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Capsule Summary

In a U.S. nationwide study, a high serum 5-MTHRJMFA ratio is associated with decreased

odds of asthma, increased FEW children and adults, and increased FVC in adult
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To the Editor:

Folate is a major dietary source of the methyl demeeded to form S-adenosylmethionine
(SAM) from homocysteine. Unlike folate from natuditary sources, folic acid from fortified
food or supplements requires dihydrofolate redec{B81FR) to be reduced to tetrahydrofolate
(THF), which can then be metabolized to 5-methiiateydrofolate (5-MTHF), the main
circulating folate form involved in DNA methylatiqfigure E1). Unmetabolized folic acid
(UMFA) in serum may occur when consuming excess ftid (~300 pg) that saturates DHFR

in the body.

There is inconsistent evidence of adverse effddiglio acid supplementation on asthma or
allergy in children, and little is known about fidaand asthma in adultdVe examined the
relation between serum total folate and folate baites (5-MTHF and UMFA) and current
asthma or lung function among children and aduhis participated in the National Health and
Nutrition Examination Survey (NHANES). We also istigated whether 5-MTHF to UMFA

ratio (5-MTHF/UMFA) is associated with asthma andufunction in this population.

NHANES is a cross-sectional nationwide survey cé@esentative sample of the U.S.
population. Ethnic minorities, low-income whitesid individuals 80 years and older are over-
sampled. NHANES was approved by the institutiosalew board of the CDC. Informed
consent was obtained from all study participanttaDrom subjects who participated in
NHANES 2011-2016 and who did not report being peggnwere included in the current

analysis.
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Different folate forms in serum (total folate, 5-MF, UMFA and 5-MTHF/UMFA) were
measured by isotope-dilution high performance tiqghromatography coupled to tandem mass
spectrometry (LC-MS/MS), as described in the NHAN&Sratory procedure manual

(https://lwwwn.cdc.gov/nchs/data/nhanes/2007-2008ikthods/FOLFMS_E_MET.PDF).

Current asthma was defined by a positive answbotio of the following questions: “Has a
doctor or other health professional ever told ymat tyou have asthma?”, and “Do you still have
asthma?”. Spirometry was available for subjecedla®jto 79 years who participated in
NHANES 2011-2012. Eligible participants performgiemetry following American Thoracic
Society recommendations. Percent (%) predicted,;FEVC and FE\/FVC were calculated

using Global Lung Initiative 2012 equations that@mt for age, sex, race/ethnicity, and height

Sampling weights, stratification, and clusters jaded by the NHANES were incorporated into
the analysis. Wald chi-square tests &hekts were used for bivariate analyses. The Sggarm
rank correlation coefficient (r) was used to exaartime correlation between folate metabolites.
Multivariable logistic regression was used for #malysis of quartiles of serum levels of folate
forms and current asthma. All multivariable modeése adjusted for age, gender, race/ethnicity,
annual household income, body mass index (BMldinta) or BMI z-score (in children), family
history of asthma, season of sampling, serum cwjrand (in adults) pack-years of cigarette
smoking. Because of significant linear trends m lbivariate analyses of quartiles of folate forms
and lung function measures, folate forms were ékas ordinal (continuous) variables for the
multivariable linear regression analysis of lungdtion. All statistical analyses were conducted

using the SAS SURVEY procedure and SAS 9.4 software
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The current analysis included 5,933 children (a@éal 19 years) and 12,739 adults (aged 20 to
79 years)tigure E2). Of these participants, 1,642 children and 3&0alts from NHANES
2011-2012 had spirometry data and were includeddranalysis of lung function measures. A
comparison of the characteristics of subjects wbhoevand were not included in this analysis are

shown inTable EL

Compared to children without current asthma, thvagle asthma were more likely to be non-
Hispanic black and to have a family history of assh a higher BMI z-score, a lower 5-
MTHF/UMFA, and lower FEY and FE{/FVC (Table E2). Compared to adults without current
asthma, those with asthma were more likely to beafe and non-Hispanic white or black, and
to have a family history of asthma, an annual hbalskincome <$20,000, higher BMI and pack-

years of cigarette smoking, and lower lung functimeasuresTable E2).

In children, total folate was positively and higlagrrelated with 5-MTHF (r=0.98), while the
correlation between total folate and UMFA or 5-MTHMFA was low to moderate (r=0.26 to

0.37). Similar correlations were observed in ad{f#tgure E3).

Compared to children with a 5-MTHF/UMFA level iretfirst (lowest) quartile, those whose

ratio was in the second quartile had 28% decreaddd of current asthma, but there was no
significant association between a 5-MTHF/UMFA ie third or fourth quartile and asthma
(Figure 1 andTable E3). Compared to adults with a 5-MTHF/UMFA level hetfirst quartile,
those whose ratio was in the fourth (highest) dgleanad 22% decreased odds of current asthma,

with a trend for linearity approaching statistisgjnificance (P=0.055igure 1 andTable EJ).
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Total folate, 5-MTHF, and UMFA were not associatgth current asthma in either children or
adults Table E3). Similar findings were obtained after the anaysas additionally adjusted for

alcohol consumptionT@able E4).

In children, each quatrtile increment in 5-MTHF/UMmRA&S associated with a 0.60% increment
in %predicted FEYand increased 5-MTHF and UMFA levels were assediatith decreased
FEV1/FVC (Table 1andFigure E4). In adults, total folate, 5>-MTHF, and 5-MTHF/UMF

were each positively associated with % predicte® F&hd FVC, with each quartile increment in

5-MTHF/UMFA having the strongest estimated effect&V; and FVC.

Total serum folate has been positively associatiéd surrent wheeze but not with doctor-
diagnosed asthma among U.S. children and dd@tsthe contrary, a 10 ng/ml decrement in
serum folate was associated with asthma in Perwtiddrerr. Similarly, another study showed
that adults with a total folate level in the ficgtartile had 37%-43% higher odds of doctor-
diagnosed asthma than those with a total folatel lievhe fourth quartife Our study differs

from prior reports in that we examined not onlyatdblate but also folate metabolites in serum.

As for lung function, a 10 ng/ml decrement in tdtdhte was associated with a 0.28 decrement
in FEV4/FVC z-score in a prior study of asthmatic childrem contrast, total folate was not
associated with lung function in a study of Darashilt$. In the current analysis, total folate, 5-
MTHF, and 5-MTHF/UMFA were positively associatediung function measures in adults
and 5-MTHF/UMFA was positively associated with FEV children. The magnitude of these

changes was small, and thus an overall healthynaigthave greater effects on (and be more
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relevant to) lung function than a single vitamirclsas folate. The observed negative association

between 5-MTHF or UMTFA and FEXFVC in children requires further investigation.

Independent of 5-MTHF, a higher plasma UMFA hastessociated with decreased natural
killer cell cytotoxicity in healthy adults takingdh doses of folic acid supplemehts recent
study reported that a high UMFA level in cord blogas associated with development of food
allergy in young childréh UMFA may affect folate-dependent metabolic patsvby depleting
DHFR and accumulating DHF, which reduces 5-MTHFagation and could affect DNA
methylatior. By examining the 5-MTHF/UMFA ratio, we were altbeaccount for the

intracellular balance of 5-MTHF and UMFA in assdica with asthma or lung function.

We acknowledge several limitations. First, we cdmaermine a temporal relationship between
folate metabolites and asthma or lung functiorhia tross-sectional study. Second, we lacked
data on some potential confounders such as allsegisitization. Third, we have no data on
genetic variants that may influence folate metamoli Fourth, serum folate levels may not
reflect long-term folate status, best assesseégated measures of serum folate within an
individual over time. Lastly, we could not test fateraction between total folate or folate

metabolites and other types of B vitamins or natse

In summary, we show that a high 5-MTHF/UMFA is irsgly associated with current asthma in
adults and positively associated with lung funciiochildren and adults. Our study supports

future longitudinal studies of folate metabolitasthma, and lung function.
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193 Table 1- Serum total folate and folate metaboliteand lung function measures, NHANES
194 2011-2012

195
196
197
198
199

Serum levels of folate forms

Children (n=1,642)

Adults (n=3,502)

B (95% CI), P-value

Total folate

% predicted FEY
% predicted FVC

% predicted FEVFVC

5-Methyl-tetrahydrofolate, 5-MTHF

% predicted FEY
% predicted FVC

% predicted FEVFVC

Unmetabolized folic acid, UMFA

% predicted FEY
% predicted FVC

% predicted FEVFVC

5-MTHF to UMFA ratio

% predicted FEY
% predicted FVC

% predicted FEVFVC

-0.11 (-0.97, 0.75)
0.26 (-0.56, 1.09)

-0.38 (-0.76, 0.01)

-0.15 (-1.06, 0.76)
0.25 (-0.61, 1.12)
-0.41 (-0.78, -0.04)

-0.66 (-1.52, 0.20)
-0.17 (-1.06, 0.73)
-0.52 (-0.88, -0.15)

0.60 (0.05, 1.15)
0.33 (-0.34, 1.00)
0.30 (-0.18, 0.78)

0.58(0.1G, 1.0%)’
0.55 (0.23, 0.88)
0.08 (-0.27, 0.43)

0.61 (0.10, 1.11)
0.55 (0.17, 0.92)
0.12 (-0.21, 0.45)

-0.44 (-1.08, 0.20)
-0.28 (-0.827)
-0.18 (-0.59, 0.22)

0.77 (0.10, 1.48)
0.64 (0.06, 1.23)
0.17 (-0.10, 0.44)

Models were adjusted for household income, BMIa@adin children) or BMI (in adults),
family history of asthma, season of sampling, auressthma status, serum cotinine, and (in
adults) pack-years of cigarette smoking.

"P<0.05:"P<0.01;

12



200 Figure Legends

201

202 Figure 1- Serum 5-MTHF to UMFA ratio and current asthma in children and adults

203

204 Footnote: 5-MTHF= 5-methyl-tetrahydrofolate; UMFAnmetabolized folic acid.

205 Models were adjusted for age, gender, race/etlynminual household income, BMI z-score
206 (children) or BMI (adults), family history of astlanserum cotinine, pack-years of smoking (in
207 adults), and season of sampling.

208 *P<0.05

209

210

211

212

13



Odds Ratios (95%CIl)

2.00

1.00

0.00

Children P-trend= 0.49

Q1 Q2 Q3 Q4

5-MTHF/UMFA quartiles (Q)

2.00

1.00

Odds Ratios (95% CI)

0.00

Adults P-trend= 0.05

Q1 Q2 Q3 Q4

5-MTHF/UMFA quartiles (Q)
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Table E1- Characteristics of NHANES 2011-2016 participants wh were and were not included in

the current analysis

Children (6-19 years)

Adults (20-79 years)

o Excluded
Characteristics (n=5,933) (n=12,739)  (n=1,551)
Age (years) 12.7+0.1 13.3+0.3 46.3+0.3 45.8 £ 0.6
Male gender 3037 (51.7) 244 (48.4) 6133 (48.4) @55)
Race/ethnicity

Non-Hispanic white 1545 (54.0) 79 (39.8) 4705 (66.1) 453 (56.8)
Non-Hispanic black 1503 (13.6) 120 (15.7) 353 (12.5)
Mexican American/Other Hispanic 2005 (23.6) 3166 (14.7) 482 (20.7)
Others 115 (13.6) 2012 (8.3) 263(LO.
Have health insurance coverage 5302 (90.8) 449Y90. 9957 (82.7) 1170 (78.2)
Annual household income < $20,000 1262 (15.1) 2618 (13.8) 213 (17.0)
Family history of asthma 1993 (33.8) 106 (25.5) 2702 (21.2) 229 (20.2)
Body mass index (kg/fh 22.1+£0.1 21.9+0.3 29.2+0.1 29.2+£0.1
BMI z-score 0.7 £0.03 -
Serum cotinine level (ng/ml) 10.6 +4.7 70.0+472
Pack-years of cigarette smoking 66t

Serum folate metabolites (nmol/L)
Total folate

5-Methyl-tetrahydrofolate, 5-MTHF

Unmetabolized folic acid, UMFA
5-MTHF to UMFA ratio

Folate deficiency (total folate <10 nmol/L)

50.8+0.7
47.3+0.6

505+14

60.5+0.9 62.8+2.3

442+05 4.HA+32
40.8 £0.5

41.4+3.0
1.5+072
55.3+1.5

14 (0.9)

Results are shown as mean + standard error (SEpfdmuous variables, and as N (%) for binaryatalgs.

*Available only in NHANES 2011-2012

P<0.05 for comparison of subjects who were and weténcluded in the current analysis, within eage

group.



Table E2- Characteristics of participants by asthma status ad age group, NHANES 2011-2016

Children (6-19 years)

Adults (20-79 years)

Characteristics Controls Asthma Controls Asthma
(n=5,215) (n=718) (n=11,632) (n=1,107)
Age (years) 12.7+0.1 12.8+0.1 46.3+0.4 466~
Male gender 2651 (52.0) 386 (49.9) 5763 (49.8)  (3B07Y
Race/ethnicity
Non-Hispanic white 1363 (54.2) 182 (53.0) 4228 (65.7) 477 (70.2)
Non-Hispanic black 1247 (12.7) 256 (19.9) 2567.4) 299 (13.0)
Mexican American/Other Hispanic 1809 (24.2) 98.2) 2956 (15.1) 210 (10.3)
Others 796 (9.0) 84 (7.9) 1891 (8.5) 121 (6.4)
Have health insurance coverage 4627 (90.5) 678)92. 9037 (82.4) 920 (85.8)
Annual household income < $20,000 1093 (14.8) 349%() 2296 (13.1) 322 (207)
Family history of asthma 1505 (29.1) 488 (68.8) 2179 (18.8) 523 (45.5)
Body mass index (kg/th 21.9+0.1 23.2+0%4 29.0%0.1 31.1+0%
BMI z-score 0.7 +0.03 0.9+0.1 - -
Serum cotinine level (ng/ml) 7611 55+£1.2 .Hh2.6 62.9+5.7
Pack-years of cigarette smoking - - 7.0+£0.3 806k
Serum folate metabolites (nmol/L)
Total folate 50.9+0.6 49.7+1.2 440+05 6.4+24
5-Methyl-tetrahydrofolate, 5-MTHF 475 +0.6 a&1.2 40.6 £0.5 42.8+2.3
Unmetabolized folic acid, UMFA 1.9+0.1 2.D8 20+0.1 2.1+0.2
5-MTHF to UMFA ratio 61.0+0.9 56.5+1.7 54.3+1.0 53.1+4.0
Folate deficiency (total folate <10 nmol/L) 6 (0.1) 1(0.2) 102 (0.8) 16 (1.0)
Lung function measures
Percent predicted FEV 1040+0.7 99.3+1'3 97.7+0.4 89.7+1%7
Percent predicted FVC 105.6 £ 0.7 105.0+1.4 01.3+0.3 98.3+173
Percent predicted FENFVC 98.1+0.2 94.1+0%5  96.1+0.2 90.8+ 172

Results are shown as mean + standard error (SEpfaimuous variables, and as N (%) for binaryalalgs.
BMI z-scores were calculated based on the 2000 €% growth charts

*Available only in NHANES 2011-2012

'P<0.05 orP<0.01 for comparison of subjects with asthma estrols.



Table E3 — Serum folate metabolites and currentssthma, by age group

Serum folate metabolites

Children (n=5,933)

Adults (n=12,739)

Odds ratio (95% confidencmterval),

Total folate (nmol/L)

Quartile 1 1.0 (reference) 1.0 (reference)

Quatrtile 2 1.08 (0.73, 1.62) 0.82 (0.63, 1.09)
Quatrtile 3 1.13 (0.80, 1.60) 1.08 (0.840).4
Quartile 4 1.16 (0.83, 1.63) 0.92 (0.729).1

5-Methyl-tetrahydrofolate, 5-MTHF (nmol/L)

Quartile 1 1.0 (reference) 1.0 (reference)
Quartile 2 1.21 (0.79, 1.85) 0.85 (0.65, 1.12)
Quartile 3 1.09 (0.76, 1.56) 1.04 (0.82, 1.31)
Quatrtile 4 1.15 (0.84, 1.59) 0.90 (0.69, 1.17)

Unmetabolized folic acid, UMFA (nmol/L)

Quartile 1 1.0 (reference) 1.0 (reference)
Quatrtile 2 1.12 (0.82, 1.52) 0.96 (0.738).2
Quatrtile 3 1.20 (0.91, 1.57) 1.22 (0.948).5
Quartile 4 1.16 (0.84, 1.60) 1.17 (0.902).5

5-MTHF to UMFA ratio

Quartile 1 1.0 (reference) 1.0 (reference)
Quartile 2 0.72 (0.52, 0.99) 0.87 (0.70, 1.10)
Quatrtile 3 0.85 (0.59, 1.24) 0.84 (0.65, 1.09)
Quartile 4 0.85 (0.62, 1.18) 0.78 (0.62, 0.9¢T

All models were adjusted for age, gender, racefetignannual household income, BMI z-score
(children) or BMI (adults), family history of asttanseason of sampling, serum cotinine, and (in
adults) pack-years of cigarette smoking.

"P<0.05:P of trend = 0.05



Table E4 — Serum folate metabolites and current aktna in adults, adjusting for alcohol
consumption

Serum folate metabolites Odds ratio (95% Confidencenterval)

Total folate (nmol/L)

Quartile 1 1.0 (reference)
Quatrtile 2 0.85 (0.62, 1.15)
Quatrtile 3 1.24 (0.92, 1.66)
Quartile 4 0.94 (0.70, 1.27)

5-Methyl-tetrahydrofolate, 5-MTHF (nmol/L)

Quartile 1 1.0 (reference)
Quatrtile 2 0.86 (0.64, 1.17)
Quartile 3 1.17 (0.90, 1.52)
Quartile 4 0.92 (0.68, 1.24)

Unmetabolized folic acid, UMFA (nmol/L)

Quartile 1 1.0 (reference)
Quatrtile 2 0.96 (0.69, 1.34)
Quatrtile 3 1.31 (0.98, 1.75)
Quartile 4 1.22 (0.89, 1.67)

5-MTHF to UMFA ratio

Quartile 1 1.0 (reference)
Quartile 2 0.88 (0.70, 1.13)
Quartile 3 0.82 (0.65, 1.08)
Quiartile 4 0.78(0.61, 1.00)"

All models were adjusted for age, gender, racefetignannual household income, BMI z-score
(children) or BMI (adults), family history of asttanseason of sampling, serum cotinine, and (in
adults) pack-years of cigarette smoking.

"P=0.05:'P of trend = 0.05



Online Repository Figure Legends

Figure E1 - Folate and folic acid metabolic pathway
Footnote: DHFR= dihydrofol ate reductase; SHM T=serine hydroxy-methyltransferase; 5-FCL=5-

formyltetrahydrofol ate-cyclo-ligase; MTHFR=methylenetetrahydrofol ate reductase

Figure E2 - Flowchart for selection of the partici@nts included in the current analysis.

Figure E3— Spearman rank correlation coefficient (J between serum total folate and folate

metabolites

Footnote: 5-M THF=5-methyl-tetrahyfrofolate; UMFA=unmetabolized folic acid. Two adults

with extremely high serum total folate levels were excluded from the figures for presentation

Figure E4 - Percent predicted lung function measurg by quartiles of 5-MTHF to UMFA

ratio

Footnote: 5-M THF=5-methyl-tetrahyfrofolate; UM FA=unmetabolized folic acid.
Models adjusting for household income, BMI z-score (in children) and BMI (in adults), family
history of asthma, serum level of cotinine, seasons of sampling, pack-year smoking (in adults)

and current asthma status.
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NHANES 2011-2012
Children, n=2,601
Adults, n=5,197

NHANES 2013-2014
Children, n=2,803
Adults, n=5,417

NHANES 2015-2016
Children, n=2,648
Adults, n=5,343

NHANES 2011-2016

Total children (6-19 years), n=8,052
Total adults (20-79 years), n=15,957

No positive sampling weight

children, n=300; adults, n=577

o No data on asthma status
Not eligible children, n=19; adults, n=45

No serum folate metabolite measured
children, n=1,292; adults, n=921

Currently pregnant

NHANES 2011-2016

Eligible children, n=6,441

Eligible adults, n=14,290

adults, n=124

Participants missing covariates included
in the multivariate models:

Excluded

\ 4

Annual household income
children, n=296; adults, n=735

Body mass index
children, n=44; adults, n=136

Children, n=5,933
Adults, n=12,739

Participants included in the analysis Family history of asthma

children, n=107; adults, n=265

Serum cotinine
children, n=61; adults, n=55

Pack-years of smoking
adults, n=360
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