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Association between dietary glycemic index and glycemic load, insulin index

and load with incidence of age-related cataract: results from a case-control

study

Highlights:

e The highest quartiles of dietary glycemic index were significantly, positively associated with
the risk of age-related cataracts, compared to those in the lowest quartile, in an Iranian
population.

e There was a positive association between higher dietary glycemic load and cataract risk.

e We found a significant, direct, relationship between dietary insulin load and risk of cataract,

but the association between dietary insulin index and the risk of cataract was not significant.




Abstract

Aim: To identify the association between the dietary carbohydrate indexes, such as dietary
glycemic index (DGI) and load (DGL), dietary insulin index (DII) and load (DIL), with the
possibility of cataract.

Method: This case—control study consisted of 101 new cases of cataract and 202 controls. DGI
and DGL were computed through DGI values previously published. DIl was also calculated based
on dietary insulin index data published previously.

Results: There was a significant positive association between the highest quartiles of DGI
(OR=6.56; 95% CI1=2.67-16.06; P<0.001), DGL (OR=6.17; 95% CI=1.93-19.37; P=0.002) and
DIL (OR=4.17; 95% CI=1.41-12.27; P= 0.004) with risk of cataract, compared to those on the
lowest quartile, but not for DIl (OR=0.85; 95% CI=0.39-1.86; P= 0.82). Furthermore, after
stratifying groups by BMI, a significant direct association between highest quartile of DGI
(OR=6.76; 95% CI1=2.49-18.38; P<0.001) and DGL (OR=3.45; 95% CI1=0.96-12.37; P=0.05) with

risk of cataract was evident in individuals with elevated BMI (BMI1>25).

Conclusion: We found a significant, direct, relationship between DGI, DGL and DIL with risk of
cataract. However, the association between DIl and the risk of cataract was not significant, even

after adjusting for related confounders.
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Introduction

Age-related cataract is considered as one of the most prevalent causes of poor vision and loss of
eye sight in the world (1-3). In Iran, approximately 31.7% of loss of vision and 47.5% of
ophthalmic disorders are attributable to cataract, respectively (1, 4). The most effective treatment
for this disease is cataract surgery, which imposes a heavy societal economic burden (5). Therefore
identification of modifiable cataract risk factors would be pragmatic in the development of
nonsurgical strategies for postponing or preventing the incidence of age-related cataract (6). There
are various risk factors for development of this disease, including genetic factors, aging, exposure
to UV-B light, and diabetes (1, 6). In addition it has been suggested that other factors, such as
environmental agents and metabolic related disease may be related to cataract incidence (1).
Amongst the various environmental agents, diet is purported to possess an imperative function in

development of this disease, acting, either, as a protective agent, or a risk factor (1, 7).

Some studies have provided strong evidence to indicate a direct association between high
carbohydrate intakes and cataract incidence (3, 6, 8, 9). Among the macronutrients, carbohydrate
is the principle factor for regulation of postprandial blood glucose levels and consequently
postprandial insulin secretion (10). Furthermore, other macronutrients, such as protein and fat,
play a role in increasing insulin secretion, despite generating modest blood glucose responses (10,
11). Gl is defined as a measurement index of how much each carbohydrate-containing food
elevates blood glucose in comparison with a standard food of either glucose or white bread (12,
13). In addition, Glycemic Load (GL), which represents both the quantity and quality of
carbohydrate in the diet, is measured utilizing the Gl of food and its non-fiber carbohydrate content
values (13). However, in addition to postprandial insulin response to blood glucose levels, there

are other factors which impact on insulin secretion, such as fructose, certain amino acids, and fatty



acids (11, 14). Accordingly, to evaluate postprandial insulin responses to all of the mentioned
insulinotropic agents, the dietary insulin index (DII) was conceived, which may be used to
investigate the insulin response of healthy people after consumption of a specific food rather than
a reference food with equal energy (identical to the Gl, either white bread or glucose) (11, 15).

There are some conceivable associations between several food groups and nutrients with risk of
age-related cataract (9); indeed, some studies have reported that high consumption of vegetables
and fruits may be protective factors against cataract (16-18), however others found no association
(19, 20). Furthermore, Theodoropoulou reported that increased intake of fish, and decreased
consumption of meat, are associated with lower risk of cataract (9). Laboratory and
epidemiological data have indicated that high glycemic index (Gl) diets, and consequently high
blood sugar levels, may be risk factors for the progression of age related diseases, such as cataract
(21, 22). Some studies have demonstrated a direct relationship between higher Gl diets and cataract
incidence (6, 8), although Turati et al reported a positive association between higher glycemic load

(GL) and the risk of cataract, but no association with GI (23).

Currently, little is known about the relationship between DGI, DGL, DIl and DIL and the risk of
age-related cataract. Therefore, clearly, the association between cataract progression and the
mentioned dietary indexes is a matter of great scientific interest. However, because of the
inconsistency reported in the little available evidence, we sought to investigate the association

between the above indexes with cataract incidence.

Subjects and methods



The present case-control study was carried out in Farabi ophthalmology and Shariati hospitals, in
Tehran. The participants were chosen using convenience sampling. In total, 202 controls and 101
cases enrolled the study. The formulas for calculating sample size was mentioned in a previous
study by detail (1). During this study, newly diagnosed cataract patients (<1 month) were recruited.
Cataract diagnosis was confirmed according to the gradual opacity of eye lenses, leading to blurred
eyesight, detected by an ophthalmologist (4, 24). The case group was entered into the study
according to the following inclusion criteria: the diagnosis of the cataract should not exceed one
month prior to the study commencing, the diagnosis of cataract in at least one eye, the eyesight
degree should not exceed more than 0.6, in addition, only participants aged > 40 years were
recruited. The subjects in the control group were chosen from non-hospitalized subjects or
hospitalized patients not suffering from cataract, the age range more than 40 years, and the eyesight
degree < 0.6. The exclusion criteria for both groups were: suffering from another eye disease,
adherence to any non-normal dietary habit less than one year prior to the interview, former history
of eye injury, radiation therapy or eye surgery. At the end of the study, eight participants from
cases and controls (four from each group) were omitted from the study because of their daily
abnormal caloric intakes, which were less than 702 kcal, or more than 5016 kcal, per day.

The control group was matched for age (with a five-year interval) and sex with the case group,
resulting in double the number of control vs case participants.

Information regarding; age, the history of cataract in the family, heart disease, hypertension
(systolic blood pressure > 160 mm Hg or diastolic blood pressure >100 mm Hg or antihypertensive
medicine consumption), diabetes, hyperlipidemia, arthritis, smoking, alcohol consumption,
physical activity, prior intake of vitamin C and multivitamin supplement, corticosteroids

consumption, oral contraceptives, estrogen therapy, as well as the number of hours exposing to



sunlight, and using special equipment against the sun, was obtained by an interview with the
subjects. The weight of each subject was measured, while wearing light clothing and unshod, using
a 100g sensitivity scale, and height using a tape measure with the sensitivity of 0.1 cm,
respectively. Body mass index (BMI) was then calculated by dividing weight in kilograms by
height in meters squared. Written informed consent was attained from all subjects prior to study
commencement. The study was approved by the ethics committee at the National Nutrition and
Food Technology Research Institute of Shahid Beheshti University of Medical Science. (Ethic
number: 051525)

Dietary assessment

All participants’ dietary intakes in the preceding year were assessed using a validated and reliable
147-item food frequency questionnaire (FFQ) (25-27). The amounts of each nutrient was
converted into grams by a household scale guideline, and the quantity of each nutrient which is
consumed per day was computed in grams for each subject (28). For all food items, calories and
sub nutrients were measured by the table of food ingredients of United States department of
agriculture (29, 30). Next, the data were transferred into SPSS software for analysis. Dietary
factors of food groups, such as total fat, grains, dairy, meat, fruit and vegetable, saturated fatty
acids, and cholesterol intake were examined in the current study.

Calculation of Gl and GL

Dietary Gl and GL were derived from the FFQ as follows (31) :

Dietary Gl = [(carbohydrate content of each food item) x (number of servings/d) x (Gl)] / total
daily carbohydrate intake

Dietary GL= (carbohydrate content of each food item) x (number of servings/d) x (Gl)



The GI and GL values were calculated based on Tehran Lipid and Glucose Study (12). The Gl
values of food items were prepared from the Gl international table (31), the online database of Gl,
which is maintained by the University of Sydney (32), and from studies reporting Iranian foods’
GI (33). The GI for whole and refined grain, potatoes, starchy vegetables, legumes and some of
fruits was obtained from the studies that reported the Iranian foods’ GI (33), and the Gl for fruits,
dairy products, and nuts were gathered from the GI international table (31). The reference of Gl
values was white bread (Gl for white bread =100). In instances of multiple Gl values for one food,
we computed the mean of Gl values for analysis. If the Gl value of a food was not specified, some
other food item was allocated based on similarity to the food item. In addition, food items which
had a very low carbohydrate content were omitted from the analysis because of inability to the
precise measurement of their Gl values (12).

Calculation of dietary insulin index (DI1) and dietary insulin load (DIL)

Dietary insulin index value for each food component compares the postprandial insulin response
relative to a reference food such as glucose or white bread (15). Insulin index values for foods
found in the food-frequency questionnaire were determined, either, from published estimates (31
foods) (34, 35), or, from direct testing of food items at the University of Sydney, Australia (73
foods; provided by Jennie Brand-Miller). The test procedure is provided the Holt study in detail.
Briefly, the study was conducted in a 2-hour duration with 15-minute intervals of evaluating
insulin levels after consumption of isoenergetic food groups, then, the data was utilized as below
(34):

D11 = area under 120-min insulin response curve for 1000 KJ test food / area under 120-min insulin
response curve for 1000 KJ reference food (white bread)

Insulin index values for each meal showed an average response of 11 to 13 subjects.



For calculation of dietary insulin load (DIL), we first computed the insulin load of each food as
follows (15):

Dietary insulin load = Z [insulin index of food x energy content of food (Kcal/serving) x
frequency of consumption (servings of food/day)

Each unit of DIL equal the insulin response produced by 1 kcal glucose (15). In the current study,
the DIL for 31 food items were computed.

Eventually the dietary insulin index of overall diet which represents the mean of insulin index
value for each food component was measured by dividing DIL by total energy intake according to
the following formula:

DlI= dietary insulin load / {Z [energy content of food (Kcal/serving) x frequency of consumption (servings
of food/day)}

Statistical analysis:

Statistical analyses were conducted using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). For
determination of differences in continuous variables, including dietary intakes among quartiles of
DGL, DGI, DIL and DII, one-way analysis of variance (ANOVA) was used. Each of the DIL, DIl
and DGL, DGI were categorized into quartiles based on the distribution among controls. We used
binary logistic regression to estimate odds ratios and 95% confidence intervals for quartiles of
DIL, DIl and DGL, DGI. Covariates considered included body mass index (continuous), total
energy intake (continuous), history of cataract in the family, education, physical activity, gender,
the access to equipment, diabetes, and hypertension. Next, the odds ratio was adjusted for these
confounding factors. In addition, analyses were stratified by BMI (BMI<25 compared with

BMI>25) to ascertain the impact of obesity on risk of cataract.

Result:



General characteristics of the participants are reported in the previous study (1). Table 1 presents
dietary intakes across quintiles of energy-adjusted DGL and DGI. Participants in the highest
quartile of DGL had higher intake of grains, dairy, legumes, red meat, fruits, vegetables, and nuts
in comparison with those in the lowest quartile. Furthermore, grains intake of those in the highest
quartile of DGI was more than those in the lowest quartile. Dietary intakes across quintiles of
energy-adjusted DIL and DIl are shown Table 2. A statistically significant difference in dietary
intake of grains, dairy, legumes; red meat, fruits, vegetables and nuts was found among quartiles
of DIL. Participants in the highest quartile of DIl consumed more grains compared with those in
the lowest quartile. Multivariable-adjusted odds ratios (ORs) and 95% Cls for cataract, across
quartiles of DGL, DGI, DIL and DII, are shown in table 3. After adjusting for confounders,
individuals in the highest quartile of DGL (OR=6.17; 95% CI=1.93-19.37), DGI (OR=6.56; 95%
Cl=2.67-16.06) and DIL (OR=4.17; 95% CI=1.41-12.27) had a significantly higher risk of
cataract, compared to those in the lowest quartile of intake. Table 4 details the multivariable-
adjusted odds ratios (95% CI) for cataract by quintiles of DGL, DGI, DIL and DII stratified by
BMI (<25 and >25 Kg/m?). There was no significant relationship between DGL, DGI, DIL and
DIl and risk of cataract in individuals with BMI<25. A positive association was found between the
highest quartile of DGL (OR=3.45; 95% CI=0.96-12.37), DGI(OR=6.76; 95% C1=2.49-18.38),
DIL (OR=1.94; 95% CI=0.58-6.87) and risk of cataract in individuals with elevated BMI
(BMI>25); moreover, this association remained significant after controlling for potential
confounders (age, energy, the history of cataract in the family, education, physical activity, gender,

the access to equipment, BMI, gender, diabetes, and hypertension).

Discussion



There is currently a paucity of empirical data regarding the relationship between DGI, DGL, DI|I
and DIL and the risk of age-related cataract. Thus, the association between cataract progression
and the mentioned dietary indexes is a matter of great scientific interest. Indeed, age related
cataracts are a large contributor to poor vision and blindness, whilst diet is a modifiable risk factor
which may offer a non-surgical and cost-effective opportunity to delay the onset or prevent this
condition (1-3). However, because of the equivocal nature of what little evidence currently exists,
we sought to investigate the relationship between the dietary carbohydrate indexes, such as DGI,
DGL, DI, DIL, with the odds of being diagnosed with cataracts in accord with the aforementioned
aim, the current study found that poorer dietary quality through the higher dietary indexes of DG,

DGL, DIL, in a non-diabetic population, increased the risk of age-related cataracts.

The highest quartile of DGI (OR=6.56; 95% C1=2.67-16.06; P<0.001) was significantly, positively
associated with the risk of age-related cataracts, as compared to those in the lowest quartile, in an
Iranian population. In a prospective study, an increased risk of nuclear cataracts was evident in
those with higher DGI, however, a consistent dose-response relationship was not present in an
Australian population (36). Previously, a positive association of DGI and cataract risk was reported
in a meta-analysis of seven studies (6). However, a caveat to this meta-analysis is that data were
limited to the United States, Australia, and China; therefore, the conclusions should be interpreted
with caution for other ethnic populations. Thus, is the present study builds upon the existing
literature, and provides a novel addition, by confirming a key dietary index (DGI) is positively

associated with cataract risk in an Iranian population (6).

Contrasting the positive association finding of the current study, Turati and colleagues found no
association between DGI and cataract risk in a case control study with an Italian population (23).

Differences in populations and dietary cultural practices may explain the difference in findings.



The current study found a positive association between higher DGL (OR=6.17; 95% CI=1.93-
19.37; P=0.002) and cataract risk, which is consistent with previous research (8, 23). However,
this finding contradicts previous epidemiological studies, where relationships between other
dietary indexes and cataract extractions, but not DGL (8, 37, 38). However, the difference in
findings may be due to the variation in diagnoses of cataracts, cataract extractions, and varying
severities and time of removal. All previous studies in the field of DGL and DGI and cataract were
conducted in developed countries, underpinning the inconsistencies between the current and
previous studies. Indeed, some studies have reported that dietary patterns have changed among the
developing countries, from a healthy, low carbohydrate, low fat, and high fiber diet, into increasing
consumption of calorie-dense foods, including refined carbohydrates, fats, meats, and low fiber,
which has been attributed to increased food availability (39, 40). Such changes to dietary patterns
have corresponded to a rise of obesity, metabolic syndrome, and diabetes mellitus, which are

independent key factors of age related cataract (9, 41).

The dietary index, DII, was not associated with the risk of age-related cataract, which may be
explained by the notion that consumption of whole grains can reduce the opacity of the lens (1);
indeed, we found that participants in the highest quartile of DIl consumed more grains compared
with those in the lowest quartile. The polyol pathway has been found to be key in cataractogenous
in diabetic patients, and this mechanism may still be relevant in the non-diabetic population (42).
The enzyme, aldose reductase (AR), catalyzes the reduction of glucose to sorbitol through the
polyol pathway (43). The accumulation of sorbitol results in osmotic changes and an intracellular
increase of fluid, leading to lens swelling, hydropic lens fibers degeneration, and the formation of
cataracts (44, 45). Higher AR levels has been found to increase cataract risk (46), and AR inhibitors

have been effective in reducing cataract risk in diabetic patients through preventing the



accumulation of sorbitol (47). Notwithstanding, despite the biological plausibility, the literature
on dietary indices and their association with age related cataracts is still emerging in the non-
diabetic population. The same biological pathways may be responsible for the finding of an
increased risk of cataracts in non-diabetic patients with higher dietary indexes of DGI, DGL, DIL,

but clearly warrants further investigation.

The present study found a significant positive association between the highest quartile of DGI
(OR=6.76; 95% C1=2.49-18.38; P<0.001) and DGL (OR=3.45; 95% CI=0.96-12.37; P=0.05) with
risk of cataract in individuals with elevated BMI (BMI>25). This finding is supported by a meta-
analysis by Ye and colleagues (48), who suggest that elevated leptin, inflammation, and obesity
complications may explain this finding. The underlying biological pathways which lead to obesity-
related complications of diabetes, hyperlipidemia and hypertension (49, 50), all risk factors for
cataracts, may promote cataracts in populations with high BMI, even in the absence of these
conditions. Furthermore, elevated leptin, which has been linked to lens opacity and inflammation

cytokines and C-reactive proteins, may promote cataract development (37, 50).

Although this study presents a novel addition to the literature, there are some limitations that must
be considered. Firstly, the findings of this study are likely not generalizable to populations in other
countries, highlighting the need for more research into different ethnic groups. Further research
with longitudinal studies is also warranted, so that the association between dietary indexes and
different cataract types may be discerned. In addition, studies which examine the age of onset and
severity of cataracts and dietary factors are also needed.

Based on the findings of this study, it appears that dietary glycemic load can be reduced by the

addition of whole grains, increasing fruit and vegetable intake, as well as reducing simple sugar



intake, to reduce cataract incidence. These changes may be beneficial in reducing the risk of
cataract, by reducing dietary glycemic load and insulin load.

Conclusion

We found a significant, direct, relationship between DGI, DGL and DIL with risk of cataract.
However, the association between DIl and the risk of cataract was not significant, even after
adjusting for related confounders. This study demonstrates that improving dietary quality may
offer a cost-effective solution to reducing cataract risk. Improving diet quality appears to be a key
modifiable risk factor, which could contribute to reducing incidenc3 of blindness and several

visual disorders.
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