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ABSTRACT

Purpose: Sodium intake is known to be a critical dietary factor in several diseases including cataract. Earlier studies have
reported that excess intake of sodium may elevate the risk of cataract, However, little is known about this in Koreans, Thus,
the purpose of this study was to examine whether dietary intake of sodium and potassium might modify the risk of cataract.
Methods: A total of 1,319 males (219 cases) and 1,966 females (369 cases) from Korean National Health and Nutrition
Examination Survey 2012 were analyzed. Energy adjusted dietary intakes of sodium and potassium and their ratios were
evaluated to ascertain their associations with the risk of cataract. Dietary intake levels were stratified into quartiles and their
risk modifying effects were estimated with logistic regression models with or without subjects’ socio—economic characteristics
and life styles for each sex. Results: Findings suggested that various descriptive factors were associated with the risk of
cataract either in males or females, Males™ intake levels of sodium and potassium and their ratios did not differ between
phenotypes. Higher intakes or higher ratio was not associated with the risk of cataract, In contrast, female controls had higher
intakes of sodium and potassium, Higher intake of potassium reduced the risk of cataract in females, However, such
association was not retained when subjects’ socioeconomic status and life styles were factored into the analysis, Conclusion:
Dietary sodium and potassium intakes minimally affected the risk of cataract in Korean males and females. More studies are

needed to ascertain the true pathological effect of sodium intake on cataract aetiology.
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Introduction

Excess intake of sodium is thought to be a major dietary
factor in human health and diseases. Previous studies have
reported that high sodium intake is associated with various
disorders, including hypertension [1], cardiovascular
disease [2], cancer [3], innate immunity [4] and obesity
[4], For instance, high intake of sodium is associated with
stiffening and perturbation of arteries impediment and nitric
oxide-releasing process [5,6]. Dietary sodium intake is also
correlated with adiposity and changes of immune response-
related markers including adiponectin, tumour necrosis
factor-a, and insulin resistance [7,8]. Furthermore, recent
findings have suggested that excess dietary sodium might
be associated with optical disorders, including cataract with
increased risk of 2.4 folds [9].

Cataract is a type of optical disease with clouding of

normal lens of eyes. Cataract is a leading cause of loss
of eye sight. It often develops in people aged over 40s,
and, therefore becoming a critical health problem in aging
population [10]. Approximately 905,975 Koreans were
diagnosed with cataract in 2014 [11]. Several factors are
known to be associated with the development and
progression of cataract, including age, sex, excessive
exposure to ultra violet light, tobacco smoking, alcohol
drinking, and diabetes milieus [12,13]. Additionally, high
consumption of meat also increase the risk of cataract
while greater intake of vegetables, fruits, and whole grains
can reduce the prevalence of cataract [14,15]. Such
protective effect of dietary consumption of fruits,
vegetables, and whole grains on cataract has been shown
to be associated with their high contents of antioxidants
and other phytochemical compounds [16]. Multiple
exterior/interior stimuli can lead to stresses and oxidation
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of lipid and protein [13,16], resulting in abnormality and
accumulation of cellular proteins and the development of
cataract [13,16]. Therefore, high intake of antioxidant is
possibly effective in reducing the risk of cataract [14].
Our recent study has shown that abundant intake of fruits
and vegetables is protective against cataract in Korean
males [17]. Furthermore, different types of fruits and
vegetables (such as total vegetables, fruits, salted vegetables,
and non-salted vegetables) possess differential modifying
effect on the risk of cataract [17]. This suggests that,
although antioxidants and phytochemicals that are rich in
these foods could be major modifiers in reducing the risk
of cataract, other nutritional intake such as sodium and
potassium could be associated with the risk of cataract.
One Korean study has reported that 24-hour urine sodium
excretion level is associated with the risk of cataract [18].
However, the effect of dietary sodium intake estimated
from dietary record on the risk of cataract has not been
clearly verified yet. More evidences are required to verify
the effect of dietary sodium intake on the development
of cataract in a Korean population.

Therefore, the objective of this study was to determine

the association of dietary sodium intake and the risk of
cataract in a Korean population using data from Korean
National Health and Nutrition Examination Survey
(KNHANES) 2012. Effects of dietary potassium intake
and the ratio of sodium intake to potassium intake on
the risk of cataract were also determined.

Methods

Study subject selection

This study was performed using data from KNHANES
2012. Ethical approval of KNHANES was obtained from
Korean CDC (2012-01EXP-01-2C). Study protocols were
additionally reviewed by Institutional Committee (1040198-
160921-HR-087-01). Among a total of 8,058 subjects,
3,556 who were less than 40 years old were excluded.
Individuals who had missing descriptive data, those who
had no cataract diagnosis results, no information for food
or nutrient intake, and those whose energy intake was
less than 500 or more than 5,000 kcal were also excluded.
Subjects with excess intake of vitamin A (> 3,000 ug RAE)
were additionally excluded. Finally, a total of 3,285

Korean National Health Nutrition
Examination Survey 2012
(n=8,058)

Excluded (<40 years, n = 3,556)

screening 240 (n = 4,502)

Aged who had undergone cataract

Excluded (n = 1,217)

- 614 non-response & missing of cataract diagnosis
- 531 missing of food and nutrient intake

- 38 total energy intake <500 or >5,000 kcal

- 21 excessive intake of vitamin A (>3,000 ugRAE)
- 13 missing of descriptive data

Subjects included (n = 3,285)

v

v

Cataract
(n =588, 17.9%
: male = 219, female = 369)

Normal
(n=2,697,82.1%
: male = 1,110, female = 1,597)

Fig. 1. A simplified flow chart showing the selection of study subjects
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Koreans (588 cases and 2,697 controls) were analyzed
to determine the association of the incidence of cataract
with sodium and potassium intakes. Fig. 1 shows the
procedure used for subject selection.

Data collection and analysis

Data of 3,285 subjects’ sex, age, household income,
practice of regular exercise, education, tobacco smoking,
alcohol drinking, and the presence of diabetes mellitus
were extracted from KNHANES 2012. Details for
classification and analyses were described previously [17].
Dietary intake was obtained and adjusted with total energy
intake prior to analysis using Willet’s residual method
[19].

Statistical analysis

Student’s t-test and chi-squared test were used to compare
general characteristics of study population according to
the type of variables. To compare the level of nutritional
intake between cases and controls, Student’s t-test was
used. Associations of the risk of cataract with sodium
intake, potassium intake, and their ratio were computed
with logistic regression assessments. Results are presented
with the odds ratios (ORs) and 95% confidence intervals
(95% Cls). Models were established with or without
adjustments for age, education, household income, physical
activity, smoking, alcohol drinking, and the presence of
diabetes mellitus. All statistical analyses were performed
with SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and
two-sided p-value of less than 0.05 was considered
significant.

Results

General characteristics of study subjects

To understand study subjects’ socio-economic and health
related background, sex, age, household income, practice
of regular exercise, education, tobacco smoking, alcohol
drinking, and the presence of diabetes mellitus were
analysed in males and females, respectively (Table 1).
Statistical results revealed that both male and female
cataract cases were older than controls (p <0.0001). Their
levels of education, household incomes, and the presence
of diabetes mellitus were also different from those of
controls. However, BMIs of cases did not differ from those
of controls for males or females. Lastly, smoking status

of cases differed from that of controls in males (p = 0.0002),
but not in females. These results suggest that the risk
of cataract could be modified by individual’s socio-
economic and life styles. For this reason, those factors
were considered in the statistical models later.

Nutritional intake levels in each cataract phenotype

Table 2 presented sodium intake level, potassium intake
level, and their ratio for cases and controls by sex. In
males, there was no significant difference in dietary sodium
intake, potassium intake, their ratio, or vitamin A intake
level between cases and controls. However, controls had
more energy intake than cases in males (2,227.4 +772.4
and 1,936.5 + 630.5 kcal/day, p <0.0001). By contrast, in
females, controls had more sodium intake (4,482.0 +
2,529.0 and 4,251.2 +2,642.7 mg/day, p=0.0118), potassium
intake (3,086.4+1,201.3 and 2,917.0 £ 1,621.5 mg/day,
p<0.0001), total energy intake (1,654.6+590.4 and
1,508.5 £ 536.3 kcal/day, p <0.0001) and vitamin A intake
(808.7 £567.1 versus 646.9 =531.9 ngRAE, p <0.0001)
than cases. On the other hand, the ratio of sodium intake
to potassium intake for controls did not differ from that
for cases.

Subjects’ sodium intake, potassium intake, and their ratio
were stratified into quartiles. Fig. 2 presents the level of
dietary intake for each quartile group in males and
females. Mean sodium intakes for male controls and cases
were 2,302.9 +£502.48 and 2,257.29 +613.28 mg/day,
respectively. Mean potassium intake levels were 1,844.7
+266.22 and 1,721.54 +317.0 mg/day in each phenotype,
respectively. Mean nutritional intake was increased with
quartiles. The fourth quartile of sodium and potassium
intake levels were approximately 4 and 2.3 times of the
Ist quartile, respectively, in both cases and controls. Ratios
of sodium intake to potassium intake in controls and cases
were 0.85 and 0.88, respectively. They were increased
to 2.76 and 2.87 (approximately 3 folds), respectively,
for the 4th quartile. Although levels of intake in females
were lower than those in males, the trend towards
consumption for sodium and potassium in females were
similar to that in males. Female cases and controls in
the 1st quartile had sodium intakes of 2,090.8 + 500.7 and
1,960.4 + 572.7 mg/day, respectively. Their levels of
potassium intake were 1,901.61 £329.2 and 1,812.6 +
323.1 mg/day, respectively. Such levels resulted in ratios
of intake of 0.72 and 0.7, respectively. In males, intakes



Table 1. General characteristics of study subjects taking sex and cataract phenotype info account

Males Females
All Control Cataract ) All Control Cataract
(n=1,319, 100%) (n=1,100, 83.4%) (n =219, 16.6%) P (n=1,966, 100%) (n=1,597, 81.2%) (n =369, 18.8%) P
Age (year = SD)” 60.8 =11.5 58.9 = 11.1 70.5 £ 8.2 < 0.0001° 59.7 +11.8 57 +10.9 71.4+7.8 < 0.0001
BMI [kg/m2 + SD) 23.9 £2.9 24 +29 235 +28 0.0537 24 + 3.3 24 + 3.3 242 +3.3 0.3724
Education®
< Elementary 359 (27.22) 287 (26.09) 72 (32.88) 0.0225 889 (45.22) 614 (38.45) 275 (74.53) < 0.0001
Middle 194 (14.71) 158 (14.36) 36 (16.44) 258 (13.12) 226 (14.15) 32 (8.67)
High 424 (32.15) 353 (32.09) 71 (32.42) 514 (26.14) 473 (29.62) 41 (11.17)
> College 342 (25.93) 302 (27.45) 40 (18.26) 305 (15.51) 284 (17.78) 21 (5.69)
Household income
Low 290 (21.99) 212 (19.27) 78 (35.62) < 0.0001 539 (27.42) 344 (21.54) 195 (52.85) < 0.0001
Mid-low 358 (27.14) 287 (26.09) 71 (32.42) 486 (24.72) 402 (25.17) 84 (22.76)
Mid-high 312 (23.65) 278 (25.27) 34 (15.53) 437 (22.23) 389 (24.36) 48 (13.01)
High 359 (27.22) 323 (29.36) 36 (16.44) 504 (25.64) 462 (28.93) 42 (11.38)
Regular physical activity
No 1,135 (86.05) 939 (85.36) 196 (89.5) 0.1068 1,779 (90.49) 1,422 (89.04) 357 (96.75) < 0.0001
Yes 184 (13.95) 161 (14.64) 23 (10.5) 187 (9.51) 175 (10.96) 12 (3.25)
Tobacco Smoking
Never 225 (17.06) 183 (16.64) 42 (19.18) 0.0002 1,824 (92.78) 1,484 (92.92) 340 (92.14) 0.5818
Past 684 (51.86) 549 (49.91) 135 (61.64) 73 (3.71) 56 (3.51) 17 (4.61)
Current 410 (31.08) 368 (33.45) 42 (19.18) 69 (3.51) 57 (3.57) 12 (3.25)
Alcohol drinking
Never 214 (16.22) 174 (15.82) 40 (18.26) 0.3698 415 (21.11) 326 (20.41) 89 (24.12) 0.1159
Ever 1,105 (83.78) 926 (84.18) 179 (81.74) 1,651 (78.89) 1,271 (79.59) 280 (75.88)
Diabetes mellitus
No 1,139 (86.35) 979 (89) 160 (73.06) < 0.0001 1,764 (89.73) 1,475 (92.36) 289 (78.32) < 0.0001
Yes 180 (13.65) 121 (11) 59 (26.94) 202 (10.27) 122 (7.64) 80 (21.68)

1) p-values from Chi-squared test except for age and BMI (body mass index)
2) Standard deviation

3) p-value from Student's t-test

4) Number of subjects (%)
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Table 2. Intake of sodium and potassium and their ratio for males and females

Al Control Cataract p"
Males n=1,319 n=1,100 n=219
Sodium (mg/day) 4,564.8 + 2,400.8 4,599.1 = 2,397.9 4,392.6 £ 2,413.5 0.1336
Potassium (mg/day) 2,852.9 = 1,086.6 2,867.1 £1,092.4 2,781.6 = 1,056.8 0.1002
Sodium/potassium 1.68 = 0.84 1.69 =0.84 1.66 =0.83 0.7322
Total energy intake (kcal) 2,179.1 = 758.2 2,227.4 = 772.4 1,936.5 = 630.5 < 0.0001
Vitamin A (pgRAE)Z‘ 670.7 = 470.5 676.1 = 466.4 643.9 + 490.8 0.3729
Females n=1.966 n=1597 n =369
Sodium (mg/day) 4,438.6 = 2,551.6 4,482.0 = 2,529.0 4251.2 + 2642.7 0.0118
Potassium (mg/day) 3,054.6 = 1,291.8 3,086.4 = 1,201.3 2,917 +1,621.5 < 0.0001
Sodium/potassium 1.56 +0.88 1.55 +0.89 1.57 £0.86 0.7148
Total energy intake (kcal) 1,627.2 = 583.3 1,654.6 = 590.4 1,508.5 += 536.3 < 0.0001
Vitamin A (ugRAE) 778.3 = 564.1 808.7 + 567.1 646.9 +531.9 < 0.0001
1) p-values from Student's t-tests
2) RAE: refinol activity equivalent
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Quartiles of intakes
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Fig. 2. Mean intake of sodium and potassium and their ratfio for each quartile group in male controls (A) and cases (B) and in female

controls (C) and cases (D)

of these nutrients were increased 3.7 and 4.1 times in
the 4th quartile in each phenotype. The ratio of their intake
did not differ in each phenotype. It was increased by

approximately 3.7 times in both female cases and female

controls.

Associations of the risk of cataract with dietary
sodium intake and potassium intake

Associations of the risk of cataract with sodium intake,
potassium intake, and their ratio were estimated by taking
quartiles of intake level in account (Table 3). Logistic
regression models suggested that dietary sodium, potassium
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Table 3. Odds ratios and 95% confidence intervals for cataract risk according to quartiles of sodium, potassium, and their ratio

nd . d . th o
1% quartie oi [Q%Li/fﬂcllz(la)‘J C;SR [ggg/omllcan O4R (gggf"gn p for frend

Males
Sodium intake

Model 2 Reference 0.825 (0.551 ~ 1.236) 0.984 (0.667 ~ 1.451) 0.667 (0.436 ~ 1.02) 0.1872

Model II¥ Reference 1.14 (0.723 ~ 1.798) 1.199 (0.774 ~ 1.86) 0.724 (0.452 ~ 1.161) 0.2824
Potassium infake

Model | Reference 0.984 (0.665 ~ 1.455) 0.661 (0.431 ~1.015) 0.887 (0.595 ~ 1.323) 0.1447

Model Il Reference 1.202 (0.767 ~ 1.882) 0.841 (0.517 ~ 1.367) 0.847 (0.533 ~ 1.344) 0.1287
Sodium/potassium

Model | Reference 0.734 (0.486 ~ 1.109) 0.922 (0.623 ~ 1.363) 0.766 (0.509 ~ 1.151) 0.8419

Model Il Reference 0.739 (0.464 ~ 1.178) 1.167 (0.748 ~ 1.82) 0.762 (0.479 ~ 1.211) 0.9989
Females
Sodium intake

Model | Reference 0.833 (0.611 ~ 1.135) 0.768 (0.56 ~ 1.052) 0.73 (0.531 ~ 1.003) 0.0149

Model Il Reference 1.218 (0.839 ~ 1.768) 1.017 (0.7 ~ 1.478) 0.985 (0.677 ~ 1.433) 0.3931
Potassium intake

Model | Reference 0.634 (0.468 ~ 0.861) 0.604 (0.444 ~ 0.823) 0.514 (0.372 ~ 0.709) < 0.0001

Model I Reference 1.188 (0.823 ~ 1.714) 1.424 (0.974 ~ 2.084) 1.402 (0.945 ~ 2.08) 0.1373
Sodium/potassium

Model | Reference 0.945 (0.686 ~ 1.301) 0.874 (0.631 ~1.21) 1.063 (0.778 ~ 1.453) 0.3877

Model Il Reference 0.921 (0.63 ~ 1.345) 0.75 (0.509 ~ 1.107) 0.75 (0.517 ~ 1.089) 0.2055

1) OR, odds ratfio; 95% Cl, 95% confidence interval
2) Model I: unadjusted

3) Model II: adjusted for age, education, income, physical activity, smoking, alcohol drinking, and the presence of diabetes mellitus.

intake, and their ratio failed to show a decisive modifying
effect on the risk of cataract in males. Such null association
was not changed in additional statistical analyses after
adjusting for age, education, income, physical activity,
smoking, alcohol drinking, and the incidence of diabetes
mellitus. In females, higher intake of potassium decreased
the risk for cataract by approximately 50% (95% CI: 0.372
~0.709) compared to the lowest intake. However, when
subjects’ socio-economic factors and other factors were
adjusted for, increased intake of potassium elevated the
risk of cataract, although such elevation was not statistically
significant. Neither sodium intake nor the ratio of sodium
intake to potassium intake showed any meaningful effect
on the risk of cataract.

Discussion

Sodium intake has been studied as a major dietary risk
factor in many disorders including cataract. In this study,
effects of dietary sodium intake, potassium intake, and
their ratio on cataract prevalence were evaluated. Results
suggested that dietary intake of sodium was not associated
with the prevalence of cataract.

Previous observational studies have provided the
evidence that excessive intake of sodium has pathological
effect on the onset of cataract [9,20]. However, the exact
mechanism of action remains unknown. The imbalance
of sodium and potassium level in aqueous humor and the
lens might be contributed to cataract’s development. High
intake of sodium could lead to increased volume and
expansion of fluid and lens opacities via alteration of
sodium/potassium channel capacity, hence resulting in the
onset of cataract [21,22]. This could explain why restriction
of dietary sodium is effective in preventing cataracts in
murine models in vivo [23].

In Italian and Australian human studies [9,13], patients
with cataract have decisively higher intakes of sodium
compared to normal controls. One previous Korean study
has also suggested that cataract phenotype is associated
with higher intake of dietary sodium with 10% of increased
risk [18]. However, this risk-modifying effect of dietary
sodium was estimated using spot urinary excretion level.
Although this technique may support more precise
estimation of subjects’ information regarding sodium intake
[24], the collection of data and the experimental process
are complex. They may not be appropriate for large-scaled
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epidemiological study [25]. Therefore, in this study, we
estimated with the association of sodium intake with the
risk of cataract using sole dietary intake from food
frequency questionnaires. However, findings of this study
differed from those of earlier report. Dietary intake of
sodium, potassium, or their ratio was not significantly
associated with the prevalence of cataract. Although higher
potassium intake could protect against the development
of cataract in females, such significance was nullified when
subjects’ other socio-economics and life style factors were
adjusted for. A few hypotheses could be proposed to explain
this. First, food frequency questionnaire is commonly used
to collect population’s dietary data. However, it has some
limitations, including low accuracy and recall bias via
under-reporting. In addition, difficulties in the standar-
dization of recipe and salt use are present [26]. Furthermore,
dietary data of KNHANES were estimated with a single
day of 24-hours recall method which might lead to the
imprecision in dietary sodium intake estimation. These
may result in inconsistency of findings between studies.
Second, dietary sodium intake may have influence on the
onset of cataract. However, subjects’ other socio-economic
and life style characteristics were more dominantly or
closely associated with cataract. As reported earlier, these
environmental factors are known to be critical modifiers
of the risk of cataract. Low household income and low
educational are greatly associated with the risk of cataract
with adjusted OR of 1.76 and 1.85, respectively. Moreover,
age of more than 50 years old elevated the risk distinctively
by approximately 15-folds [18]. Although these socio-
economic and life style factors were adjusted for in our
analysis models, their effects might not have been
controlled sufficiently. Our previous findings have shown
that abundant intake of vegetables and fruits can reduce
the risk of development of cataract [17]. Higher or more
frequent intake of these foods are closely related with
socio-economic status surrounding individuals [27,28].
Furthermore, individuals with low household income and
educational background may have limited access to medical
service and information of health management [29,30].
For these reasons, the risk modifying effect of sodium
and potassium on the prevalence of cataract may not be
clearly observed in this study independently. Lastly,
nutrients are generally consumed in combined from and
highly correlated. The estimation of the effect of a single
or a few nutrients may provide limited information to

understand the pathoaetiology of cataract. Effects of dietary
factors including antioxidant, phytochemicals, lutein,
zeaxanthin, and so on reported in experimental and/or
epidemiological research were not examined in this study.
Their potential influences could not be dismissed. Thus,
multiple approaches considering individual’s socio-economic
and life style status as well as dietary consumption are
needed to effectively prevent cataract.

In conclusion, dietary sodium intake, potassium intake,
or their ratio was not associated with the onset of cataract
in a Korean population. Studies with more information
and in-depth analyses are required to clarify the pathological
effect of nutrient on cataract actiology.

Summary

This study examined the association of cataract risk with
dietary sodium intake and potassium intake using data
from KNHANES 2012. Our findings suggested that sex,
age, household income, practice of regular exercise,
education, tobacco smoking, alcohol drinking, and the
presence of diabetes mellitus were associated with cataract
phenotype in either males and females. Dietary intake of
sodium, potassium, and their ratio differed between cases
and controls only in females. However, differential consu-
mption level of sodium or potassium was not associated
with the development or progression of cataract. Our
findings suggest that various approaches that take
individual’s socio-economic and life styles as well as other
dietary factors into account rather than taking single nutrient
intake into account may be able to more effectively reduce
the risk of cataract in Koreans.
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