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Association of curry consumption with blood lipids and glucose levels
Youngjoo Kwon§

Department of Food Science and Engineering, Ewha Womans University, 52, Ewhayeodae-gil, Seodaemun-gu, Seoul 03760, Korea

BACKGROUND/OBJECTIVES: Curcumin, an active ingredient in turmeric, is highly consumed in South Asia. However, curry that 
contains turmeric as its main spice might be the major source of curcumin in most other countries. Although curcumin consumption 
is not as high in these countries as South Asia, the regular consumption of curcumin may provide a significant health-beneficial 
effect. This study evaluated whether the moderate consumption of curry can affect blood glucose and lipid levels that become 
dysregulated with age.
SUBJECTS/METHODS: This study used data obtained from the Korea National Health and Nutrition Examination Survey, conducted 
from 2012 to 2013, to assess curry consumption frequency as well as blood glucose and blood lipid levels. The levels of 
blood glucose and lipids were subdivided by age, sex, and body mass index, and compared according to the curry consumption 
level. The estimates in each subgroup were further adjusted for potential confounding factors, including the diagnosis of diseases, 
physical activity, and smoking.
RESULTS: After adjusting for the above confounding factors, the blood glucose and triglyceride levels were significantly lower 
in the moderate curry consumption group compared to the low curry consumption group, both in older (> 45) male and 
younger (30 to 44) female overweight individuals who have high blood glucose and triglyceride levels. 
CONCLUSIONS: These results suggest that curcumin consumption, in an ordinary diet, can have health-beneficial effects, including 
being helpful in maintaining blood glucose and triglyceride levels that become dysregulated with age. The results should 
be further confirmed in future studies.
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INTRODUCTION12)

Curry rice is a popular dish in many countries, including Korea. 
The distinct yellow color of curry or turmeric, is primarily derived 
from a polyphenolic compound, curcumin [1,7-bis(4-hydroxy- 
3-methoxyphenyl)-1,6-heptadien-3,5-dione]. The potential health- 
beneficial effect of turmeric and its active component, curcumin, 
has been recognized; as such, there is an increasing interest 
in turmeric and turmeric-enhanced products [1].

A number of preclinical studies have demonstrated that 
curcumin exerts various biological activities, including anti- 
inflammatory, lipid-lowering, and anticancer properties [2-7]. In 
addition, clinical studies indicate that curcumin enhances 
cardiovascular health and insulin sensitivity [8-12]. However, the 
dose required to achieve these biological activities may vary, 
depending on existing disease conditions [1]. For example, the 
anticancer effect of curcumin may require high concentrations 
(1.5 to 4 g/day) [13,14], whereas less than 0.5 g of curcumin 
may be effective in treating some inflammatory conditions 
[15,16].

Turmeric has been commonly used for flavoring and color 
in food preparation, and for the treatment of inflammatory 
conditions in South Asia [17], leading to the high consumption 

in these regions. In most other countries, including Korea, where 
turmeric is not a main ingredient for food preparation, the 
consumption rate for turmeric is low [1]. In these countries, 
curry may be the major curcumin-containing food. Previous 
studies indicate that regular curry consumption may be beneficial 
especially in the elderly, who have dysregulated physiological 
functions [10], although the consumption level observed is not 
as high as in South Asia. Therefore, it might be valuable to 
evaluate whether curcumin consumption through ordinary diet 
can exert any health-beneficial effects in a population where 
turmeric is not a popular ingredient.

In this study, the consumption level of curry, a major curcumin- 
containing food, was assessed using the Korea National Health 
and Nutrition Examination Survey (KNHANES) Food Frequency 
Questionnaire (FFQ). This study evaluated whether the consump-
tion of curry in the typical Korean diet can affect the blood 
glucose and lipid levels that are dysregulated in older individuals.

SUBJECTS AND METHODS

Study design 
This study evaluated the relationship between curry consump-

tion and blood lipid levels, blood glucose levels, and glycated 
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Age
Mean monthly intake1)

(serving)

19-29 1.03 ± 0.07

30-39 1.12 ± 0.05

40-49 0.94 ± 0.04

50-64 0.51 ± 0.03

1) The converted frequency of curry consumption per month (Table 1) was multiplied 
by the self-reported portion size to derive the monthly mean intake.

Table 2. Curry consumption per month in different age groups

Frequency category
Total

(n = 7,634)
%

Frequency per 
month1)

Portion size 
category 
(serving)

Total
(n = 7,634)

%

Almost never 50.17 0 (0 × 1) Half 5.30

1 time per month 25.15 1 (1 × 1) One 34.25

2-3 times per month 13.63 2.5 (2.5 × 1) One and half 3.49

1 time per week 3.52 4.3 (1 × 4.3) None 50.17

2-4 times per week 0.68 12.9 (3 × 4.3) No response 6.79

5-6 times per week 0.05 23.65 (5.5 × 4.3)

No response 6.79

1) The midpoint of each category was taken and converted into the frequency of 
consumption per month (4.3 weeks in a month).

Table 1. The percentage of individuals in each category of the pre-coded 
frequency and portion size in the curry consumption frequency questionnaire

hemoglobin (HbA1c), using the data obtained from KNHANES, 
a nationwide survey program conducted by the Korea Center 
for Disease Control and Prevention to access the health and 
nutritional status of Koreans. KNHANES collected information 
on the socioeconomic status, health-related behavior, quality 
of life, anthropometric measure, biochemical and clinical profiles 
of approximately 10,000 individuals, aged one and older, every 
year [1,18].

Estimation of curry consumption 
The curry consumption was estimated using the KNHANES FFQ 

data conducted in 2012 and 2013 where the food consumption 
of individuals aged 19 to 64 was collected. Curry rice was the 
only curry-related food among the food items surveyed. The 
midpoint of each category was taken from the pre-coded 
frequency category, and converted into the frequency of 
consumption per month. The frequency of curry consumption 
per month was multiplied by the self-reported portion size, to 
derive the monthly mean intake of curry. According to the 
frequency of their curry consumption, subjects were divided 
into three groups: the low consumption group (LC; “almost 
never”, or “once a month”), the moderate consumption group 
(MC; “2-3 times a month” or “once a week”), and the high 
consumption group (HC; “2-4 times per week”, or “5-6 times 
per week”).

Statistical analysis
SAS software (version 9.3, SAS Institute Inc., Cary, NC) was 

used for the data preparation and statistical analyses. Two years 
(2012 and 2013) of KNHANES data were combined to assess 
the characteristics of individuals, according to the level of curry 
consumption, and to evaluate the relationship between curry 
consumption and blood glucose levels or lipid profiles. A multi- 
stage sampling design was considered for all data generation 
and analysis. Since only 48 individuals were included in the HC, 
they were excluded from the statistical analysis. Chi-squared 
tests and t-tests were performed to determine the differences 
in the demographics and health-related characteristics between 
the LC and MC groups. The resulting P-values less than 0.05 
were considered significant.

Individuals aged 30 and over were subjected to a comparison 
of their health-related characteristics. For the comparison of 
blood test measurements according to their curry consumption 
level, individuals were further stratified to control for the known 
confounding factors of age (young: 30 to 44; old: 45 to 64), 
sex (male/female), and body mass index (BMI; underweight: < 
18.5; normal: 18.5 to 24.9; overweight: ≥ 25). Since the BMI in 
the underweight category was less (i.e. certain age-sex subgroups 
contained less than 10 individuals), these individuals were 
eliminated from the statistical analysis. Potential confounding 
variables other than age, sex, and BMI were examined using 
an analysis of covariance; they included dietary supplement use 
(yes, no), hypertension (yes, no, borderline hypertension), diabetes 
(yes, no, prediabetes), dyslipidemia (yes, no), instant noodle 
consumption (low: “almost never”, “once a month”, or “2-3 times 
per month”; high: “one time per week”, “2-4 times per week”, 
or “5-6 times per week”), tobacco use (never, past, current use), 
and physical activities (low: “never”, or “one day per week”; 

intermediate: “2”, “3”, or “4 days per week”; high: “5”, “6”, or 
“7 days per week”). Non-responders for the above variables 
were excluded from the analysis. A multivariate analysis was 
conducted for the identified confounders, and adjusted means 
were estimated for each blood test measurement. A significance 
level was set at P-values less than 0.05.

RESULTS

Estimation of curry consumption by FFQ
Curry rice, simply “curry”, was the only curry-related food item 

surveyed. Half of the population almost never consumed curry 
over the course of a single year (Table 1). Individuals who 
consumed curry mostly had it once a month, or 2-3 times a 
month, with very few (< 1%) having it more than once a week 
(Table 1). Nobody reported consuming curry more than once 
in a day. The majority of subjects (80%) reported the intake 
of 1 serving of curry each time (Table 1). The monthly curry 
consumption was lower at the age of 50 and over (0.51 servings 
per month) compared to the younger ages (about 1 serving 
per month) among those individuals who consumed curry 
(Table 2). 

Demographic and health-related characteristics of individuals with 
different levels of curry consumption

Subjects were divided into three groups according to their 
frequency of curry consumption. Their demographic charac-
teristics are described in Table 3. The estimated mean curry 
consumption was 0.33, 2.80, and 13.70 servings per month in 
the LC, MC, and HC, respectively. These were equivalent to the 
consumption of less than 0.01, 0.05, and 0.26 g of turmeric per 
day, respectively. A high frequency of curry consumption 
occurred in the younger age group; individuals between the 
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Characteristics
Low (LC), 

%
Moderate (MC), 

%
High (HC), 

%
P-value1)

Intake 
(serving/month)

0.33 ± 0.012)

(< 0.01 g 
turmeric /day3))

2.80 ± 0.03
(0.05 g 

turmeric /day)

13.70 ± 0.76
(0.26 g 

turmeric /day)

< 0.0001

Age 41.5 ± 0.22 38.3 ± 0.37 35.4 ± 2.16 < 0.0001

19-29 21.80 23.35 45.20

30-39 22.11 32.06 21.88

40-49 25.13 27.54 18.88

50-64 30.96 17.05 14.05

Sex 0.0088

Male 51.13 46.61 47.65

Female 48.87 53.39 52.35

Residential area 0.0979

Urban 83.25 86.05 89.84

Rural 16.75 13.95 10.16

Residential type 0.0017

High-rise apartment 58.50 52.37 60.04

Non-apartment 
residence

41.50 47.63 39.96

Income quartile 0.1939

Lowest 25.61 24.76 43.04

Medium lowest 26.62 23.62 8.11

Medium highest 23.99 25.70 30.65

Highest 23.78 25.93 18.20

Education4) < 0.0001

Primary school or 
less

15.36 30.57 11.78

Middle school  6.82  4.78  7.38

High school 14.45 10.38 15.53

University or above 63.37 54.27 65.31

1) The significance of the differences in the frequencies and means between the low 
and moderate curry consumption groups was tested using t-test and chi-squared 
tests, respectively.

2) Mean ± SE
3) Daily turmeric consumption based on about 0.56 g turmeric in one serving of curry 

rice and 30 days per month. 
4) Frequency was age-adjusted.

Table 3. The demographic characteristics of individuals with different levels of
curry consumption

Characteristics Low (LC), % Moderate (MC), % P-value1)

Age (Mean ± SE) 46.3 ± 0.20 42.7 ± 0.30 < 0.0001

Hypertension < 0.0001

No 48.05 57.39

Borderline hypertension 27.09 23.36

Yes 24.86 19.25

Hypercholesterolemia 0.0027

No 85.57 88.75

Yes 14.43 11.25

Hypoalphalipoproteinemia 0.1910

No 76.80 79.42

Yes 23.19 20.58

Hypertriglyceridemia 0.0010

No 81.37 87.61

Yes 18.63 12.39

Diabetes < 0.0001

No 68.09 76.92

Prediabetes 23.53 17.25

Yes  8.34  5.83

Dietary supplement use2) 0.0022

Yes 47.67 53.66

No 52.33 46.34

Vigorous exercise3) 0.2171

Low 74.42 71.25

Intermediate 19.87 22.14

High  5.71  6.61

Moderate exercise4) 0.0349

Low 74.10 69.38

Intermediate 19.42 23.17

High  6.48  7.46

Walking5) 0.0124

Low 24.36 20.01

Intermediate 34.53 34.10

High 41.12 45.89

Tobacco use6) 0.0003

Never 52.33 60.05

Past 20.65 19.22

Current 27.02 20.73

Instant noodle consumption7) < 0.0001

Low 59.83 49.23

High 40.17 50.77

1) The significance of the differences in the frequencies and means between the low 
and moderate curry consumption group was tested using t-test and chi-squared 
tests, respectively.

2) Dietary supplement use during the last year 
3-5) Low: “never” or “one day per week”; intermediate: 2-4 days per week; high: 

5-7 days per week 
6) Never: never user; past: past user; current: current user
7) Low: “almost never”, “once a month”, or “2-3 times per month”; high: “once a 

week”, “2-4 times a week”, or “5-6 times a week”

Table 4. The health-related characteristics of individuals aged 30 and older with
different levels of curry consumption

ages of 30 and 39 were frequent in the MC (32.1%), while 
individuals between the ages of 19 and 29 were frequent in 
the HC (45.2%). In comparison, these age groups comprised less 
than 23% of the LC. The HC resembles the MC more than the 
LC in its demographic characteristics, with the exception of the 
type of residence and education level (Table 3). Due to the low 
frequency (only 48 individuals), the HC was eliminated from the 
statistical analysis. The MC included more females (53.4%) than 
the LC (48.9%). Individuals in the MC more frequently resided 
in non-apartment residences (47.6%) and had a lower education 
(54.3% in the “university or above” category) in comparison to 
41.5 and 63.4%, respectively, in the LC. There were no significant 
differences in the residential area and individual income 
between the two groups (Table 3).

Subjects aged 30 and older were examined for their health- 
related characteristics (Table 4). The mean age was significantly 
lower in the MC (42.7) compared to the LC (46.3). Significantly 
more individuals had diagnoses of hypertension (24.9), hyper-

cholesterolemia (14.4%), hypertriglyceridemia (18.6%) and 
diabetes (8.3%) in the LC than the MC (19.3, 11.3, 12.4, and 
5.8%, respectively) (Table 4). The MC had a significantly higher 
frequency of dietary supplement use (53.7%), moderate exercise 
(30.6%), and walking (80.0%) compared to the LC (47.7, 25.9, 
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Variable Age1) Sex BMI2) Low (LC) Moderate (MC)
P-value3)

n Mean ± SE n Mean ± SE

Intake (serving/month) Young Male Normal 430 0.45 ± 0.03 119 2.96 ± 0.09

Over 350 0.43 ± 0.03 82 3.08 ± 0.13

Female Normal 810 0.42 ± 0.02 348 2.74 ± 0.07

Over 267 0.37 ± 0.04 71 2.56 ± 0.15

Old Male Normal 709 0.24 ± 0.02 91 2.80 ± 0.12

Over 455 0.25 ± 0.02 56 3.15 ± 0.22

Female Normal 1,126 0.22 ± 0.01 197 2.43 ± 0.09

Over 596 0.22 ± 0.02 92 2.69 ± 0.12

Age Young Male Normal 430 37.1 ± 0.23 119 37.3 ± 0.51 0.8100

Over 350 37.3 ± 0.03 82 36.8 ± 0.13 0.3916

Female Normal 810 37.2 ± 0.21 348 37.4 ± 0.28 0.5684

Over 267 37.9 ± 0.34 71 37.9 ± 0.55 0.8973

Old Male Normal 709 53.5 ± 0.25 91 52.1 ± 0.57 0.0259

Over 455 53.1 ± 0.31 56 51.9 ± 0.76 0.1672

Female Normal 1,126 53.6 ± 0.21 197 51.5 ± 0.39 < 0.0001

Over 596 54.1 ± 0.28 92 53.4 ± 0.73 0.3572

Height (cm) Young Male Normal 430 172.9 ± 0.31 119 173.6 ± 0.56 0.3308

Over 350 173.0 ± 0.34 82 173.9 ± 0.77 0.2589

Female Normal 810 160.3 ± 0.21 348 159.7 ± 0.37 0.2120

Over 267 159.5 ± 0.48 71 160.4 ± 0.60 0.2347

Table 5. Anthropometric measurements of individuals aged 30 and older with different levels of curry consumption

75.7%, respectively), whereas non-tobacco users were more 
frequent in the MC (60.1%) compared to the LC (52.3%). The 
frequency of instant noodle consumption was significantly 
higher in the MC (50.8%) than the LC (40.2%) (Table 4).

Anthropometric and blood test measurements of individuals with 
different levels of curry consumption

Subjects aged 30 and older were stratified into 12 groups, 
according to their age, sex, and BMI. Those who were under-
weight (BMI < 18.5) were eliminated due to the low numbers. 
Tables 5 and 6 describe the anthropometric and blood test 
measurements in the remaining groups. The mean age was not 
significantly different according to the curry consumption level 
except for the old-female-normal weight subgroup (Table 5). 
The anthropometric measurements were not significantly different 
according to the curry consumption level. However, in the 
old-male-overweight subgroup, individuals in the MC had lower 
(P = 0.0591) waist circumferences than the individuals in the LC 
(Table 5). The total cholesterol level was significantly higher in 
the old-female-normal weight subgroup, while the triglyceride 
(TG) level was significantly lower in the old-male-overweight 
subgroup, according to curry consumption (Table 6). The level 
of HbA1c was lower (P = 0.0548) according to the curry consumption 
in the young-male-normal weight subgroup. There were no 
significant differences in blood levels of glucose and HDL 
cholesterol according to the curry consumption in any of the 
subgroups (Table 6). The compliance rate for the measurement 
of LDL cholesterol was very low; therefore, its statistical 
significance could not be considered (data not shown).

Since blood levels of glucose and lipids are influenced by 
disease conditions (e.g. diabetes and dyslipidemia), physical 
activity, and tobacco use, an analysis of covariance was conducted 

to identify potential covariates for each blood measurement. 
The diagnosis of diabetes and moderate exercise were confoun-
ders for both the glucose and HbA1c levels (Table 7). Additionally, 
glucose levels were confounded by hypertriglyceridemia, and 
HbA1c levels were modulated by hypercholesterolemia and 
tobacco use (Table 7). The TG levels were confounded by the 
diagnoses of all tested disease conditions (hypertension, dyslipi-
demia, and diabetes) and tobacco use (Table 7). The total 
cholesterol level was similarly influenced as observed in the TG 
levels except for the tobacco use (Table 7). The HDL cholesterol 
level was modulated by the diagnosis of all tested conditions 
except hypertension, tobacco use, and instant noodle consump-
tion (Table 7). The use of dietary supplements, vigorous exercise, 
and walking did not significantly affect the levels of any of the 
tested measurements (Table 7). After the adjustments for the 
identified confounding variables, the difference in the glucose 
levels according to curry consumption became significant, while 
the difference in the TG levels between the two curry consumption 
groups became insignificant in the old-male-overweight individuals 
(Table 8). Adjusted means of TG levels were significantly lower 
according to the curry consumption in the young-female- 
overweight subgroup (Table 8). HDL levels in the old-female- 
overweight subgroups were significantly lower in the MC 
compared to the LC after the adjustment (Table 8). The adjusted 
P-values for the differences in the blood glucose and HbA1c 
levels according to the curry consumption were 0.0646 and 
0.0490, respectively, in young-male-normal individuals, which 
are lower than they were when they were unadjusted. On the 
other hand, the difference in the total cholesterol level in the 
old-female-normal weight subgroup according to the curry 
consumption became insignificant after the adjustment 
(Table 8).
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Variable Age1) Sex BMI2) Low (LC) Moderate (MC)
P-value3)

n Mean ± SE n Mean ± SE

Old Male Normal 709 168.9 ± 0.25 91 170.2 ± 0.65 0.0701

Over 455 169.1 ± 0.32 56 170.5 ± 0.90 0.1226

Female Normal 1,126 156.6 ± 0.19 197 156.8 ± 0.43 0.6177

Over 596 155.4 ± 0.25 92 156.0 ± 0.69 0.4055

Weight (kg) Young Male Normal 430 67.21 ± 0.37 119 67.78 ± 0.72 0.4879

Over 350 83.23 ± 0.58 82 83.79 ± 1.20 0.6751

Female Normal 810 55.43 ± 0.21 348 55.27 ± 0.35 0.7049

Over 267 71.46 ± 0.74 71 71.93 ± 1.20 0.7441

Old Male Normal 709 64.65 ± 0.28 91 66.04 ± 0.82 0.1128

Over 455 77.82 ± 0.38 56 78.88 ± 1.06 0.3339

Female Normal 1,126 54.92 ± 0.19 197 54.81 ± 0.47 0.8290

Over 596 67.67 ± 0.47 92 67.41 ± 1.57 0.8761

WC (cm)4) Young Male Normal 430 78.85 ± 0.32 118 78.92 ± 0.58 0.9150

Over 350 91.93 ± 0.44 82 90.70 ± 0.94 0.2358

Female Normal 809 72.90 ± 0.23 347 72.80 ± 0.32 0.7968

Over 266 88.23 ± 0.61 71 87.83 ± 1.11 0.7523

Old Male Normal 708 81.16 ± 0.30 91 81.90 ± 0.69 0.3242

Over 455 91.56 ± 0.31 55 90.11 ± 0.72 0.0591

Female Normal 1,126 75.91 ± 0.22 197 75.09 ± 0.44 0.0847

Over 595 89.03 ± 0.48 92 86.97 ± 1.38 0.1561

BMI (kg/m2) Young Male Normal 430 22.45 ± 0.09 119 22.47 ± 0.17 0.9065

Over 350 27.77 ± 0.14 82 27.66 ± 0.32 0.7425

Female Normal 810 21.58 ± 0.07 348 21.64 ± 0.09 0.5736

Over 267 28.05 ± 0.21 71 27.95 ± 0.42 0.8375

Old Male Normal 709 22.64 ± 0.07 91 22.78 ± 0.21 0.5372

Over 455 27.19 ± 0.09 56 27.07 ± 0.21 0.6298

Female Normal 1,126 22.39 ± 0.06 197 22.28 ± 0.14 0.4525

Over 596 28.00 ± 0.19 92 27.60 ± 0.47 0.4386

1) Young: 30 ≤ age < 45; old: 45 ≤ age < 65
2) Underweight: BMI < 18.5; normal: 18.5 ≤ BMI < 24.9; overweight: BMI ≥ 25 
3) The significance of the differences in the means between low and moderate curry consumption was tested using t-tests.
4) Waist circumference 

Table 5. continued

Variable Age1) Sex BMI2) Low (LC) Moderate (MC)
P-value3)

n Mean ± SE n Mean ± SE

Glucose (mg/dL)4) Young Male Normal 420  95.15 ± 1.09 116  92.42 ± 1.02 0.0988

Over 339  99.34 ± 1.23 79  96.38 ± 1.38 0.1068

Female Normal 772  91.45 ± 0.52 323  90.44 ± 0.43 0.1332

Over 252  99.50 ± 1.64 69 103.46 ± 5.57 0.5073

Old Male Normal 688 102.62 ± 0.90 88 107.68 ± 4.08 0.2305

Over 441 109.09 ± 1.25 50 103.79 ± 3.24 0.1250

Female Normal 1,068  96.68 ± 0.83 191  98.97 ± 2.83 0.4352

Over 560 104.96 ± 1.46 89 113.39 ± 6.82 0.2283

HbA1c (mg/dL)5) Young Male Normal 420   5.61 ± 0.04 116   5.49 ± 0.04 0.0548

Over 339   5.75 ± 0.04 79   5.71 ± 0.06 0.5097

Female Normal 772   5.48 ± 0.02 323   5.47 ± 0.02 0.8177

Over 252   5.80 ± 0.07 68   5.89 ± 0.19 0.6768

Old Male Normal 688   5.89 ± 0.04 88   5.92 ± 0.13 0.8319

Over 441   6.03 ± 0.04 50   5.99 ± 0.12 0.7707

Female Normal 1,068   5.80 ± 0.03 191   5.81 ± 0.09 0.9347

Over 559   6.09 ± 0.05 89   6.33 ± 0.22 0.2738

Table 6. Blood measurements of lipids, glucose, and HbA1c in individuals aged 30 and older with different levels of curry consumption
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Variable Age1) Sex BMI2) Low (LC) Moderate (MC)
P-value3)

n Mean ± SE n Mean ± SE

TG (mg/dL)6) Young Male Normal 421 140.43 ± 5.82 116 126.95 ± 12.21 0.3400

Over 339 219.46 ± 10.89 79 223.23 ± 25.08 0.8950

Female Normal 772  92.25 ± 3.06 323  86.24 ± 4.07 0.2084

Over 253 141.81 ± 9.22 69 119.48 ± 9.34 0.0862

Old Male Normal 688 154.57 ± 4.78 88 181.10 ± 27.37 0.3434

Over 441 199.71 ± 9.14 50 162.84 ± 12.22 0.0182

Female Normal 1,068 121.29 ± 2.90 191 116.21 ± 7.22 0.4200

Over 562 148.86 ± 5.06 89 200.47 ± 49.74 0.3034

Cholesterol (mg/dL)7) Young Male Normal 421 188.69 ± 2.03 116 186.90 ± 3.24 0.6278

Over 339 199.90 ± 2.39 79 202.62 ± 7.05 0.7161

Female Normal 772 179.23 ± 1.21 323 176.69 ± 2.07 0.2448

Over 253 192.50 ± 3.08 69 196.74 ± 6.27 0.5448

Old Male Normal 688 189.72 ± 1.64 88 192.46 ± 4.85 0.6005

Over 441 192.31 ± 2.20 50 194.10 ± 5.12 0.7498

Female Normal 1,068 198.73 ± 1.22 191 205.23 ± 2.95 0.0434

Over 562 203.19 ± 1.79 89 204.78 ± 6.00 0.7967

HDL (mg/dL)8) Young Male Normal 421  48.00 ± 0.53 116  49.02 ± 1.14 0.3972

Over 339  43.20 ± 0.56 79  43.16 ± 1.27 0.9803

Female Normal 772  54.67 ± 0.37 323  53.49 ± 0.69 0.1848

Over 253  48.75 ± 0.72 69  50.52 ± 1.67 0.3158

Old Male Normal 688  46.48 ± 0.50 88  46.55 ± 1.30 0.9595

Over 441  42.67 ± 0.46 50  43.63 ± 1.44 0.5125

Female Normal 1,068  51.82 ± 0.37 191  52.26 ± 0.94 0.6598

Over 562  48.73 ± 0.54 89  46.54 ± 1.16 0.0691

1-3) Refers to Table 5.
4-8) Were measured during a fasting state.
6) Triglyceride levels
8) High density lipoprotein cholesterol levels

Table 6. continued

Correlates Glucose HbA1c TG Cholesterol HDL

Age1) 0.0247 < 0.0001 0.8585 < 0.0001 0.2568

Sex 0.8376 0.2166 0.0010 0.3775 < 0.0001

BMI2) 0.0079 0.0002 0.0267 < 0.0001 < 0.0001

Hypertension 0.0928 0.5600 0.0001 < 0.0001 0.4125

Hypercholesterolemia 0.3227 0.0002 0.0043 < 0.0001 < 0.0001

Hypoalphalipoproteinemia 0.4259 0.4130 < 0.0001 < 0.0001 < 0.0001

Hypertriglyceridemia 0.0093 0.7206 < 0.0001 < 0.0001 < 0.0001

Diabetes < 0.0001 < 0.0001 0.0305 < 0.0001 < 0.0001

Supplement use3) 0.9910 0.8761 0.7448 0.3131 0.2835

Vigorous exercise4) 0.1541 0.1244 0.9978 0.0619 0.1368

Moderate exercise5) 0.0111 0.0183 0.6914 0.0537 0.0702

Walking6) 0.7382 0.4907 0.7037 0.9414 0.5262

Tobacco use7) 0.6724 0.0046 0.0026 0.4060 0.0029

Instant noodle consumption8) 0.4235 0.4483 0.6620 0.1442 0.0096

1) Young: 30 ≤ age < 45; old: 45 ≤ age < 65
2) Normal: 18.5 ≤ BMI < 24.9; over: BMI ≥ 25 
3) Dietary supplement use during the last year 
4-6) Low: “never” or “one day per week”; intermediate: 2-4 days per week; high: 5-7 days per week 
7) Tobacco use 
8) Low: “almost never”, “once per month” or “2-3 times per month”; high: “once per week”, “2-4 times per week”, or “5-6 times per week”

Table 7. The determination of confounding variables for blood measurement by an analysis of covariance
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Variable Age1) Sex BMI2) Low (LC) Moderate (MC)
P-value3)

Mean ± SE Mean ± SE

Glucose (mg/dL)4) Young Male Normal  98.58 ± 1.57  95.93 ± 1.08 0.0646

Over  98.33 ± 0.99  98.64 ± 1.56 0.8404

Female Normal  97.95 ± 1.47  97.70 ± 1.47 0.6766

Over  99.27 ± 0.86  99.61 ± 4.31 0.9373

Old Male Normal  98.25 ± 0.53  98.78 ± 1.90 0.7938

Over 100.69 ± 0.77  94.58 ± 2.54 0.0289*

Female Normal  98.10 ± 0.74 102.05 ± 2.60 0.1125

Over  98.94 ± 0.89 105.34 ± 4.54 0.1822

HbA1c (%)5) Young Male Normal   5.71 ± 0.05   5.63 ± 0.04 0.0490*

Over   5.68 ± 0.04   5.74 ± 0.05 0.1821

Female Normal   5.65 ± 0.05   5.66 ± 0.06 0.6506

Over   5.82 ± 0.05   5.69 ± 0.13 0.3501

Old Male Normal   5.78 ± 0.04   5.77 ± 0.10 0.9378

Over   5.84 ± 0.04   5.82 ± 0.09 0.7946

Female Normal   5.77 ± 0.06   5.81 ± 0.08 0.4841

Over   5.94 ± 0.04   6.11 ± 0.14 0.2417

TG (mg/dL)6) Young Male Normal 146.74 ± 5.74 145.01 ± 11.41 0.8531

Over 155.44 ± 8.06 163.68 ± 14.51 0.6812

Female Normal 129.51 ± 5.53 124.35 ± 5.33 0.0630

Over 145.37 ± 6.47 123.54 ± 6.06 0.0020*

Old Male Normal 143.03 ± 5.18 161.02 ± 17.42 0.3224

Over 142.66 ± 6.37 134.36 ± 10.74 0.4103#

Female Normal 131.44 ± 2.83 131.21 ± 4.55 0.9550

Over 136.32 ± 4.96 141.45 ± 13.15 0.7109

Cholesterol (mg/dL)7) Young Male Normal 193.57 ± 2.48 192.27 ± 3.37 0.7338

Over 197.37 ± 2.43 204.79 ± 6.92 0.3461

Female Normal 187.00 ± 3.23 184.44 ± 2.98 0.2115

Over 198.35 ± 2.12 194.29 ± 3.75 0.3698

Old Male Normal 193.10 ± 1.46 194.55 ± 3.70 0.7262

Over 195.05 ± 3.13 203.79 ± 5.56 0.1187

Female Normal 198.16 ± 1.09 203.78 ± 2.79 0.0646#

Over 201.55 ± 1.76 198.44 ± 4.78 0.5571

HDL (mg/dL)8) Young Male Normal  46.74 ± 0.57  47.41 ± 1.05 0.5468

Over  44.75 ± 0.73  46.08 ± 1.06 0.2834

Female Normal  52.44 ± 0.59  51.22 ± 0.76 0.1107

Over  50.03 ± 0.80  51.69 ± 1.32 0.1319

Old Male Normal  47.37 ± 0.53  45.75 ± 1.14 0.1333

Over  46.15 ± 0.65  47.21 ± 1.29 0.3657

Female Normal  52.18 ± 0.63  51.98 ± 0.98 0.8241

Over  49.30 ± 0.67  47.11 ± 0.94 0.0112*
1-8) Refer to Table 6.
* The difference between the two levels of curry consumption became significant after adjusting for the covariates
# The difference between the two levels of curry consumption became insignificant after adjusting for the covariates

Table 8. The blood measurements of lipids, glucose, and HbA1c in individuals aged 30 and older with different levels of curry consumption after adjustments for identified
covariates 

DISCUSSION

Curry is the major curcumin-containing food in the Korean 
diet [1]. Although, only a few individuals were included in the 
HC, their mean daily turmeric intake was about 0.26 g (Table 
3). The demographic characteristics of the study subjects in the 
higher curry consumption groups resemble the curcumin 
consumers retrieved by the 24-hour recall data obtained from 
the KNHANES of years 2008-2012 [1]. The higher curry consump-
tion groups more frequently included younger individuals and 

non-apartment residents (Table 3), as previously reported [1]. 
Therefore, information on food consumption surveyed through 
24-hour recall and FFQ is comparable when the curry consump-
tion is considered. 

Compared to the LC, more individuals in the MC reported 
being in better health; they had less diagnoses of hypertension, 
dyslipidemia, and diabetes. The MC group also included more 
individuals who had healthier behaviors, as more of them used 
dietary supplements, exercised, and were non-smokers (Table 
5). Therefore, healthier individuals might consume curry more 
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often. In contrast, individuals in the MC more frequently 
consumed instant noodles that are considered an unhealthy 
food choice (Table 5). This may reflect the more frequent use 
of convenience foods by individuals in the MC which, correlates 
with the fact that curry is a convenient food. Alternatively, the 
health related behaviors observed simply represents the 
behavior of younger individuals as the mean age of the MC 
was lower compared to the LC. Since the two groups exhibited 
different health-related behaviors and diagnostic histories, it 
was critical to evaluate whether these factors confounded the 
blood measurements in this study.

All of the blood measurements were confounded by the BMI, 
which is a known correlate of the blood lipid and glucose levels 
[19,20]. The blood glucose, HbA1C, and cholesterol levels were 
influenced by age as well (Table 7). The blood TG and HDL 
levels were also affected by sex (Table 7), as reported previously 
[21,22]. Interestingly, diabetes was a confounding factor for TG, 
total cholesterol, as well as HDL cholesterol (Table 7). Hyperg-
lycaemia is associated with adverse lipid profiles [23], suggesting 
that the dysregulation of the glucose levels may affect lipid 
metabolism. Similarly, hypertriglyceridemia but not hyperchole-
sterolemia influenced the blood glucose levels (Table 7). 

Curry consumption may be beneficial in overweight (BMI ≥
25) individuals who have high levels of blood glucose or TG. 

The difference in the glucose and TG levels according to 
the curry consumption became significant in the old-male- 
overweight and young-female-overweight subgroups, respectively, 
after adjusting for the identified confounding variables (Table 
8). Blood glucose and TG levels are associated with insulin 
sensitivity [24]. Therefore, the lower levels of both the blood 
glucose and the TG in the MC may indicate that individuals 
with higher consumption of curry may have better insulin 
sensitivity than individuals in the LC. Unfortunately insulin levels 
were not assessed in the KNHANES conducted in 2012 and 2013. 
Unexpectedly, the blood HDL level adjusted for the confoun-
ding variable was significantly lower in old-female-overweight 
individuals in the MC compared to the LC. However, in this 
subgroup, the difference of the HDL level is less than 3 mg/dL, 
and the tight standard deviation within this subgroup may 
contribute to a significant difference.

Previous preclinical studies demonstrated that curcumin 
exhibits a hypolipidemic effect and enhances insulin sensitivity. 
Dietary curcumin (less than 0.05%) improves insulin resistance 
and lowers total cholesterol, free fatty acid, and TG levels in 
the blood of high-fat fed rodents [25]. Feeding curcumin also 
reduces the blood glucose levels as well as the lipid levels and 
enhances insulin sensitivity in diabetic mice [26] and diabetes- 
induced rats [27]. Therefore, studies indicate that dietary 
curcumin modulates the lipid and carbohydrate metabolism, 
subsequently lowering the blood levels of glucose, total 
cholesterol, and TG. However, this effect only occurs in diabetic 
mice or high-fat fed animals, where the blood levels of glucose 
and lipids are elevated. Dietary curcumin does not affect the 
blood glucose or the glucose-regulating enzyme activities in 
non-diabetic mice [26,27]. In addition, the cholesterol lowering 
effect is only observed in old rats with high cholesterol levels 
[5]. This may be why the effect of curry consumption only 
occurred in overweight individuals, who had higher levels of 

glucose and TG, in this study. However, the total cholesterol 
level was not altered by the curry consumption in any 
subgroups, and moderate curry consumption did not affect the 
blood glucose and lipid levels in young-male-overweight or 
old-female overweight individuals, who also had high blood 
levels of glucose and TG (Table 8). This may be because 
moderate curry consumption might not be enough to reduce 
the glucose and lipids in all individuals. 

Glycated hemoglobin (HbA1c) is used as a marker that 
estimates average blood glucose levels over a period of months 
[28]. Moderate curry consumption decreases glucose, but not 
HbA1c, in old-male-overweight individuals. The HbA1c levels were 
in the normal range (4-5.9%) in all subgroups (Table 8), which 
might cause no significant difference according to the curry 
consumption. In contrast, moderate curry consumption signi-
ficantly decreased the HbA1c, but not the glucose levels in 
young-male-normal individuals. However, in this subgroup, the 
difference of the HbA1c is only 0.1% and, more than likely, the 
very tight standard deviation within this subgroup may be 
attributed to a significant difference.

Sources of turmeric other than curry were not included in 
the FFQ conducted by KNHANES in 2012 and 2013. However, 
the primary source of turmeric in the Korean diet is curry, and 
other sources of turmeric intake are rare [1]. In addition, other 
types of curry consumption could not be estimated in this 
study. However, the usage of curry other than “curry rice” was 
very rare in spite of its use in batter for frying or sauce [1]. 
Although curry was not classified by turmeric content in the 
FFQ, this may not cause misclassification of the curry consump-
tion groups since the turmeric content is similar between 
products made by different manufacturers, and turmeric enhanced 
products are less common in the market. The accuracy of the 
self-reported levels of curry consumption could not be 
determined in this study; however, curry is usually consumed 
as a main dish, and a recall bias might be insignificant. The 
MC might include more individuals with higher total energy 
consumption. However, this likelihood may not be very high, 
since difference tests were performed within the defined BMI 
categories and the self-reported portion size for curry was 
mostly one serving (Table 1).

A major obstacle in this study was that few individuals 
consumed curry with high frequency. In addition, the effect of 
curry consumption could not be evaluated in individuals with 
a prior history of diabetes or dyslipidemia, due to the limited 
number of individuals with diabetes or dyslipidemia in each 
age-sex-BMI subgroup. Nevertheless, it is noteworthy that a 
moderate level of curry consumption (2 to 4 times per month) 
is related to lower blood levels of glucose and TG in overweight 
individuals who have high blood lipid and glucose levels, after 
estimates were adjusted for the confounding factors. Curry is 
a major curcumin-containing food in most countries other than 
South Asia, where turmeric consumption is not high. Although 
it is possible that healthier individuals may consume curry more 
often, these results are suggestive of the potential health 
benefits stemming from the consumption of curcumin through 
an ordinary diet; this should be confirmed in a longitudinal 
study in the future.
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