerant;
GRANTHAM, Grantham; POLYPHEN, polymorphism phenotyping;
FATHMM, functional analysis through hidden Markov models.

Table 3 Demographic and Clinical Data of the Complete
Patient and Control Group.

NAFLD
characteristics

Controls (mean ± SD)
(n = 105)

Patients (mean ± SD)
(n = 191)

Age (yr) 35.1 � 11.6 35.5 � 8.2

Gender, male/
female (n)

98/7 182/9

BMI (kg/m2) 21.9 � 3.5 26.3 � 4.2**

Waist circumference
(cm)

81.5 � 9.4 94.3 � 10.3**

Hip circumference
(cm)

89.8 � 6.5 96.8 � 9.1**

Waist/hip ratio 0.9 � 0.06 0.98 � 0.13**

AST (IU/L) 22.8 � 5.4 70.6 � 37.3**

ALT (IU/L) 21.8 � 8.8 117.2 � 64.3**

Triglycerides
(mg/dL)

123.8 � 55.2 182.7 � 94.1*

HDL (mg/dL) 35.1 � 6.8 39 � 12.6

BMI: body mass index; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; TG: triglycerides; HDL: high-density lipoprotein; SD:
standard deviation.
**P < 0.001; *P = 0.002.
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OSBPL10. Both these variants in patients with lean-
NAFLD were found to be homozygous. Furthermore,
the variants were classified as missense and deleterious
and were known to be involved in lipid and cholesterol
metabolic processes. Based on the importance of these
variants in the context of NAFLD including lean, they
were selected for further validation. Patients with
NAFLD (with higher BMI) were also included to assess
the association of these variants with NAFLD. Replica-
tion of these variants in the validation cohort estab-
lished the association of the variant in PEMT, but not
OSBPL10, with lean-NAFLD. Although the lack of asso-
ciation of the variant in PEMT gene with obese NAFLD
is intriguing, the possibility of other gene–gene and
gene–environmental interactions in precipitating the
phenotype need to be explored.

PEMT is an enzyme that catalyzes de novo synthesis
of choline via the triple methylation of phosphatidyleth-
anolamine (PE) to form phosphatidylcholine (PC)38;
choline governs the secretion of hepatic triglycerides in
the form of very-low-density lipoprotein and has been
implicated in NAFLD.39 The PEMT rs7946 was found
to confer an enhanced risk (1.27- and 3.76-fold, respec-
tively) of NAFLD and NASH. Decrease in the activity
of PEMT reduces the availability of PC, leading to the
accumulation of fat droplets in the cytosol of hepato-
cytes.40 Although its activity is comparatively lower in
the adipose tissue, the conversion of PE to PC appears
to be important for the stabilization of lipid droplets
and normal fat distribution.41 In the present study, we
found that the variant rs7946 in PEMT gene was associ-
ated with conferring a �threefold higher risk of lean-
NAFLD; however, there was no enhanced risk for
NAFLD. An earlier study suggested that the variant
rs7946-PEMT results in a V175M substitution in the en-
coded protein that occurs more frequently in patients
with NAFLD42 and lean-NASH.43 Although it is unclear
on the role of the variant only in lean-NAFLD but not
NAFLD, further studies are warranted to elucidate its
precise contribution.

OSBPL10 plays a role in regulation of cholesterol ho-
meostasis, and Kandutsch et al.45 proposed that the oxy-
sterol mediates feedback regulation of cholesterol
biosynthesis rather than cholesterol regulating itself.44,45

In the present study, we could not replicate the
association of the variant rs2290532 in OSBPL10 genes
with either of the disease phenotypes (lean and NAFLD).

In conclusion, WES is an effective strategy to identify
potentially causative missense variants underlying lean
and NAFLD. Identifying causative variants in lean-
NAFLD particularly related to the cholesterol mechanism
may be important to identify not only at-risk individuals
for lean-NAFLD but also NAFLD in the general popula-
tion.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 4 Association Analysis for the Variants in NAFLD Group.

PEMT
(rs7946)

Wild type
(CC)

Heterozygous
(CT)

Mutant
(TT)

c2 *P-Value

Controls (n) 32 (30.5%) 49 (46.7%) 24 (22.8%) 0.21 0.89

Patients (n) 55 (28.8%) 88 (46.0%) 48 (25.2%)

OSBPL
(rs2290532)

Wild type (TT) Heterozygous (CT) Mutant (CC)

Controls (n) 24 (26.7%) 37 (41.1%) 29 (32.2%) 1.36 0.5

Patients (n) 44 (25.0%) 85 (48.3%) 47 (26.7%)

*c2 test was used.
NAFLD, nonalcoholic fatty liver disease; PEMT, phosphatidylethanolamine N-methyltransferase.

Table 5 Demographic Data of Lean-NAFLD and Lean Control Groups.

Lean-NAFLD characteristics Controls (mean ± SD)
(n = 61)

Patients (mean ± SD)
(n = 33)

Age (yr) 32.4 � 10.9 35.4 � 8.0

Gender, male/female (n) 60/1 35/0

BMI (kg/m2) 19.7 � 2.2 21.2 � 1.5**

Waist circumference (cm) 77.2 � 7.2 91.2 � 8.7**

Hip circumference (cm) 88.2 � 5.5 88.8 � 5.2

Waist/hip ratio 0.88 � 0.06 1.03 � 0.1**

AST (IU/L) 22.6 � 4.8 85.2 � 52.5**

ALT (IU/L) 20.3 � 7.5 142.8 � 71.1**

Triglycerides (mg/dL) 119.5 � 61.2 142.8 � 81.4

HDL (mg/dL) 34.2 � 6.8 37.5 � 6.5

BMI: body mass index; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TG: triglycerides; HDL: high-density lipoprotein; SD: stan-
dard deviation.
**P < 0.001.

Table 6 Association Analysis for the Variants in Lean-NAFLD Group.

PEMT (rs7946) Wild type (CC) Heterozygous (CT) Mutant (TT) aP-Value Odds ratio 95% CI

Controls (n) 18 (29.5%) 27 (44.3%) 16 (26.2%) 0.04 3.03 0.9–9.9

Patients (n) 4 (12.1%) 16 (48.5%) 13 (39.4%)

OSBPL (rs2290532) Wild type (TT) Heterozygous (CT) Mutant (CC) 0.12 1.46 0.4–5.0

Controls (n) 14 (24.6%) 25 (43.9%) 18 (31.6%)

Patients (n) 4 (12.5%) 16 (50.0%) 12 (37.5%)

NAFLD, nonalcoholic fatty liver disease; PEMT, phosphatidylethanolamine N-methyltransferase; CI, confidence interval.
aFisher's exact test.
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