
        

          

p p e_1070 93..101 
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Sum m ary 

Mat ernal d iet and nut r it ion have been t hough t t o p lay a ro le in m any ch ildhood 

cond it ions. St ud ies using f ood f requency q uest ionnaires (FFQ) have repor t ed associat ions 

w it h m at ernal d iet , b ut t hese f ind ings are d if f icult t o in t erp ret because t he reliab ilit y 

and valid it y o f t he FFQs f o r d iet dur ing a past p regnancy are no t know n. We 

det erm ined t he rep roducib ili t y o f repor t ed d iet and supp lem ent use dur ing a p ast 

p regnancy in a sub set o f m o t hers in t erview ed f o r a case –con t ro l st udy o f m at ernal d iet 

in relat ion t o t he r isk o f ch ildhood b rain t um ours. Cases were Ch ild ren ’s Onco logy 

Group p at ien t s, d iagnosed at age 6 w it h m edullob last om a o r p r im it ive neuroect oderm al 

t um our f rom 1991 t o 1997. Area code, race/et hn icit y, and b ir t h dat e m at ched 

con t ro ls w ere select ed b y random -d igit -d ialling. 

Case and con t ro l m ot hers com p let ed a m od if ied Willet t FFQ a m ean o f 5 years af t er 

t he index ch ild ’s b ir t h .A m ean o f 3.6 m ont hs lat er , a subset o f m o t hers consist ing o f 52 

case and 51 con t ro l m o t hers repeat ed t he in t erv iew ; t hese com pr ise t he rep roducib ili t y 

st udy pop ulat ion . The m ean in t ra-class cor relat ion w as 0.59 (range 0.41, 0.69) f o r 

energy-ad just ed nut r ien t s f rom d iet ary sources on ly; it w as 0.41 (range 0.06, 0.70) w hen 

supp lem ent s w ere included . Agreem ent f o r rep or t ing m ult iv it am in use dur ing p regnancy 

by t im e per iod and pat t ern w as good t o very good (kap pa =  0.66–0.85). Overall, 

t he rep rod ucib ilit y o f nut r ien t est im at es and sup p lem ent use in p regnancy w as good 

and sim ilar t o t hat r epo r t ed f o r adult d iet . 

Keywords: diet, food frequency questionnaire, previous pregnancy, reproducibility, dietary 

supplements. 

In t roduct ion 

Mat ernal nut r it ion and d iet have been t hough t t o p lay a ro le in m any com m on 

ch ildhood cond it ions includ ing allergy, ast hm a, cogn it ive developm ent and obesit y,1–4 w it h 

m ost f ind ings com ing f rom cohor t st ud ies. Mat ernal nut r it ion m ay also af f ect t he r isk o f less 

com m on d iseases o f ch ildhood , w here ret rospect ive assessm ent o f d iet using case–con t ro l 

designs w ill be necessary. For d iseases such as ch ildhood cancers, because t hey are rare and 



               

             

             

         

           

             

               

            

  

            

          

              

              

             

              

               

              

               

                 

              

               

              

             

               

  

             

               

             

             

             

              

              

              

             

               

               

             

       

 

 

 

 

 

          

            

               

occur years af t er b ir t h , researchers m ust usually use a case –con t ro l st udy design and rely on 

m at ernal recall. In case–con t ro l st ud ies, aspect s o f m ot hers’ d iet and supp lem ent use dur ing 

p regnancy have been associat ed w it h t he ch ild ’s r isk o f cancer : specif ically m ult iv it am ins w it h 

low er r isk o f b rain t um ours,5–8 leukaem ia9 and neurob last om a; 10 in f req uen t eat ing o f 

veget ab les w it h h igher r isk o f ret inob last om a;11 f requen t eat ing o f f oo d s con t ain ing DNA 

t oposiom erase II inh ib it o rs w it h h igher r isk o f sp ecif ic subgroups o f in f an t leukaem ia; 12,13 and 

f requen t eat ing o f cured m eat s w it h h igher r isk o f b rain t um ours.14–17 How ever , t he veracit y o f 

t he f ind ings depends on t he rep rod ucib ili t y and valid it y o f t he ret rospect ively co llect ed 

d iet ary d at a. 

The d iet ary in f o rm at ion (excep t f o r supp lem ent use) in t hese st ud ies w as co llect ed 

using f ood f requency q uest ionnaires (FFQ),18 t he p r im ary m et hod f o r ret rospect ively assessing 

d iet in case–con t ro l st ud ies. FFQs have been f ound t o be reasonab ly rep roducib le and valid 

f o r assessing past ad ult d iet ,19–22 bu t t heir lim it at ions are also w ell know n,23 and t heir accuracy 

f o r assessing d iet dur ing a p ast p regnancy has no t been st ud ied app rop r iat ely. Id eally, 

p regnan t w om en w ould com p let e a non -FFQ d iet ary assessm ent , such as several 24 h recalls, 

and t hen com p let e t he FFQ several years lat er . Food and nut r ien t in t ake w ould be com p ared 

using t he d iet ary assessm ent t hat t ook p lace d ur ing t he p regnancy as t he ‘go ld st andard .’ 

How ever , t he sit uat ion o f a large enough group o f w om en w hose d iet w as st ud ied dur ing 

p regnancy and w ho are availab le f o r st udy several years lat er is rare. In t he absence o f t h is 

ideal sit uat ion , o t her com par isons can be m ade t hat beg in t o add ress t he accuracy o f 

repor t ing d iet dur ing a past p regnancy. How ever , w e know of on ly our p revious st udy and 

one o t her t hat evaluat ed rep rod ucib ili t y o f FFQs f o r recalled p regnancy d iet .24,25 We know of 

no p revious st ud ies on t he rep roducib ili t y o f rep or t ed sup p lem ent use d ur ing p regnancy and 

no  st ud ies t hat have d irect ly assessed valid it y o f repor t ed d iet o r sup p lem ent use dur ing a 

past p regnancy. 

In our p revious st udy o f FFQ rep rod ucib ili t y, w e concluded t hat p regnancy d iet w as 

recalled about as w ell as adult d iet generally.24 In t h is st udy, w om en w ho had com p let ed FFQs 

dur ing p regnancy w ere re-con t act ed 3–7 years lat er and asked t o com p let e t he sam e self -

adm in ist ered FFQ or a d if f eren t FFQ adm in ist ered as a t elephone in t erview . How ever , t he 

sam p le rep resen t ed a rat her select group , lim it ing t he possib ili t y o f generalising t hese result s 

t o a m ore d iverse pop ulat ion : t w o -t h ird s o f t he w om en w ere co llege graduat es, 97% w ere 

w h it e, and all had com p let ed m ult ip le FFQs dur ing t heir p regnancies as p ar t o f t heir 

par t icipat ion in a research st udy. Fur t her , our p revious analysis d id no t repor t on t he 

rep roducib ili t y o f repor t ed sup p lem ent use. To ext end t he f ind ings o f our p revious analysis, 

w e per f o rm ed a second st udy o f rep rod ucib ilit y, in w h ich m ot hers w ho h ad com p let ed a FFQ 

as par t o f t heir p ar t icipat ion in a nat ional case –con t ro l st udy o f ch ildhood b rain t um ours w ere 

re-in t erv iew ed 3 m on t hs lat er . Here, w e repor t on t he rep rod ucib ili t y o f t heir repor t ed 

nut r ien t in t ake and supp lem ent use d ur ing p regnancy. 

Met hods 

Study population 

A case–con t ro l st udy o f m edullob last om a (MB) and p r im it ive neuroect od erm al t um our 

(PNET) w as cond uct ed t o invest igat e t he ro le o f m at ernal d iet d ur ing p regnancy.26 Elig ib le 

pat ien t s w ere d iagnosed w it h MB/PNET in t he b rain bef o r e age six, bet w een 1991 and 1997, 



           

     

         

             

                   

             

       

             

             

               

                 

             

              

               

               

            

        

 

 

          

                

             

  

            

                

             

            

           

            

           

          

          

               

             

           

            

             

                 

              

            

                

            

              

                

              

             

and regist ered w it h t he Ch ild ren ’s Onco logy Group t h rough inst it ut ions p reviously af f iliat ed 

w it h t he Ch ild ren ’s Cancer Group . 

Cont ro ls w ere iden t if ied t h rough random -d igit d ialling (RDD) and ind ividually m at ched 

t o cases on area code, ch ild ’s race/et hn icit y (non -Hispan ic w h it e, non -Hispan ic b lack, o t her ) and 

ch ild ’s dat e o f b ir t h (w it h in 6 m ont hs f o r cases w it h age o f d iagnosis 1 year , w it h in 1 year f o r 

all o t hers). Det ails about t he main st udy’s exclusions have been repor t ed p reviously.26 The m ain 

st udy pop ulat ion consist ed o f 315 case–con t ro l p air s. 

Par t icipan t s in t he rep roducib ili t y st udy w ere d raw n f rom t he 146 m ot hers o f cases 

and con t ro ls w ho com p let ed t he t elephone in t erview f o r t he m ain st udy bet w een Sep t em ber 

1996 and June 1997. Th ree m ont hs af t er com p let ing t he in t erview , each o f t hese m ot hers w as 

sen t a let t er asking her t o repeat t he in t erview and o f f er ing her $20. Of t he 146 m ot hers 

elig ib le f o r t he sub -st ud y, 104 (71%) com p let ed t he second in t erview . The reasons f o r non -

par t icipat ion w ere ref usal, inab ilit y t o locat e and con t act by phone, and inab ili t y t o in t erview 

bef o re st udy ended . One case m ot her w as excluded f rom t he analysis because o f m issing d at a. 

The f inal sam p le consist ed o f 52 case m ot hers and 51 con t ro l m ot hers, in clud ing 17 m at ched 

case–con t ro l pairs. We ob t ained app roval f rom t he inst it ut ional review b oard s o f all 

par t icipat ing inst it ut ions and all p ar t icipan t s p rovided in f o rm ed consen t . 

Data collection 

Trained personnel cond uct ed t elephone in t erv iew s t hat included a m od if ied Willet t 

FFQ18 w it h 112 it em s t o assess d iet dur ing t w o t im e per iod s: t he year p r io r t o p regnancy and 

dur ing t he second t r im est er o f p regnancy. Th is analysis exam ined nut r ien t d at a f rom t he 

second t r im est er . 

Mo t hers w ere also asked about t heir use o f supp lem ent s (m ult iv it am ins, v it am in A, 

vit am in C, vit am in E, calcium , selen ium , iron , zinc and f o lat e) in t he year b ef o re and dur ing 

p regnancy. Sup p lem ent users w ere asked about durat ion and f requency o f use, w het her t hey 

w ere t akin g t he sup p lem ent w hen t hey becam e p regnan t , b rand and t ype (m ult iv it am ins), 

dose (ind ivid ual supp lem ent s), m on t h dur ing p regnancy w hen use began and ended , 

p rescr ip t ion o r non -p rescr ip t ion (m ult iv it am ins). If t he m ot her rem em bered on ly par t o f t he 

b rand /t ype o f p renat al m ult iv it am in , t he in t erview er read com m on p roduct nam es con t ain ing 

t he rem em bered w o rd s f rom a list t o p rom p t f ur t her recall. 

The m icronut r ien t con t en t o f m ult iv it am ins w as assigned based on b rand /t ype.18When 

t he b rand /t ype w as no t know n o r no t in t he d at abase, t he m ult iv it am in w as cat ego r ised as 

p rescr ip t ion o r non -p rescr ip t ion , p renat al o r regular , b ased on t he answ ers t o t he relevan t 

quest ions. A p rescr ip t ion p renat al m ult iv it am in o f unknow n b rand and a non -p rescr ip t ion 

p renat al m ult iv it am in o f unknow n b rand w ere assigned m icronut r ien t am oun t s t yp ical in t he 

years o f t he index p regnancies.27–29 Fo r single m icronut r ien t sup p lem ent s, w e used t he dose 

repor t ed by t he m ot her o r , if no t know n, a t yp ical dose (500 m g vit am in C, 400 In t ernat ional 

Un it s (IU) v it am in E, 400 m g f o lat e, 60 m g iron and 200 m g calcium ). 

To det erm ine w het her a supp lem ent w as used close t o concep t ion , bef o re m ost 

w om en knew t hey w ere p regnan t , w e asked m ot hers w ho repo r t ed use in t he year bef o re t he 

p regnancy w het her t hey w ere t aking t he sup p lem ent w hen t hey becam e p regnan t . Mot hers 

w ho answ ered yes w ere considered t o have used t he sup p lem ent close t o concep t ion . Som e 

m ot hers w ho d id no t repor t use in t he year bef o re p regnancy st at ed t hey w ere t aking t he 

supp lem ent bef o re t he p regnancy began , in response t o t he quest ion about w hen dur ing t he 

p regnancy use st ar t ed . These m ot hers w ere considered t o have close t o concep t ion usage. 



 

  

            

                  

             

               

             

        
 

    

            

                

            

        

             

              

              

               

             

             

             

              

           

 

     

           

              

            

            

            

             

             

          

 

 

          

                

               

             

           

               

                 

            

             

                 

Statistical analyses 

Analyses w ere per f o rm ed f o r case and con t ro l m ot hers com b ined and separat ely using 

sas version 9.1 so f t w are (SAS Inst it ut e Inc., Cary, NC, USA) and spss Base 12.0 (SPSS Inc., Ch icago , IL, 

USA). Daily in t ake o f select ed m icronut r ien t s f rom f ood w as calculat ed b y sum m ing t he 

con t en t across all f ood s. The Willet t FFQ st and ard por t ion 18 w as assum ed as por t ion sizew as no t 

co llect ed . Nut r ien t in t akew as est im at ed f rom f ood on ly and f rom f ood p lus supp lem ent s and 

t he est im at es w ere energyad just ed using t he residual m et hod .30 

Rep roducib ilit y o f nut r ien t est im at es 

In t ra-class cor relat ions (ICC) and 95% con f idence in t ervals [CI] w ere calculat ed t o assess 

t he rep rod ucib ilit y o f est im at es o f nut r ien t in t ake f rom t he FFQs in t he f ir st (FFQ1) and second 

(FFQ2) in t erview s. These m easures w ere calculat ed f o r crude and energyad just ed est im at es o f 

in t ake f rom f ood on ly and f ood p lus sup p lem ent s. 

We also assessed t he rep rod ucib ilit y o f q uar t iles o f nut r ien t in t ake using t he w eigh t ed 

kap pa (k) coef f icien t , w h ich accoun t s f o r t he ord inalit y o f t he q uar t iles. Quar t ile w as assigned 

based on t he d ist r ibut io n o f nut r ien t in t ake am ong case and con t ro l m o t hers com b ined f o r 

analyses o f all m o t hers, and based on t he d ist r ib ut ion o f case m ot hers on ly and con t ro l 

m o t hers on ly f o r separat e analyses. Exact and ad jacen t q uar t ile agreem ent w as calculat ed f o r 

each nut r ien t (crude and energyad just ed ) using FFQ1 as t he ref erence. The observed quar t ile 

agreem ent w as com pared w it h t he expect ed agreem ent o f 0.25 f o r exact quar t ile agreem ent 

and 0.625 f o r ad jacen t q uar t ile agreem ent using a one -sam p le p ropo r t ion t est w it h alph a set 

at 0.001 because o f t he large num ber o f st at ist ical t est s per f o rm ed . 

Rep roducib ilit y o f repor t ed supp lem ent use 

The agreem ent o f repo r t ed supp lem ent use bet w een t he t w o q uest ionnaires w as 

assessed by kap pa coef f icien t s. Mult iv it am in use at any t im e dur ing t he p regnancy, use dur ing 

each por t ion o f p regnancy (around concep t ion , f ir st t r im est er , second t r im est er and t h ir d 

t r im est er ), and pat t erns o f use (never t ook m ult iv it am ins, st ar t ed t aking m ult iv it am ins around 

concep t ion and con t inued un t il deliver y, st ar t ed t aking d ur ing t he f ir st t r im est er and 

con t inued un t il delivery, and st ar t ed t aking d ur ing t he second t r im est er and con t inued un t il 

delivery, o t her ) w ere analysed . Fo r single nut r ien t supp lem ent s, on ly ‘any use dur ing t he 

p regnancy’ w as analysed because o f t he sm all num ber o f users. 

Result s 

Tab le 1 show s descr ip t ive charact er ist ics o f t he rep rod ucib ilit y st udy pop ulat ion (n = 

103). Case and con t ro l m ot hers d if f ered on ly in et hn icit y (Hispan ic: 25% o f cases vs. 4% of 

con t ro ls, P = 0.02). As t he result s in t h is repo r t d id no t change ap p reciab ly w hen t he analyses 

w ere lim it ed t o non -Hisp an ic w h it es, w e p resen t t he result s f o r all races/et hn icit ies com b ined . 

Add it ionally, no syst em at ic d if f erences bet w een case and con t ro l m ot hers w ere observed 

and , t h us, on ly result s f o r t he com b ined group o f 103 m ot hers are p resen t ed . The o r ig inal 

in t erview t ook p lace, on average, 5.0 years (range 0.3, 9.4; SD =  2.1) af t er t he index ch ild ’s b ir t h 

and t he second in t erview 3.6 m ont hs (range 2.3, 8.6; SD =  1.1) lat er . 

The rep roducib ilit y st ud y pop ulat ion o f 52 case m ot hers and 51 con t ro l m ot hers w as 

sim ilar t o t he m ain st ud y pop ulat ion o f 315 cases and 315 con t ro ls in ch ild ’s age at f ir st 



            

       

 

   

              

               

    

         

                

            

                

                

           

                 

 

  

            

             

                

                

               

     

           

               

             

              

             

              

         

           

           

                

             

                 

              

   

 

  

            

                   

            

 

   

               

             

            

in t erview , race and educat ion excep t t hat p ropo r t ionat ely, t here w ere m ore Hisp an ic case 

m ot hers in t he sub group (25% vs. 10%). 

Nutrients without supplements 

The m ean ICC f o r crude nut r ien t s w it hout sup p lem ent s w as 0.62 (range 0.45, 0.72) (Tab le 

2). Overall, t he ICCs f o r energy-ad just ed nut r ien t est im at es w ere sligh t ly low er w it h a m ean o f 

0.59 (range 0.41, 0.69). 

The exact q uar t ile agreem ent o f energy -ad just ed nut r ien t s w it hout sup p lem ent s 

ranged f rom 39% t o 54% and kapp a coef f icien t s ranged f rom 0.32 t o 0.57 (Tab le 3). The 

agreem ent s f o r all nut r ien t s excep t po lyunsat urat ed f at and vit am in B6 w ere st at ist ically 

sign if ican t ly d if f eren t f r om t he expect ed o f 0.25 at a = 0.001.At o t al o f 77–91% o f m o t hers f ell 

in t o t he sam e quar t ile o r t he ad jacen t quar t ile f o r bo t h FFQs. The ad jacen t agreem ent s f o r all 

nut r ien t s excep t po lyunsat urat ed f at an d lino leic acid w ere st at ist ically sign if ican t ly d if f eren t 

f rom t he expect ed o f 0.625 at a = 0.001. Result s w ere sim ilar f o r crude nut r ien t s (no t show n). 

Nutrients with supplements 

The m ean ICC f o r crude and energy -ad just ed nut r ien t s w it h supp lem ent s w as 0.47 

(range -0.03, 0.69) and 0.41 (range -0.06, 0.70), resp ect ively (Tab le 2). Wit h sup p lem ent s, energy-

ad just ed vit am in E (ICC = -0.02, [95% CI -0.21, 0.17]) and iron (ICC = -0.06, [95% CI -0.25 0.13]) had 

low er ICC t han w it hout sup p lem ent s and t he low est ICC of all nut r ien t s. Wit hout vit am in E and 

iron , t he m ean ICC f o r nut r ien t s w it h sup p lem ent s w as 0.49 (range 0.33, 0.70), som ew hat low er 

t han f o r nut r ien t s w it hout supp lem ent s. 

We per f o rm ed analyses o f subset s o f m ot hers t o det erm ine w het her inconsist en t 

repor t ing o f supp lem ent use con t r ibut ed t o t he low reliab ili t y f o r vit am in E and iron . Fo r 

vit am in E, in t ake includ ing sup p lem ent s w as rep rod ucib le f o r m ot hers w ho repor t ed t he sam e 

m ult iv it am in in bo t h in t erview s (n = 62, ICC = 0.71) but no t f o r t hose w h o repor t ed d if f eren t 

m ult iv it am ins (n = 39, ICC = -0.08). Four m ot hers w ho repo r t ed vit am in E supp lem ent use w ere 

excluded f rom t he sub set analyses because o f t heir sm all num ber . Sim ilar analyses f o r iron 

in t ake w it h supp lem ent s d id no t reveal an in t erp ret ab le pat t ern . 

Kappa coef f icien t s w ere sim ilar f o r crude (no t show n) and energy-ad just ed nut r ien t s 

(Tab le 3). Exact q uar t ile agreem ent f o r energy -ad just ed nut r ien t s w it h sup p lem ent s ranged 

f rom 31% t o 59% w it h kapp a coef f icien t s rang ing f rom 0.06 t o 0.59 (Tab le 3). The exact 

agreem ent s f o r all excep t vit am in E and calcium w ere st at ist ically sign if ican t ly d if f eren t f rom 

t he expect ed o f 0.25 at a = 0.001. The range f o r ad jacen t agreem ent w as 63–91%, w it h all 

st at ist ically sign if ican t ly d if f eren t f rom t he expect ed o f 0.625 (a = 0.001) excep t vit am in E, 

calcium and zinc. 

Multivitamin use 

Agreem ent f o r repor t ing any m ult iv it am in use w as 0.71 (Tab le 4). Agreem ent ranged 

f rom 0.66 t o 0.85 f o r t im e per iod o f use and f rom 0.73 t o 0.75 f o r t he t w o com m on pat t erns 

o f use. Of m ult iv it am in users, 63% (60/95) consist en t ly repo r t ed t he sam e b rand /t ype. 

Individual micronutrient supplements 

Agreem ent f o r use o f calcium and iron supp lem ent s w as 0.61 and 0.65, respect ively (Tab le 4). 

No m ot hers repor t ed t aking bet a-caro t ene, v it am in A, o r selen ium and t oo f ew repo r t ed 

t aking vit am in C, vit am in E, o r f o lic acid t o perm it separat e analyses. 



            

                   

          

 

 

               

               

          

            

              

               

             

     

               

              

             

               

            

              

               

              

             

                

               

               

                  

            

             

           

              

              

                

                 

              

              

             

              

                

               

            

            

  

               

               

         

            

Most m o t hers w ho t ook ind ividual sup p lem ent s d id no t rem em ber t heir dose. For 

exam p le, six o f t he 27 iron supp lem ent users repor t ed a dose in FFQ1 and f our o f 22 in FFQ2. 

On ly one m ot her repo r t ed t he sam e dose in bo t h quest ionnaires. 

Discussion 

Th is st udy is one o f on ly a f ew t o evaluat e t he rep rod ucib ili t y o f self -rep or t ed d iet ary 

in t ake dur ing p regnancy, 24,25 and t he f ir st t o our know ledge t o evaluat e t he rep roducib ili t y o f 

self -repor t ed sup p lem ent in t ake dur ing p regnancy. We f ound t hat ICCs f o r 

energyad just ed m nut r ien t in t ake f rom f ood alone averaged 0.59 (range 0.41, 0.69), w h ile t he 

average ICC f o r nut r ien t s includ ing sup p lem ent s w as low er , 0.41, w it h a w ider range (-0.06, 

0.70) because o f low co r relat ions f o r vit am in E and iron . We also f ound good rep rod ucib ili t y 

f o r repo r t ing o f use o f m ult iv it am ins and o f iron and calcium supp lem ent s, alt hough 

est im at ing sup p lem ent dosages w as d if f icult . 

Our ICCs f o r nut r ien t s w it hout sup p lem ent s are sim ilar t o t hose f rom t he one st udy o f 

recalled p regnancy d iet (range 0.4, 0.8)25 and t o t hose f rom st ud ies o f t he general adult 

pop ulat ion (range 0.5, 0.7).22 Our result s f o r nut r ien t s w it h sup p lem ent s are also com parab le t o 

t hose in t he general adu lt populat ion excep t f o r vit am in E and iron , par t icular ly af t er energy 

ad just m en t . The low co r relat ions f o r vit am in E w it h supp lem ent s occur red am ong m ot hers 

w ho repo r t ed d if f eren t m ult iv it am ins in t he t w o in t erview s. The vit am in E con t en t o f p renat al 

m ult iv it am ins var ied f rom 0 t o 30 IU and w as generally h igh com pared w it h t he m ed ian in t ake 

f rom f ood (9 IU) in t h is p opulat ion . Theref o re, m ult iv it am ins m ade a large con t r ibut ion t o 

vit am in E con t en t and t he inconsist en t repo r t ing o f b rand /t ype m ay exp lain t he poor 

reliab ilit y. Fo r iron , t he exp lanat ion f o r t he poor reliab ilit y is less cer t ain . It m ay be relevan t 

t hat over 20% of m o t hers repor t ed t aking a sep arat e iron sup p lem ent and t hat t he var iab ili t y 

in iron con t en t o f m ult iv it am ins w as large (40 – 120 m g) com pared w it h t he m ed ian in t ake 

f rom f ood (14 m g). The f act t hat t he crude ICC f o r iron w it h sup p lem ent s w as sim ilar t o t hose 

f o r o t her nut r ien t s and d rop ped on ly w it h energy ad just m en t suggest s m isrepo r t ing o f iro n  

supp lem ent in t ake in relat ion t o energy in t ake, an observat ion w e canno t exp lain . The 

m oderat ely h igh quar t ile agreem ent f o r energyad just ed iron w it h supp lem ent s suggest s t hat 

t he low ICC m ay be due t o m isrepor t ing by a sm all p ropor t ion o f m o t hers. 

The rep roducib ilit y o f repor t ed m ult iv it am in usew as h igh f o r any use (k = 0.71); f o r 

m ost t im e per iod s and com m on pat t erns o f use, t he agreem ent w as good t o very good (range 

0.66, 0.85).31,32We know o f no dat a on a past p regnancy w it h w h ich t o com pare our resul t s, but 

som e dat a are availab le on non -p regnan t adult s. In a st udy o f o lder ad ult s, par t icip an t s 

com p let ed a quest ionnaire t w ice, 3 m on t hs ap ar t , concern ing t heir sup p lem ent use in t he last 

10 years;33 t he ob served agreem ent w as good (k = 0.78) f o r average f req uency o f m ult iv it am in 

use. Alt hough no t about p regnancy, t he in t erval o f recall and t he f ind ing t hat m ult iv it am in 

use is rep roducib ly repo r t ed w ere sim ilar t o ours. Iron and calcium had good reliab ilit y f o r any 

use o f t hese supp lem ent s (k = 0.61 and k = 0.65, respect ively). In ano t her st udy o f o lder 

adult s, Murphy et al. ob served sim ilar levels o f rep rod ucib ili t y f o r com m on ly used single 

nut r ien t supp lem ent s,34 alt hough t he par t icip an t s repo r t ed t heir use over t he past year , un like 

our st udy. 

The m ean in t erval bet w een FFQs w as 3.6 m ont hs; t hus, our result s are likely t o ref lect 

t he rep rod ucib ilit y o f t he m ot hers’ repo r t ed d iet and no t sim p ly t heir ab ilit y t o recall t heir 

p revious responses.22 The rep roducib ili t y o f est im at es o f in t ake includ ing sup p lem en t s, 

how ever , m ay be overest im at ed f o r som e m icronut r ien t s. Mo t hers w ho d id no t rem em ber 



               

             

                

              

               

  

              

            

                

              

               

             

              

             

                

             

            

            

            

              

            

            

               

            

               

 

           

              

              

      

              

              

              

                   

            

            

                  

                

            

             

             

                

              

            

              

            

t he b rand /t ype o f m ult iv it am in t hey t ook and m ot hers w ho d id no t rem em ber t he dose o f 

t he ind ivid ual supp lem ent s t hey t ook w ere assigned doses t yp ical o f t he repor t ed p roduct s. 

Fo r exam p le, a m ot her w ho d id no t rem em ber t he b rand and nam e o f t he m ult iv it am in she 

t ook w as assigned t he sam e t yp ical doses f o r bo t h quest ionnaires. By assign ing t yp ical doses 

w hen t he dose w as unknow n, w e have overest im at ed t he sim ilar it y o f t he est im at es f rom t he 

t w o quest ionnaires. 

Our f ind ings ind icat e t hat est im at ing dosage f o r supp lem ent s in a past p regnancy is 

p rob lem at ic. In ch ildhood cancer case–con t ro l st ud ies, m o t hers are asked t o repo r t t heir 

supp lem ent use d ur ing a past p regnancy, at a t im e w hen m ost are no t p regnan t , un likely t o 

be using t he sam e p rod uct as dur ing p regnancy, and t heref o re unab le t o ob t ain t he 

b rand /t ype and dose f rom t he label. Th is is clear ly a d isadvan t age in ob t ain ing accurat e dat a 

ret rospect ively. In our sam p le, less t han one-t h ird o f m ot hers repor t ing use o f single 

supp lem ent s could p rovide a dose and even f ew er repo r t ed t he sam e dose in bo t h 

quest ionnaires. Thus, our f ind ings suggest t hat q uest ionnaires on sup p lem ent use dur ing a 

p regnancy several years in t he past need no t ask about dose because it canno t be repor t ed 

reliab ly; assign ing a st andard dose w ould seem t he bet t er ap p roach . Ot her po t en t ial sources 

o f  er ro r in repo r t ing sup p lem ent use deserve d iscussion . Som e m ot hers m ay have 

inconsist en t ly repor t ed t heir use o f ind ividual supp lem ent s because t hey d id no t underst and 

t hat w e w ere asking about supp lem ent s apar t f r om m ult iv it am ins. Ano t her concern is 

det erm in ing t he b rand and t ype o f m ult iv it am in used . The quan t it ies o f nut r ien t s can vary 

w idely bet w een t he m any b rands and ind ividual p roduct s w it h in b rand s o f p renat al 

m ult iv it am ins, bo t h over -t he-coun t er and p rescr ip t ion . As a result , m isrep or t ing a b rand o r 

w it h in -b rand t ype can lead t o subst an t ial er ro r in est im at ing dose. In our st udy, f o r exam p le, 

m isrepo r t ing a b rand o r t ype great ly reduced cor relat ions f o r vit am in E. Provid ing 

pho t ographs o f t he bo t t les and t he p ills o f t he m ost com m on ly used p roduct s m igh t im p rove 

repor t ing. 

Dif f erences bet w een case and con t ro l m o t hers in reliab ili t y o f repor t ing co uld 

in t roduce d if f eren t ial b ias in t o st ud ies. How ever , our sam p le size w as no t large enough t o 

assess t he im po r t an t q uest ion o f case – con t ro l d if f erences. We hope t hat f ut ure st ud ies w it h 

larger sam p le sizes add ress t h is issue. 

Neit her our st udy nor any p r evious st ud ies have d irect ly assessed valid it y o f recall o f 

d iet dur ing a p ast p regnancy. Such a st udy w ould req uire co llect ion o f d iet ary in f o rm at ion 

using a ref eren t m et hod dur ing t he p regnancy. In our p revious w o rk, w e com pared w om en ’s 

recall o f t heir d iet dur ing a p regnancy 3–7 years in t he past w it h t heir d iet as t hey repor t ed it 

dur ing t he p regnancy.24We f ound t hat w om en recalled t heir d iet d ur ing p regnancy w it h 

sim ilar accuracy as in t he general ad ult pop ulat ion .24 Ot her st ud ies have repor t ed reasonab le 

valid it y o f FFQ d at a on d iet as long as 10–15 years in t he past .19–22 Overall, t hese st ud ies p rovide 

ind irect suppo r t f o r t he valid it y o f FFQ d at a in st ud ies on m at ernal d iet d ur ing p regnancy. 

As m ore ep idem io logical st ud ies o f ch ildhood cancer and o t her cond it ions f ocus on 

d iet and sup p lem ent use dur ing p regnancy, t he need f o r d at a d irect ly evaluat ing t he 

per f o rm ance o f d iet ary quest ionnaires is grow ing. Our dat a repo r t ed here con t r ibut e t o t he 

sparse lit erat ure on t he per f o rm ance o f an FFQ t o assess d iet d ur ing a past p regnancy. We 

observed levels o f rep roducib ili t y f o r m ost nut r ien t s sim ilar t o t hose seen f o r ad ult d iet 

generally. Dif f icult y in repor t ing b rand and dosage in f o rm at ion f o r m ult iv it am ins m ay have 

con t r ibut ed t o reduced co r relat ions f o r vit am in E, but d id no t exp lain t he low iron 

co r relat ions. Mot hers’ use o f m ult iv it am ins, includ ing t im ing and p at t erns o f use, and 



            

              

            

 

 

 

               

            

                

             

               

  

            

              

           

 

 

 
                   

                  

 

 

                 

      

 

                  

 

 

                 

      

 

                 

             

 

                  

           

 

                   

             

    

 

                

              

        

 

                   

              

 

 

                  

    

 

                   

             

   

 

com m on ind ivid ual sup p lem ent s w as reliab ly rep or t ed . Our result s ind icat e t hat dat a on 

m at ernal in t ake o f m ost nut r ien t s and com m on sup p lem ent s d ur ing a past p regnancy can be 

rep roducib ly co llect ed in case–con t ro l st ud ies o f ch ildhood cancers and o t her rare ch ildhood 

d iseases. 
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(SD) Min, max
Table 1. Descriptive characteristics of the
103 mothers in the reproducibility study of
reported nutrient intake

Characteristic

Tlffie interval between FFQl and FFQ2 (months)
Tlffie interval between child's birth and FFQl (years)
Mother's age at time of child's birth (years)
Mother's race/ethnicity

White
Hispanic
Black
Asian

Mother's education
Less than high school
High school
Some post-high school
College graduate
Professional or graduate degree

FFQ food frequency questionnaire.

3.6 (1.1)
5.0 (2.1)

29.2 (5.6)

2.3,8.6
0.3,9.4

16.7,40.9

%(n)

80 (83)
14 (14)
4 (4)
2 (2)

12 (12)
24 (25)
29 (30)
26 (27)

9 (9)

32. Land is JR, Koch GG. The m easurem ent o f ob server agreem en t f o r cat egor ical d at a. Biometrics 1977; 33:159– 

174. 

33. 	Sat ia-Ab out a J, Pat t erson RE, King IB, St rat t on KL, Shat t uck AL, Kr ist al AR, et al. Reliab ilit y and valid it y o f self -

rep or t o f vit am in and m ineral sup p lem en t use in t he vit am ins and lif est yle st udy. American Journal of 

Epidemiology 2003; 157:944–954. 

34. 	Murp hy SP, Wilkens LR, Hankin JH, Foot e JA, Monroe KR, Hend erson BE, et al. Com p ar ison o f t w o inst rum en t s 

f o r q uan t if y ing in t ake o f vit am in and m ineral sup p lem en t s: a b r ief q uest ionnaire versus t hree 24-hour 

recalls. American Journal of Epidemiology 2002; 156:669–675. 



 

2. Intra-dass correlations (ICC) of nutrients without and with supplements among mothers in the reproducibility study (n ;;;; 103)

Without supplements With supplements

Nutrient

Calories (kcal)
Animal fat (g)
Vegetable fat (g)
Saturated fat (g)
Monosaturated fat (g)

Polyunsaturated fat (g)
linoleic acid (g)
Oleic acid (g)

Omega Hatty acids (g)
Protein (g)
Animal protein (g)
Otolesterol (mg)
Carlmhydrate (g)
Dietary fibre (g)

Alcohol (g)
Vitamin A (IU)
Retinol (IU)
Thiamine (mg)
Riboflavin (mg)
Vitamin 56 (mg)
Vitamin 512 (mg)
Vitamin C (ill)
Vitamin D (IU)
Vitamin E (ill)
Calcium (mg)
Iron (mg)
Zinc (mg)
Folate (mg)

ill, International Units.

Energy adjusted
ICC [95%0]

0.59 [0.59, 0.7OJ
0.63 [0.50, O.73J
0.63 [0.49, O.73J
0.67 [055, 0.77]
0.42 [024, O.56J
0.44 [027, O.59J
0.68 [056, 0.77]
0.66 [054, 0.76J
0.63 [0.49, O.73J
0.59 [0.45, 0.7OJ
0.65 [052, O.75J
057 [0.42, O.69J
0.64 [051, 0.74J
0.63 [0.49, O.73J
051 [0.35,O.64J
054 [0.38, O.66J
058 [0.44, 0.7OJ
054 [0.39, 0.67J
057 [0.42, O.69J
0.61 [O.48,O.72J
0.65 [0.53, O.75J
058 [0.44, O.69J
051 [0.36,O.64J
0.63 [0.50, O.73J
0.50 [0.34, O.63J
051 [0.35,0.64J
0.69 [058, O.78J

Unadjusted
ICC [95% Cij

0.63 [0.50, O.73J
0.64 [051, 0.74J
0.70 [0.59, O.79J
0.69 [057, O.79J
0.68 [056, 0.77]
0.64 [051, 0.74J
0.64 [0.51, 0.74J
0.68 [056, 0.77]
0.72 [0.61, O.80J
0.68 [0.48, O.72J
0.61 [0.47, O.72J
0.62 [0.49, O.73J
0.60 [0.46, O.71J
0.62 [0.48, O.72J
0.62 [0.49, O.73J
0.58 [0.43, O.69J
0.56 [0.41, O.68J
0.57 [0.42, O.68J
0.63 [0.50, O.73J
0.61 [0.48, O.72J
0.65 [0.52, O.75J
0.67 [0.52, O.75J
0.65 [0.53, O.75J
0.56 [0.41, O.68J
0.67 [055, 0.76]
0.50 [0.34, O.63J
0.54 [0.39, O.66J
0.68 [0.56, 0.77]

Energy adjusted
ICC [95% Cij

052 [0.37, 0.65]
055 [0.40, 0.67]
0.33 [0.14, 0.49]
0.42 {025, 0.57]
0.70 (0.58, 0.78]
055 [0.40, 0.67]
0.48 {0.32, 0.62]
051 [0.35,0.64]

-0.02 {-o.28, 026J
0.44 [0.27, 0.58]

-0.06 [-0.25, 0.13J
0.49 [0.33, 0.62]
0.46 [0.30, 0.60]

Unadjusted
ICC [95% Cij

0.58 [0.44, 0.70J
0.56 [0.41, 0.68)
0.32 [0.14, 0.49J
0.46 [029, 0.6OJ
0.69 [058, 0.78)
0.59 [0.45, 0.70J
0.48 [0.32, 0.62J
051 [0.35,O.64J
0.04 [-0.27, 027]
0.43 [026, 0.57]
0.65 [052, O.75J
0.46 [0.30, 0.6OJ
0.47 [0.30, 0.6OJ



 

3. Energy-adjusted nutrient agreement for quartiles of intake among mothers in the reproducibility study (n = 103)-

Without supplements With supplements

Weighted kappa Ex"'" Adjacent Weighted kappa Exact Adjacent
Nutrients [95% CI] agreement" agreement" [95%CIJ agreement" agreement"

Animal fat (g) 0.49 [0.37, 0.6OJ 48% 91%
Vegetable fa. (g) 0.48 [0.35,0.61J 52% 87%
Saturated fat (g) 0.46 [0.34, O.58J 46% 89%
Monosaturated fat (g) 057 [0.46, O.68J 55% 93%
Polyunsaturated fat (g) 027 [0.14, 0.41J 39% 78%
Linoleic acid (g) 031 [0.17,0.45J 42% 78%
Oleic acid (g) 056 [0.45, O.66J 52% 93%
Omega 3-fatty acids (g) 0.45 [0.31, 0.59J 54% 84%
Protein (g) 051 [0.39,0.62J 51% 90%
Animal protem (g) 0.46 [0.34, 059J 49% 86%
Cholesterol (mg) 0.44 [0.32, O.56J 45% 88%
Carbohydrate (g) 0.49 [0.37, 0.6OJ 49% 88%
Dietary fibre (g) 0.41 [O.28,054J 45% 84%
Alcohol (g) 0.40 [0.27, O.54J 48% 83%
Vitamin A (ill) 0.41 [O.28,053J 42% 86% 0.45 [033, 0.58] 46% 87%
Retinol (IV) 0.49 [0.35, 0.62J 56% 84% 0.36 [023, 0.50] 43% 80%
Thiamine (mg) 035 [0.22, 0.48J 40% 81% 0.41 [0.27, 0.55] 52% 80%

Riboflavin (mg) 033 [0.18,0.47] 46% 77% 0.32 [0.18, 0.47] 43% 79%
Vitamin B6 (mg) 037 [0.25, OSOJ 39% 85% 0.39 [0.26, 053] 47% 82%
Vitamin 812 (mg) 0.42 [0.28, 056J 52% 81% 0.39 [026, 0.53] 47% 85%
Vitamin C (IV) 053 [0.41, O.65J 54% 87% 0.59 [0.47, 0.70] 59% 91%
Vitamin 0 (ill) 039 [0.25, O.53J 49% 81% 0.42 [0.28, 0.55] 49% 85%
Vitamin E (ill) 038 [0.25, 052J 45% 83% 0.06 [-0.09, O.20J 31"10 63%
Calcium (mg) 0.44 [0.31, 0.57] 49% 83% 0.27 [0.12, 0.42] 39% 76%
Iron (mg) 039 [0.25, O.53J 50% 80% 0.45 [031, 059] 52% 83%
Zinc (mg) 032 [0.18, 0.46J 41% 79% 0.35 [020, 0.49] 48% 75%
Folate (mg) 0.45 [0.32, 059J 51% 85% 0.34 [0.20, 0.48] 44% 79%

-FFQl used as reference.
bExaet agreement for all nutrients except polyunsaturated fat. vitamin 56 without supplements, vitamin E with supplements and calcium
with supplements were statistically significant at a = o.eX)}.
CAdjacent agreement for aU nutrients except polywlsaturated fat;. linoleic acid, vitamin E with supplements, calcium with supplements
and zinc with supplements were statistically significant at a = 0.001.
IU, International Units. FFQ food. frequency questionnaire.



 

4. Reported supplement use before
and during pregnancy among mothers in FFQ1 FFQ2 Ag<eemenl

the reproducibility srudy (n =103)-
Supplement n % n % Kappa [95% 0]

Multivitamins any use during pregnancy 97 95% 96 94% 0.71 [0.40, 1.00]

Ttrne period
Conception 39 38% 41 40% 0.77 [0.65, 0.90]

First trimester 91 89% 90 88% 0.66 [0.42, 0.89]

Second trimester 95 93% 95 93% 0.85 [0.64, 1.00]

Third trimester 91 88% 93 90% 0.80 [0.60, 0.99]

Paltern
Never 5 5% 5 5% -'
Starting at conception 39 38% 40 39% 0.73 [0.60, 0.87]

Starting at first trimester 48 47% 47 46% 0.75 [0.62, 0.88]

Starting at second trimester 2 2% 5 5% -'
Oth", 7 7% 4 4% -"
Total 101 98% 101 98% 0.68 [0.52, 0.85]

Vitamin C 7 7% 5 5% -'
Vitamin E 3 3% 1 1% -'
Folic acid 6 6% 5 5% -"
Iron 27 26% 22 22% 0.65 [0.48, 0.82]

Calcium 18 18% 12 12% 0.61 [0.39,0.83]

-'Don't Know' responses treated as missing values.
"Not calculated due to fewer than 10 mothers reporting use.
FFQ food frequency questionnaire.




