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5IF� DPSSFMBUJPO� DPFDJFOUT�� XFSF� IJHIFS� JO� UIF� /*)�""31� GPS� NBKPS� OVUSJFOUT� UIBO� NPTU�QSPTQFDUJWF� DPIPSU� TUVEJFT�� 5IF�/*)�""31� DPOEVDUFE� UXP�NPSF� DBMJCSBUJPO� TUVEJFT�� POF� UP�DPSSFDU�GPS�FSSPS�JO�DPSSFMBUJPOT�CFUXFFO�UIF�CBTFMJOF�''2�BOE�EJFUBSZ�JOUBLF�PG�OJUSBUFT�BOE�OJUSJUFT
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�XJUI�UIF�MPXFTU�GUI�PG�JOUBLF�BT�UIF�SFGFSFODF�DBUFHPSZ��-FWFMT�PG�JOUBLF�JO�UIF�IJHIFTU�GUI�XFSF�DPNQBSFE�BHBJOTU�UIF�SFGFSFODF�DBUFHPSZ��7BSJBCMFT�XFSF�BMTP�BOBMZTFE�QFS���H�����LDBM�EBZ�JODSFNFOUT��5IF�JOWFTUJHBUPST� GPS� UIF�QSFTFOU� TUVEZ� DPOEVDUFE�B� TVCTUBUJPO� BOBMZTJT
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5IF�GVMMZ�BEKVTUFE�NPEFM�JODMVEFE�TFY
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� SFTVMUT�BSF�QSFTFOUFE�IFSF� GPS� UIF�NBJO�DBSEJPNFUBCPMJD�EJTFBTFT�<IFBSU�EJTFBTF
�TUSPLF
�EJBCFUFT>
�BOE�DBODFS�
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The correlation coefficient, also known as the ‘coefficient of variation’ [CV] is the result of a 
statistical analysis of the results of the food-frequency questionnaire used in a study compared to 
the results from the validation study for that FFQ. The most robust validation occurs when 7-day 
measured food records are kept by a random sample of participants in the cohort; this provides 
a more objective assessment of diet to compare the accuracy of the answers from participants in 
the FFQ. The result of these correlation analysis is a score, essentially a percentage. For example, 
if the CV for fibre was 0.58, that would indicate that the FFQ correlated to the measured food 
records by 58%. A good paper in nutritional epidemiology will state what the CV for the foods or 
nutrients of interest was, giving an idea of how the findings may relate to a more ’true’ level of 
intake of the exposure of interest. The CV varies across dietary constituents. The CV for fat and 
carbohydrate in most major cohort studies is >0.60, while the CV for micronutrients, for example 
zinc, is often <0.50. The CV is something to think about in assessing prospective cohort studies, 
because if the exposure of interest has a low CV [for example, <0.50], then it may indicate that 
the particular nutrient is prone to measurement error in that cohort. It would yield a degree 
of caution in interpreting the findings. Conversely, a CV of >0.60 would indicate a good level of 
correlation, that has sufficient granularity to capture a relationship between the exposure and 
the outcome. In the NIH-AARP, the CV for carbohydrates, fibre, fat, and saturated fat, were all 
>0.70.

3FTVMUT�����
����QBSUJDJQBOUT�<���
����NFO�BOE����
����XPNFO>�XFSF�JODMVEFE�JO�UIF�BOBMZTJT��0WFS�����NJMMJPO�QFSTPO�ZFBST�PG�GPMMPX�VQ
�XJUI�B�NFEJBO�GPMMPX�VQ�QFSJPE�PG�����ZST
����
����QFPQMF�EJFE�	�������NFO�BOE��������XPNFO
�
5IF� SBOHF� PG� SFE� NFBU� JOUBLF� XBT� GSPN� UIF� MPXFTU� PG� ���H�����LDBM� UP� IJHIFTU� PG�����H�����LDBM� <J�F�
� ������H�E� GPS� B� �
���LDBM�E� EJFU>�� 1SPDFTTFE� NFBU� SBOHFE� GSPN����H�����LDBM�UP�����H�����LDBM�
1BSUJDJQBOUT�XJUI�IJHIFS� SFE�NFBU�DPOTVNQUJPO�XFSF�NPSF� MJLFMZ� UP�CF��NBMF��OPO�)JTQBOJD�XIJUF��DVSSFOU�TNPLFST��IBWF�B�EJBHOPTJT�PG�EJBCFUFT��QPPS�UP�GBJS�QFSDFQUJPO�PG�UIFJS�IFBMUI�TUBUVT�� MFTT� QIZTJDBM� BDUJWJUZ�� MPXFS� TPDJPFDPOPNJD� TUBUVT� TDPSFT�� MPXFS� BUUBJOFE� FEVDBUJPO�MFWFMT��MPXFS�GSVJU�BOE�WFHFUBCMF�JOUBLF��IJHIFS�#.*��IJHIFS�FOFSHZ�JOUBLF��"MM�PG�UIFTF�WBSJBCMFT�XFSF� BEKVTUFE� GPS� JO� UIF� GVMMZ� BEKVTUFE� NPEFM
� UIVT� UIF� SFTVMUT� QSFTFOUFE� IFSF� TVSWJWFE�BEKVTUNFOU�GPS�UIFTF�QPUFOUJBM�DPOGPVOEFST�� �
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$PNQBSJOH�UIF�IJHIFTU�JOUBLF�PG�UPUBM�<QSPDFTTFE�BOE�VOQSPDFTTFE>�SFE�NFBU�XJUI�UIF�MPXFTU
�UIF�GPMMPXJOH�OEJOHT�XFSF�PCTFSWFE�<QBZ�BUUFOUJPO�UP�UIF�DPOEFODF�JOUFSWBMT>�
�• "MM�DBVTF�NPSUBMJUZ������JODSFBTF�JO�SJTL�<)3�����
�����$*����������>
�• $BODFS������JODSFBTF�JO�SJTL�<)3�����
�����$*����������>
�• )FBSU�EJTFBTF������JODSFBTF�JO�SJTL�<)3�����
�����$*����������>
�• 4USPLF������JODSFBTF�JO�SJTL�<)3�����
�����$*����������>
�• %JBCFUFT������JODSFBTF�JO�SJTL�<)3�����
�����$*����������>

5IF� JODSFBTF� JO� SJTL� XBT� MJOFBS� BDSPTT� RVJOUJMFT� PG� JOUBLF�� 8IFO� BOBMZTFE� TFQBSBUFMZ� BT�VOQSPDFTTFE�BOE�QSPDFTTFE�NFBU
�UIF�SFTVMUT�XFSF�TJNJMBS��"OBMZTJOH�JOUBLFT�QFS���H�����LDBM�EBZ�JODSFBTFT�JO�FJUIFS�VOQSPDFTTFE�PS�QSPDFTTFE�NFBU�BMTP�ZJFMEFE�TJNJMBS�SFTVMUT�
8IJUF�NFBU�XBT�BTTPDJBUFE�XJUI�TJHOJDBOU�SFEVDUJPOT�JO�SJTL
�DPNQBSJOH�UIF�IJHIFTU�UP�MPXFTU�RVJOUJMFT�PG�UPUBM�XIJUF�NFBU
�UIF�GPMMPXJOH�OEJOHT�XFSF�PCTFSWFE�

�• "MM�DBVTF�NPSUBMJUZ������EFDSFBTF�JO�SJTL�<)3����������$*����������>
�• $BODFS������EFDSFBTF�JO�SJTL�<)3����������$*����������>�
�• )FBSU�EJTFBTF������EFDSFBTF�JO�SJTL�<)3����������$*����������>
�• 4USPLF������EFDSFBTF�JO�SJTL�<)3����������$*����������>
�• %JBCFUFT������EFDSFBTF�JO�SJTL�<)3����������$*����������>

4VCTUJUVUJPO�BOBMZTJT�SFWFBMFE�TJNJMBS�NBHOJUVEFT�PG�SJTL�SFEVDUJPO�UIBU�PCTFSWFE�XJUI�IJHI�JOUBLFT�PG�XIJUF�NFBU
�XJUI�B�NJOJNVN�����SFEVDUJPO�JO�SJTL�GPS�UIF�EJTFBTF�PVUDPNFT�PVUMJOF�BCPWF�
*O�UIF�NFEJBUJPO�BOBMZTJT�PG�NFBU�DPOTUJUVFOUT
�UIF�GPMMPXJOH�OEJOHT�XFSF�PCTFSWFE��)FNF�JSPO� NFEJBUFE� ������ BOE� ������ PG� UIF� FFDU� CFUXFFO� QSPDFTTFE� NFBU� BOE� DBODFS� BOE�DBSEJPWBTDVMBS�EJTFBTF�<$7%>
� SFTQFDUJWFMZ��OJUSBUFT�NFEJBUFE�������BOE�������PG�UIF�FFDU�GPS� DBODFS� BOE�$7%
� SFTQFDUJWFMZ
� JOEJDBUJOH�B� TUSPOHFS� FFDU�PG� OJUSBUFT� JO�QSPDFTTFE�NFBU�UIBO� IFNF� JSPO�� 'PS� VOQSPDFTTFE� SFE� NFBU
� IFNF� JSPO� FYIJCJUFE� B� TUSPOHFS� NFEJBUJOH�FFDU
�TUBUJTUJDBMMZ�BDDPVOUJOH�GPS�GPS�������PG�UIF�SFMBUJPOTIJQ�XJUI�DBODFS
�BOE�������PG�UIF�SFMBUJPOTIJQ�XJUI�$7%�



��XXX�BMJOFBOVUSJUJPO�DPN

�(FFL�#PY��$POGPVOEFST
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There is a tendency when it comes to interpreting epidemiological findings to dismiss any related 
factor between an exposure and and outcome as a “confounder”. This ranges from over simplistic, 
to plain wrong. In order to be a confounder, a variable has to be associated with the exposure 
but not caused by it, and independently associated with the outcome. For example, an analysis 
looks at coffee as the exposure and heart disease as the outcome, and finds a strong association; 
but high coffee drinkers in the study are also heavy smokers. Coffee does not cause smoking, 
but they are related behaviours. In this case, controlling for smoking means the relationship 
between coffee and heart disease is not longer evident, i.e., smoking was the confounder. 
Many of the factors that we deem ‘confounders’ may in fact only be correlated behaviours or 
variables. The question to ask from a nutritional perspective is whether the dietary association is 
independent of non-dietary related lifestyle factors. We can determine this through appropriate 
control of known variables which may be correlated with diet, like socio-economic status, alcohol 
intake, or BMI. These variables are not inherently confounders; it depends on what the exposure-
outcome relationship is that we’re looking at. A common misconception reading such a list of 
covariates is to assume that all are confounders, however, this is incorrect; there are distinct 
differences between confounders [i.e., smoking], and moderating or mediating factors [i.e., fibre, 
fruit]. A general lack of understanding for the differences between such variables in widespread 
in discourse surrounding nutritional epidemiology. However, a fundamental difference is that 
a confounder may have direct relationship with the outcome, while a moderating factor may 
influence the size of the effect and the full operation of a cause-effect relationship, however, it 
does not invalidate that a relationship exists between the exposure and the outcome. If these 
were true confounders, then once they are adjusted for in the statistical analysis, the exposure-
outcome relationship would no longer be evident. If the exposure-outcome relationship survives 
this adjustment, then it indicates that the effect of the exposure on the outcome is independent 
of these related non-dietary variables. While the caveat of epidemiology is always that “residual 
confounding cannot be ruled out”, in reality it can’t be ruled out in an RCT either, it’s simply that 
randomisation is deemed to equally distribute unknown variables between an intervention and 
control group. The reality is that residual confounding implies there is something we don’t know 
which could influence the results, which is always true; what is important to remember is that 
there is a lot we do know, and we can build that into an adjustment model to control for these 
variables. Remember: correlation does not imply confounding.
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5IF�$SJUJDBM�#SFBLEPXO
1SPT��5IF�TUVEZ�UBSHFUFE�SFDSVJUNFOU�BSFBT�XJUI�MBSHF�NJOPSJUZ�QPQVMBUJPOT��5IF�DPIPSU�IBE�
FOPSNPVT�TJ[F
�MPOH�GPMMPX�VQ�QFSJPE
�BOE�XJEF�DPOUSBTUT�JO�EJFUBSZ�JOUBLF�<NPSF�VOEFS�,FZ�
$IBSBDUFSJTUJD
� CFMPX>�� 0WFS� ���
���� EFBUIT� PDDVSSFE� EVSJOH� UIF� GPMMPX�VQ� QFSJPE� GSPN� BMM�
DBVTFT
�XIJDI� MFOU�TVDJFOU�TUBUJTUJDBM�QPXFS� UP� JOWFTUJHBUF�EJFUBSZ�DPOTUJUVFOUT� MJLF�IFNF
�
BOE�OJUSBUFT�OJUSJUFT��)FNF�JSPO�DPOUFOU�PG�GPPET�XBT�RVBOUJFE�VTJOH�BEWBODFE�MBCPSBUPSZ�
BOBMZTJT�PG�SFE�NFBUT��5ISFF�DBMJCSBUJPO�TUVEJFT�XFSF�DPOEVDUFE�UP�DPSSFDU�GPS�NFBTVSFNFOU�
FSSPS�JO�UIF�EJFUBSZ�BTTFTTNFOU�NFUIPE
�XJUI�TQFDJD�DBMJCSBUJPO�GPS�OJUSBUFT�BOE�OJUSJUFT
�BOE�
GPS�SFE�NFBU�JOUBLF��5IF�DPOEFODF�JOUFSWBMT�BSF�TVDJFOUMZ�OBSSPX�GPS�UIF�NBKPS�OEJOHT�UP�
XBSSBOU�CPUI�DPOEFODF�JO�UIF�EJSFDUJPO�PG�UIF�FFDU
�CVU�BMTP�DBVUJPO�BHBJOTU�NJOJNJTJOH�UIF�
OEJOHT�
$POT��'PS�TVDI�B�SPCVTU�TUVEZ�JO�TJ[F
�QPQVMBUJPO
�BOE�DBMJCSBUJPO�PG�UIF�EJFUBSZ�BTTFTTNFOU
�
JU� JT� B� TIBNF� UIBU� UIF� HPME�TUBOEBSE� WBMJEBUJPO� PG� B� ��EBZ�NFBTVSFE� GPPE� SFDPSE� XBT� OPU�
VOEFSUBLFO�UP�DBMJCSBUF�UIF�JOJUJBM�''2��8IJMF�UIF�FSSPST�JO�B���IS�SFDBMM�BSF�JOEFQFOEFOU�PG�UIF�
FSSPST�JO�BO�''2
�UIF�DBWFBU�XJUI���IS�SFDBMMT�BT�UIF�DBMJCSBUJPO�JOTUSVNFOU�JT�UIFZ�NBZ�SFTVMU�
JO�CJBTFE�FTUJNBUFT�PG�UIF�''2�QFSGPSNBODF��)PXFWFS
�UIJT�NBZ�OPU�JOVFODF�UIF�SFTVMUT�PG�UIF�
QSFTFOU�TUVEZ
�HJWFO�UXP�NPSF�DBMJCSBUJPO�TUVEJFT�XFSF�DBSSJFE�PVU�GPS�UIF�TQFDJD�FYQPTVSFT�
PG�JOUFSFTU�
,FZ�$IBSBDUFSJTUJD
5IF� /*)�""31� 4UVEZ� XBT� EFTJHOFE� XJUI� UIF� TQFDJD� SBUJPOBMF� PG� BEESFTTJOH� UXP� NBKPS�NFUIPEPMPHJDBM�DIBMMFOHFT�PG�OVUSJUJPOBM�FQJEFNJPMPHZ�	�
�
� �
�XFBL�SFMBUJWF�SJTLT�EVF�UP�EJFUBSZ�NFBTVSFNFOU�FSSPST�
� �
�MBDL�PG�TVDJFOU�DPOUSBTU�JO�FYQPTVSF�EVF�UP�IPNPHFOPVT�EJFUBSZ�JOUBLF�JO�B�SFHJPO��� ����PS�QPQVMBUJPO�
*G�BO�FYQPTVSF�JT�DPOUJOVPVT
�MJLF�EJFU
�BOE�JG�UIFSF�JT�JODSFBTJOH�NFBTVSFNFOU�FSSPS�<MJLF�EJFUBSZ�
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