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Abstract

Non-alcoholic fatty liver disease (NAFLD) is closely associated with insulin resistance and obesity. Hence, carbohydrate quality could be of

relevance to the risk of NAFLD, but prospective data are lacking. The aim of the present study was to investigate longitudinal associations

between carbohydrate quality (including dietary glycaemic index (GI) and intakes of sugar, starch and fibre) and markers of liver function

in an older Australian population. The analysis was based on 866 participants ($49 years) of the Blue Mountains Eye Study with fasting

blood specimens and dietary intake data at baseline and 5-year follow-up. Multi-level mixed regression analysis was used to relate dietary

GI and sugar, starch and fibre intake to the liver enzymes alanine aminotransferase (ALT) and g-glutamyltransferase (GGT), as well as fast-

ing TAG and HDL-cholesterol (HDL-C). After adjustment for potential confounding factors, a lower fibre intake was cross-sectionally

related to higher GGT (P¼0·02) and fasting TAG (P¼0·002) levels, with fruit fibre being the most relevant fibre source (P¼0·095 for

GGT; P¼0·003 for TAG). A higher dietary GI was associated with lower HDL-C (P¼0·046). Changes in carbohydrate quality during

5 years were not related to changes in ALT, GGT, TAG or HDL-C (P$0·08). In conclusion, the absence of longitudinal associations between

carbohydrate quality and liver enzymes and serum lipids in this older population does not support a major role of carbohydrate nutrition

in liver function among the elderly.
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Non-alcoholic fatty liver disease (NAFLD) describes a condition

of fat accumulation in hepatocytes in the absence of other

causes of hepatic steatosis such as excess alcohol consumption.

Recently, NAFLD has been recognised as an important risk

factor for the development of both type 2 diabetes and CHD.

In this context, NAFLD has also been termed as the hepatic

manifestation of the metabolic syndrome, as it has been related

to all its constituting features(1).

The close relationship with obesity and insulin resistance

suggests a link to dietary factors associated with disturbances

in glucose and insulin metabolism. Indeed, several recent

cross-sectional(2,3) and case–control studies(4,5) have reported

associations between carbohydrate quality and NAFLD risk in

adults aged 50–60 years(2,3,5) as well as younger adults aged

30 years(4). Both higher dietary glycaemic index (GI)(2) (which

ranks carbohydrates according to their glycaemic potency)

and added sugars(4,5), particularly from soft drinks, were related

to increased NAFLD markers. By contrast, studies on the

relevance of dietary fibre for liver fat content have yielded

inconsistent results in middle-aged(6,7) and older adults(2).

Overall, evidence from prospective studies is lacking, but

would be of importance to shed light on the longitudinal
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relevance of carbohydrate quality for NAFLD risk. As the

prevalence of NAFLD increases with age(1), investigating this

relationship in older cohorts is relevant.

The liver enzymes alanine aminotransferase (ALT) and

g-glutamyltransferase (GGT) are commonly used as non-

invasive estimates for hepatic fat accumulation, but in contrast

to ALT, GGT also serves as a marker for alcoholic fatty

liver(1,8–10). Serum lipids can be considered additionally as

risk markers, since NAFLD is closely related to dyslipidaemia

and the metabolic syndrome(11,12). Elevated hepatic lipogenesis

leads to an overproduction of TAG and subsequently VLDL;

hence, increased levels of fasting TAG may indicate metabolic

alterations in the liver(13). Low HDL-cholesterol (HDL-C)

values serve as a further marker for disturbances in lipid

metabolism, and, indeed, a study of non-obese, non-diabetic

subjects showed that, among others, hypertriacylglycerolaemia

and low levels of HDL-C were risk factors for NAFLD(14).

The present study aims to examine both the cross-sectional

and the 5-year concurrent associations between carbohydrate

quality (GI and intake of sugar, starch and fibre) and the pro-

posed markers of liver function (ALT, GGT, fasting TAG and

HDL-C) in an older population.

Materials and methods

Study population

The Blue Mountains Eye Study (BMES) is a population-based

cohort study of vision, common eye diseases and other health

outcomes in an urban, predominantly Caucasian Australian

population aged 49 years and older, which was initiated in

1992 with two 5-year follow-up examinations. A total of 3654

participants took part in the baseline examination (1992–4;

BMES-1)(15). The study was conducted in accordance with

the recommendations of the Helsinki Declaration and was

approved by the University of Sydney and the Sydney West

Area Health Service Human Research Ethics Committees.

Written informed consent was obtained from all participants.

Details on the study and covariate assessment have been

described elsewhere(15).

Study sample

We were interested to examine the cross-sectional and the

5-year concurrent associations of dietary carbohydrate quality

with liver enzymes, fasting TAG and HDL-C concentrations.

Liver enzymes were first analysed in the first follow-up

(BMES-2). Hence, in the present analysis, these data were

termed baseline and BMES-3 data (second re-examination) as

the respective 5-year follow-up. The analysis was restricted to

the participants who had provided a complete and plausible

FFQ, as well as a fasting blood specimen at both BMES-2 and -3.

Of the 2335 participants re-examined at BMES-2, 330

had to be excluded due to incomplete ($12 questions of

the FFQ missing, an entire page remaining blank) or implau-

sible dietary data (daily energy intakes were ,2500 or

.18 000 kJ(16)), and a further 195 because of missing blood

samples. Of the remaining 1810 participants, 388 died during

the 5-year follow-up period, 161 were lost to follow-up and

218 participated in BMES-3 but did not provide a plausible

FFQ and/or a blood sample. A total of 1043 participants had

dietary data and blood specimens at both BMES-2 and -3.

Another sixty-four participants were excluded because data

on BMI, use of lipid-lowering drugs, diabetes mellitus, CHD

or smoking status were missing. Moreover, to avoid any

confounding due to alcoholic fatty liver disease, we excluded

all BMES participants who consumed more than 20 g alcohol

per d at both baseline and follow-up (n 113), a cut-off point

which has commonly used(1,8). Therefore, the present examin-

ation included 866 participants for the analysis of ALT and GGT.

Furthermore, at BMES-3, some participants provided only non-

fasting blood specimens; hence, fasting TAG and HDL-C con-

centrations from both visits were available for 755 participants

only.

Dietary assessment

Dietary data were collected using a 145-item FFQ modified

for the Australian diet and vernacular from an early Willett

questionnaire(17). This FFQ was validated against 4 d weighed

food records collected on three occasions during 1 year

(n 79) and showed moderate-to-good agreement for ranking

individuals according to their GI, dietary fibre and total carbo-

hydrate intake(18).

Nutrient intakes were estimated using the Australian Tables

of Food Composition (NUTTAB95) and published GI values

with the glucose ¼ 100 scale(19). Additional GI data were

obtained from the Sydney University Glycaemic Index Research

Service online database (www.glycaemicindex.com). An over-

all GI value for each participant’s diet was calculated by

summing the weighted GI of individual foods in the diet with

the weighting proportional to the contribution of individual

foods to total carbohydrate intake. Additionally, data on total

fibre intake and fibre intakes from bread and cereals, vegetables

and fruits were extracted from the FFQ.

Liver enzymes and serum lipid levels

Fasting blood specimens were drawn, centrifuged on site and

then sent by courier within the same day to the Westmead

Hospital, Sydney, for haematological analysis and clinical bio-

chemistry assessment. Fasting serum TAG concentrations were

measured on a Reflotron reflectance photometric analyser

(Boehringer Mannheim Diagnostics; currently, Roche Diag-

nostics). CV for repeated measurements of plasma were

1·4 % for TAG and 3·2 % for HDL-C. ALT and GGT were deter-

mined using commercial kits performed on an automated

analyser (OCD Fusion 5.1; Ortho Clinical), and CV were

below 4 % for ALT and below 2·8 % for GGT.

Statistical methods

Statistical analyses were performed using SAS software

(version 9.1.3; SAS). Because some of the metabolic and

nutritional data were not normally distributed, all continuous

data are presented as medians (25th and 75th percentiles).
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Differences between baseline and the 5-year follow-up in

metabolic variables and nutritional intake data were analysed

using the Wilcoxon signed-rank test for continuous variables

and the Mantel–Haenszel x 2 test for categorical variables.

We used linear mixed-effect regression models (PROC

MIXED in SAS) to construct longitudinal models of trends in

ALT, GGT, fasting TAG and HDL-C between baseline and

the 5-year follow-up. Because the outcome variables were

not normally distributed, all of them were log-transformed

before the regression analysis.

In model 1, the following fixed effects were included: sex;

time (defined as 1 (baseline) and 2 (5-year follow-up)); the

respective dietary variable at baseline; the interaction of this

dietary variable with time; the change in the dietary variable,

calculated by subtracting baseline values of the respective

parameter from the one at follow-up. In this way, the analysis

yielded three regression coefficients representing the following:

(1) the cross-sectional estimate – an estimate for the regression

of carbohydrate quality at baseline on markers of hepatic fat

accumulation at baseline; (2) the prospective estimate – the

slope of the regression of carbohydrate quality at baseline on

the change in the outcomes over 5 years; (3) the concurrent

estimate – an estimate for the regression of the change in carbo-

hydrate quality between the 5 years on the concurrent change in

the outcomes. The parameters of carbohydrate quality (GI and

intake of sugar, starch and fibre; total fibre and fibre from

bread and cereals, vegetables and fruits) were energy-adjusted

using the multivariate energy density model(20), which required

the calculation of fibre densities (g/MJ).

For model 2, the fixed effects of age, diabetes mellitus, any

CHD, current or former smoking status, menopausal status,

hormone replacement therapy, post-secondary school qualifi-

cation, good self-rated health and use of cholesterol-lowering

as well as other potential influencing medications, e.g. anti-

diabetic drugs, at baseline were considered as potential

influencing factors. BMI and other metabolic and nutritional

variables (e.g. total or saturated fat) were additionally exam-

ined, including their level at baseline, interaction of baseline

level and time, or change in their level during the 5-year

period. Only those potential influencing factors that (1) sub-

stantially modified the association of the principal dietary

variables with ALT, GGT, TAG or HDL-C in the unadjusted

models, (2) significantly predicted the outcome variable or

(3) improved the fit statistic (Akaike’s information criterion)

were included in model 2. All analyses were performed with

a significance level at P,0·05.

Results

Among the 866 participants included in the present analysis,

more were women and individuals with a younger age,

a post-secondary school qualification, a good self-reported

health and overweight, but fewer suffered from CHD and

smoked compared with the 831 BMES participants who

had died or were lost to follow-up. Moreover, those included

had lower ALT and fasting glucose concentrations and had

consumed slightly more polyunsaturated fat, protein, carbo-

hydrates, sugar, starch and fibre, especially from bread and

cereals, and had a lower dietary GI at baseline (data not

shown).

Baseline characteristics of the 866 BMES participants

included in the present analysis are shown in Table 1. After

the 5-year follow-up, the participants’ BMI was lower and

serum concentrations of ALT, GGT, albumin and bilirubin

were higher, whereas concentrations of fasting TAG, glucose,

HDL-C and cholesterol improved significantly (Table 2).

Regarding 5-year changes in nutritional intake data, energy

intake as well as total fat, and saturated fat intake were

higher, whereas starch and fibre intake from bread and

cereals were lower (Table 2). All of the observed changes

were, however, very small.

Carbohydrates and liver enzymes

Carbohydrate quality was not independently associated with

ALT, neither in the cross-sectional nor in the concurrent anal-

ysis (Table 3, first and second main columns).

The cross-sectional analysis showed inverse associations

between fibre intake and GGT in model 1. These were attenu-

ated, but still significant, after adjustment for potentially con-

founding factors (P¼0·02, model 2; Table 3, third main

column). Among the fibre sources, fruit fibre seemed to

have the greatest relevance for GGT levels, with higher intakes

being related to lower GGT levels. However, this association

was attenuated towards a trend after adjustment for confound-

ing factors (P¼0·095, model 2; Table 3, third main column).

None of the other parameters of carbohydrate quality was

related to GGT – neither in the cross-sectional nor in the con-

current change analyses.

Carbohydrates and TAG and HDL-cholesterol

Higher levels of dietary GI were associated with higher fasting

TAG in the cross-sectional analysis, but this association was no

longer evident after adjustment for confounding factors. Con-

versely, associations between fibre intakes and fasting TAG

levels in the cross-sectional analysis were maintained

(P¼0·002, model 2; Table 4, first main column), with higher

Table 1. Baseline characteristics of the 866 Blue Mountains Eye Study
participants

(Percentages, or medians and 25th and 75th percentiles)

Total (n) Value (%)

Sex
Female 866 62·7

Age (years) 866
Median 67·0
25th percentile 62·0
75th percentile 73·0

Diabetes mellitus 866 9·8
Any CHD 866 16·3
Cholesterol-lowering medication 866 9·2
Menopause* 543 94·3
Hormone replacement therapy, ever* 543 38·7
Smoking 866 41·1
Post-secondary school qualification 835 64·2
Good self-reported health at baseline 866 84·2

* Percentage refers to women only.
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intakes of fibre from fruits being the relevant source (P¼0·003,

model 2; Table 4, first main column).

Regarding the associations between carbohydrate quality

and HDL-C, a higher dietary GI was cross-sectionally related

to lower HDL-C levels (P¼0·046, model 2; Table 4, third

column). A lower starch intake was also related to lower

HDL-C levels, but adjustment for confounding factors attenu-

ated this association (P¼0·05, model 2; Table 4, third column).

For none of the other aspects of carbohydrate nutrition,

a relationship to HDL-C could be observed – neither cross-

sectionally nor concurrently.

Sensitivity analyses

Additional adjustment for albumin or bilirubin, metabolic

variables sometimes also used to assess liver health, did not

alter the results. Furthermore, we repeated the analysis for

the entire study sample with data on BMES-2 and -3 including

also the 113 participants with a habitually high alcohol intake.

The results were comparable with those presented for ALT,

TAG and HDL-C, with the observed associations being more

pronounced. For GGT, both cross-sectional and 5-year

concurrent associations were observed with dietary GI and

fibre intake (particularly from fruit sources) in the

entire study sample (data not shown). To assess any effect

modification by liver marker status (e.g. normal or elevated

values), we performed stratified analysis which did, however,

yield comparable results (data not shown).

Discussion

To the best of our knowledge, the present study is the first

investigating the prospective association of carbohydrate qual-

ity with liver enzymes in an older population. The present

study confirms previously reported associations between diet-

ary GI and fibre intake with TAG and HDL-C, but suggests that

these are not of prospective relevance. Overall, the effect sizes

for all observed associations were small. Hence, the present

analysis does not support a major role of carbohydrate quality

in relation to markers of liver function among the elderly.

Added sugars, particularly from soft drinks, are proposed

to be relevant in NAFLD pathophysiology: Kechagias et al.(21)

found a positive correlation between the intake of simple

sugars and the levels of ALT, and case–control studies have

indicated a positive association of NAFLD risk and severity

with soft drink consumption(4,5). We did not observe relation-

ships of sugar with any of the analysed markers. This could

be due to the fact that soft drinks were rarely consumed

by this elderly population. In this context, concern has

been expressed that high intakes of fructose primarily derived

Table 2. Comparison of the metabolic variables and nutritional intake of the 866 Blue Mountains Eye Study participants at baseline and 5-year
follow-up

(Median values and 25th and 75th percentiles)

Baseline 5-year follow-up

n Median 25th percentile 75th percentile Median 25th percentile 75th percentile P *

Metabolic variables
BMI (kg/m2) 866 26·8 24·4 29·9 26·6 24·1 29·8 ,0·0001
ALT (U/l)† 866 19 15 26 22 18 28 ,0·0001
GGT (U/l)† 866 20 15 29 23 17 32 ,0·0001
Albumin (%) 866 42 40 44 43 41 44 ,0·0001
Bilirubin, total (mmol/l) 865 10 8 12 11 8 14 ,0·0001
Fasting glucose (mmol/l) 737 5·0 4·7 5·5 4·9 4·6 5·3 ,0·0001
Fasting TAG (mmol/l) 755 1·34 0·98 1·83 1·28 0·93 1·75 0·0001
Fasting cholesterol (mmol/l) 866 6·0 5·3 6·6 5·4 4·8 6·1 ,0·0001
Fasting HDL (mmol/l) 755 1·4 1·2 1·7 1·6 1·3 1·9 ,0·0001

Daily nutritional intakes
Energy (kJ) 866 8201 6869 9750 8360 6890 10 112 0·004
Fat (%) 866 31·6 27·8 35·6 32·5 28·4 36·6 ,0·0001

SFA (%) 866 12·1 10·1 14·2 12·5 10·4 14·5 0·02
MUFA (%) 866 11·3 9·9 12·8 11·9 10·2 13·4 ,0·0001
PUFA (%) 866 4·9 3·9 6·1 5·1 4·0 6·2 0·05

Protein (%) 866 17·6 15·7 19·6 17·7 15·8 19·7 0·2
Carbohydrates (%) 866 47·8 43·5 52·4 47·1 42·8 51·4 0·002

Sugar (%) 866 25·2 21·2 29·2 25·6 21·6 29·4 0·1
Starch (%) 866 21·7 18·7 24·9 20·5 17·4 23·2 ,0·0001

GI 866 56·1 53·2 58·6 56·1 53·4 58·6 0·6
GL 866 132·0 106·1 158·3 132·6 106·1 160·5 0·5
Fibre (g/1000 kJ) 866 3·28 2·71 3·98 3·22 2·65 3·87 0·01

From vegetables (g/1000 kJ) 866 1·14 0·90 1·47 1·17 0·93 1·51 0·05
From fruits (g/1000 kJ) 866 0·78 0·49 1·13 0·83 0·52 1·18 0·02
From bread and cereals

(g/1000 kJ)
866 0·83 0·54 1·17 0·69 0·43 0·96 ,0·0001

Alcohol (g) 866 1·62 0·21 9·58 1·67 0·17 9·51 0·2

ALT, alanine aminotransferase; GGT, g-glutamyltransferase; GI, glycaemic index; GL, glycaemic load.
* Wilcoxon signed-rank test.
† To convert U/l to mkat/l, multiply by 0·017.
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from high-fructose maize syrup could adversely affect liver

function(22). In contrast to the USA, sucrose is the most

commonly used sweetener in Australia, which, however, has

been proposed to yield effects comparable with those of

high-fructose maize syrup(22). Unfortunately, additional data

that would have allowed separate appraisal of intrinsic and

added sugar or fructose intake were not available in the

present study.

Dietary fibre, particularly viscous fibre, may exert bene-

ficial effects on blood lipids and inflammatory markers(23).

Indeed, oxidative stress is increasingly recognised as an

important parameter in NAFLD pathophysiology and is

another possible mechanism linking carbohydrate quality to

hepatic steatosis(24,25). While Valtuena et al.(2) did not observe

a relationship between total fibre intake and liver steatosis,

we saw a favourable association of dietary fibre with GGT

and fasting TAG, in particular for fibre from fruit sources.

In contrast to single nutrients such as fructose or fibre, diet-

ary GI gives an estimate of repeated postprandial glycaemic

excursions, i.e. it allows us to address the relevance of one

particular metabolic response to carbohydrate nutrition. The

assumption that a higher dietary GI could be related to

NAFLD stems from the observation that a hyperenergetic

intake of carbohydrate-rich foods leading to increased

postprandial glucose elevations enhances hepatic lipogen-

esis(26–28). Valtuena et al.(2) showed an association between

dietary GI and the degree of hepatic steatosis measured by

liver echography. However, in a stratified analysis, they

observed a significant impact of dietary GI only for parti-

cipants, who were insulin-resistant (n 60, 24·9 %). They

concluded that the combination of hyperglycaemia and

hyperinsulinaemia may lead to increased hepatic fat accumu-

lation through elevated lipogenesis, on the one hand, and

suppressed b-oxidation, on the other hand(2). By contrast,

we did not observe an interaction with diabetes/impaired fast-

ing glucose status; however, this could reflect insufficient

power as the number of participants with these conditions

was small (n 85, 9·8 %) (data not shown). In the present anal-

ysis, dietary GI was not related to liver enzymes. Instead, we

observed cross-sectional associations of dietary GI with TAG

and HDL-C levels – the latter one also mirrored by a relation-

ship to starch intake, a dietary factor closely related to dietary

Table 3. Mixed models* of the cross-sectional and the 5-year concurrent relationships of markers of carbohydrate quality to log transformed serum
alanine aminotransferase (ALT) and g-glutamyltransferase (GGT) levels (U/l) in the 866 Blue Mountains Eye Study (BMES) participants

(b Coefficients and standard errors)

ALT (n 866) GGT (n 866)

Cross-sectional
estimate

5-year concurrent
change estimate

Cross-sectional
estimate

5-year concurrent
change estimate

b SE P b SE P b SE P b SE P

GI
Model 1† 0·0018 0·0039 0·6 0·0055 0·0032 0·09 0·0068 0·0045 0·1 0·0063 0·0035 0·07
Model 2‡ 0·0007 0·0041 0·9 0·0043 0·0033 0·2 0·0004 0·0048 0·9 0·0053 0·0037 0·2

Sugar intake (%)
Model 1† 0·0001 0·0025 1·0 0·0025 0·0020 0·2 0·0046 0·0029 0·1 0·0002 0·0022 0·9
Model 2§ 0·0016 0·0031 0·6 0·0017 0·0025 0·5 0·0018 0·0036 0·6 0·0014 0·0028 0·6

Starch intake (%)
Model 1† 0·0039 0·0032 0·2 0·0021 0·0024 0·4 0·0060 0·0037 0·1 0·0028 0·0027 0·3
Model 2‡ 0·0008 0·0033 0·8 0·0041 0·0026 0·1 0·0046 0·0038 0·2 0·0033 0·0029 0·3

Fibre intake (g/1000 kJ)
Model 1† 0·0032 0·0039 0·4 0·0048 0·0034 0·2 0·0149 0·0045 0·0009 0·0034 0·0037 0·4
Model 2k 0·0004 0·0046 0·9 0·0020 0·0038 0·6 0·0128 0·0054 0·02 0·0020 0·0043 0·6

Fibre intake from bread
and cereals (g/1000 kJ)
Model 1† 0·0042 0·0069 0·5 0·0115 0·0059 0·049 0·0149 0·0080 0·06 0·0042 0·0066 0·5
Model 2k 0·0020 0·0069 0·8 0·0084 0·0060 0·2 0·0098 0·0080 0·2 0·0052 0·0068 0·4

Fibre intake from vegetables
(g/1000 kJ)
Model 1† 0·0062 0·0078 0·4 0·0052 0·0058 0·4 0·0118 0·0091 0·2 0·0038 0·0065 0·6
Model 2k 0·0043 0·0076 0·6 0·0032 0·0058 0·6 0·0055 0·0089 0·5 0·0066 0·0066 0·3

Fibre intake from fruits
(g/1000 kJ)
Model 1† 0·0032 0·0064 0·6 0·0035 0·0055 0·5 0·0189 0·0074 0·01 0·0079 0·0060 0·2
Model 2k 0·0049 0·0081 0·5 0·0039 0·0065 0·6 0·0158 0·0095 0·095 0·0070 0·0073 0·3

GI, glycaemic index.
* Models contain a random statement with an unstructured covariance structure.
† Model 1 contains time defined as 1 (BMES-2) and 2 (BMES-3) and the predictor variable (e.g. dietary GI (per 10 units/d)) as terms at baseline, baseline£ time and concurrent

change, adjustment for sex and energy (use of the multivariate energy density model).
‡ Model 1 additionally adjusted for BMI as terms at baseline and baseline £ time, age, diabetes at baseline, smoking (past and/or concurrent), alcohol consumption (categorical)

as terms at baseline, baseline £ time and concurrent change, the use of cholesterol-lowering medication and dietary fat (percentage of energy, en%) and fibre intake (g/MJ)
as terms at baseline, baseline £ time and concurrent change.

§ Same as ‡, but adjustment for fibre intake from fruits (g/MJ) as terms at baseline, baseline £ time and concurrent change instead of total fibre intake.
kModel 1 additionally adjusted for BMI as terms at baseline and baseline £ time, age, diabetes at baseline, smoking (past and/or concurrent), alcohol consumption (categorical)

as terms at baseline, baseline £ time and concurrent change, the use of cholesterol-lowering medication and dietary fat intake (en%) and dietary GI as terms at baseline,
baseline £ time and concurrent change.

J. Goletzke et al.922

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114512005867  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114512005867


GI values(29). The present findings are in line with other cross-

sectional observational studies(30–36); however, the absence of

a longitudinal relationship questions the clinical relevance of

these associations in this age group. Furthermore, evidence

from meta-analyses of intervention studies does not support

an effect of dietary GI on TAG or HDL-C(37,38).

The main strengths of the present analysis were the pro-

spective study design with repeated measurements of liver

enzymes, fasting TAG and HDL-C, as well as dietary intake

data in a contemporary sample of older men and women.

We could control for repeatedly measured key confounding

factors such as BMI, medications taken or health status.

However, we cannot preclude residual confounding, resulting

from imprecisely measured or unmeasured confounding fac-

tors. Additionally, due to the large number of tests, chance

findings are a possibility.

Regarding the markers for NAFLD, it has to be considered

that raised liver enzymes can only reveal an increased risk,

yet no quantitative conclusions about the extent of hepatic

fat accumulation can be drawn. Moreover, NAFLD can be

present without any elevations in liver enzymes. However,

these markers are commonly used as minimally invasive par-

ameters(1,8), and were readily available for the present study

sample. Despite the fact that we employed a validated FFQ,

misclassification bias can still exist. This may apply to fibre

sources in particular, since the FFQ was neither designed

nor validated for fibre source-specific analyses. At the 5-year

follow-up, participants may have had a greater recall of certain

food groups increasingly considered healthy such as fruits and

vegetables. However, such a recall bias would have rather

translated into an underestimation for the concurrent changes

in markers of liver function. Selection bias resulting from the

limited number of persons eligible for the longitudinal analysis

is a particular concern and may hamper the extent to which

the present results can be generalised. Similar characteristics

among those lost to follow-up suggest that attrition bias intro-

duced by loss to follow-up was low. However, attrition due to

higher natural mortality limits the generalisability of the pre-

sent findings. Also, selective survival may have occurred

because those included in the analysis were healthier at base-

line regarding some but not all clinical parameters than those

who died during the follow-up.

Table 4. Mixed models* of the cross-sectional and the 5-year concurrent relationships of markers of carbohydrate quality to log-transformed serum
fasting TAG (mmol/l) and HDL-cholesterol levels (mmol/l) in the 755 Blue Mountains Eye Study (BMES) participants

(b Coefficients and standard errors)

TAG (n 755) HDL (n 755)

Cross-sectional estimate
5-year concurrent change

estimate
Cross-sectional

estimate
5-year concurrent change

estimate

b SE P b SE P b SE P b SE P

GI
Model 1† 0·0123 0·0043 0·005 0·0014 0·0035 0·7 0·0053 0·0023 0·02 0·0009 0·0016 0·6
Model 2‡ 0·0066 0·0045 0·1 0·0022 0·0037 0·6 0·0048 0·0024 0·046 0·0021 0·0017 0·2

Sugar intake (%)
Model 1† 0·0005 0·0028 0·9 0·0008 0·0022 0·7 0·0011 0·0015 0·5 0·0001 0·0010 0·9
Model 2§ 0·0028 0·0034 0·4 0·0022 0·0028 0·4 0·0002 0·0018 0·9 0·0011 0·0013 0·4

Starch intake (%)
Model 1† 0·0045 0·0036 0·2 0·0007 0·0027 0·8 0·0046 0·0019 0·02 0·0020 0·0013 0·1
Model 2‡ 0·0044 0·0037 0·2 0·0002 0·0029 0·9 0·0038 0·0019 0·05 0·0020 0·0014 0·1

Fibre intake (g/1000 kJ)
Model 1† 0·0135 0·0043 0·002 0·0030 0·0038 0·4 0·0027 0·0023 0·2 0·0028 0·0018 0·1
Model 2k 0·0161 0·0051 0·002 0·0038 0·0044 0·4 0·0037 0·0027 0·2 0·0036 0·0020 0·08

Fibre intake from bread
and cereals (g/1000 kJ)
Model 1† 0·0108 0·0076 0·2 0·0103 0·0066 0·1 0·0039 0·0040 0·3 0·0030 0·0031 0·3
Model 2k 0·0108 0·0076 0·2 0·0117 0·0068 0·09 0·0047 0·0040 0·2 0·0034 0·0032 0·3

Fibre intake from vegetables
(g/1000 kJ)
Model 1† 0·0095 0·0087 0·3 0·0057 0·0066 0·4 0·0023 0·0046 0·6 0·0017 0·0031 0·6
Model 2k 0·0087 0·0084 0·3 0·0059 0·0066 0·4 0·0033 0·0044 0·5 0·0008 0·0031 0·8

Fibre intake from fruits
(g/1000 kJ)
Model 1† 0·0225 0·0070 0·001 0·0068 0·0061 0·3 0·0043 0·0037 0·3 0·0041 0·0028 0·1
Model 2k 0·0269 0·0089 0·003 0·0102 0·0072 0·2 0·0046 0·0047 0·3 0·0058 0·0034 0·09

GI, glycaemic index.
* Models contain a random statement with an unstructured covariance structure.
† Model 1 contains time defined as 1 (BMES-2) and 2 (BMES-3) and the predictor variable (e.g. dietary GI per 10 units/d) as terms at baseline, baseline£ time and concurrent

change, adjustment for sex and energy (use of the multivariate energy density model).
‡ Model 1 additionally adjusted for BMI as terms at baseline and baseline £ time, age, diabetes at baseline, smoking (past and/or concurrent), alcohol consumption (categorical)

as terms at baseline, baseline £ time and concurrent change, the use of cholesterol-lowering medication and dietary fat (percentage of energy, en%) and fibre intake (g/MJ)
as terms at baseline, baseline £ time and concurrent change.

§ Same as ‡, but adjustment for fibre intake from fruits (g/MJ) as terms at baseline, baseline £ time and concurrent change instead of total fibre intake.
kModel 1 additionally adjusted for BMI as terms at baseline and baseline £ time, age, diabetes at baseline, smoking (past and/or concurrent), alcohol consumption (categorical)

as terms at baseline, baseline £ time and concurrent change, the use of cholesterol-lowering medication and dietary fat intake (en%) and dietary GI as terms at baseline,
baseline £ time and concurrent change.
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In conclusion, the absence of longitudinal associations

between carbohydrate quality and liver enzymes or serum

lipids in this older Australian population does not support

a major role of carbohydrate nutrition in liver function

among the elderly. A potential impact of carbohydrate

nutrition in populations with more adverse dietary habits

deserves further investigation, ideally using direct measures

of NAFLD status.
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