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Impact of Exercise on the Presence of Urinary Ketones
Based on Korea National Health and Nutrition
Examination Survey Data, 2014–2015
Jong-Min Han, Nam-Seok Joo*
Department of Family Practice and Community Health, Ajou University School of Medicine, Suwon, Korea

Background: Ketone bodies are a well-known metabolite from the utilization of fatty acids in the fasting state.
Some studies have demonstrated the metabolic benefits of urinary ketones in a specific population in whom
ketone bodies were detected. However, other studies described the influence of associated factors on the presence of urinary ketone bodies. In the present study, we analyzed lifestyle factors that are hypothesized to be related to the presence of ketone bodies in urine.
Methods: Data from the Korea National Health and Nutrition Examination Survey (KNHANES, 2014–2015)
were analyzed. The urinary ketone-positive group was defined as the population in whom urinary ketones were
detected. We compared differences in metabolic characteristics as well as lifestyle characteristics such as smoking, alcohol intake, education levels, and exercise between the urine ketone-positive and -negative groups.
Results: Of the 9,379 identified eligible subjects, the urine-ketone group showed metabolic benefits with respect to several factors such as body mass index, waist circumference, triglyceride, and high density lipoprotein
cholesterol after adjustment for sex and age. A higher proportion of urinary ketones was associated with current
smoking (P=0.050), high education level (P=0.008), and aerobic exercise (P=0.021).
Conclusion: Aerobic exercise was identified as a factor associated with the presence of urinary ketones. It is
also an important lifestyle intervention factor for the recovery of urinary ketones in patients with obesity.

Received December 30, 2019
Reviewed February 26, 2020
Accepted April 9, 2020
*Corresponding author
Nam-Seok Joo
https://orcid.org/0000-0001-5895-1800
Department of Family Practice and
Community Health, Ajou University
School of Medicine, 164 World cup-ro,
Yeongtong-gu, Suwon 16499, Korea
Tel: +82-31-219-5324
Fax: +82-31-219-5218
E-mail: jchcmc@hanmail.net

Key words: Ketone bodies, Aerobic exercise, Life style, Obesity

INTRODUCTION

regards to glucose availability. They are water-soluble molecules
produced from fatty acids8 in the liver under the physiologic state

The three major causes of death in Korea are cancer, cardiovascu-

of fasting or starvation, carbohydrate-restrictive diets, and intensive

lar disease, and cerebrovascular disease. In the United States, the

exercise,9 and pathologic states of heavy alcohol use or untreated

leading causes of death and disability are chronic diseases, like can-

type 1 diabetes mellitus.5 Ketone detection in urine can be useful

cer and diabetes.2 A close relationship exists between chronic diseas-

as a biomarker for the ketogenic metabolic state. Previously, we re-

es and obesity, which is also a major global health problem. More-

ported that ketonuria after fasting is related not only to superiority

over, obesity can cause various comorbidities, including diabetes,

in terms of basic metabolic parameters10 but also with regard to

hypertension, and dyslipidemia,5,6 and, ultimately, considerable medi-

weight loss intervention in obese people.11 The aim of this study

cal costs.7 Ketone bodies are well-known metabolites used as fuel

was to identify possible lifestyle-associated factors in relation to the

for energy generation when the human body has limitations with

presence of urinary ketone bodies in a healthy Korean population.

1

3,4
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METHODS

Data collection
The KNHANES consists of three sections: health interview sur-

Study subjects

vey, health examination survey, and nutritional survey. Based on

Data for this study were collected from 2 years (2014–2015) of

the health interview survey, we were able to exclude those with

the Korea National Health and Nutrition Examination Survey

T2DM or cancer. From the health examination survey, we acquired

(KNHANES). The KNHANES is a nationwide, population-based,

data related to metabolic characteristics, including body mass index

cross-sectional, health and nutritional survey that has been per-

(BMI, kg/m2), fasting glucose (mg/dL), total cholesterol (mg/dL),

formed by the Korea Centers for Disease Control and Prevention

triglyceride (mg/dL), high-density lipoprotein (HDL) cholesterol

since 1998. The population sampling frame of the KNHANES is

(mg/dL), low-density lipoprotein (LDL) cholesterol (mg/dL), and

obtained from the Population and Housing Census of Korea, in-

aspartate aminotransferase (AST), and alanine aminotransferase

cluding the residents in Korea, aged 1 year or older. Our study sub-

(ALT, mg/dL). From the nutritional survey, we acquired data

jects were from the second and third years (2014–2015) of the

about calorie intake (kcal/day); protein and fat intake (g/day); and

fifth KNHANES, accounting for 7,550 and 7,380 subjects, respec-

calcium, sodium, potassium, riboflavin, and niacin intake (mg/day).

tively (overall 14,930 subjects). The sex composition was 6,766

Individual data were recalculated from food intake frequency per

males (45%) and 8,164 females (55%). Of the 14,930 total sub-

day, which included 112 different foods commonly eaten by Kore-

jects, 2,283 subjects were excluded due to lack of total weighing

ans.

data, and 2,377 were excluded due to the absence of urinary ketone
data, which is key to our research. In addition, 758 subjects with

Presence of urinary ketones

type 2 diabetes mellitus (T2DM) and 133 subjects with cancer,

The presence of urinary ketones was identified by urinalysis data

which could potentially account for the presence of urinary ke-

from the health examination survey. Urinary ketone detection in

tones, were excluded from the study. Finally, 9,379 subjects (4,077

urinalysis was classified into six different categories: negative (–),

males [43%] and 5,302 females [57%]) were included in the pres-

trace (+), and positive (1+ to 4+). The population with negative

ent study. Inclusion and exclusion criteria of this research are de-

(–) urinary ketone detection was defined as the urinary ketone-

scribed in Fig. 1. The Institutional Review Board approved this

negative group, and the trace (+) and positive (1+ to 4+) popula-

study (IRB No. AJIRB-MED-EXP-19-046) and all subjects pro-

tions were defined as the urinary ketone-positive group.

vided written informed consent.

Lifestyle data
We used data from four different lifestyle factors that could pos-

KNHANES VI (2014–2015):
14,930 total subjects
(6,766 male, 8,164 female)

sibly affect the presence of ketone bodies in urine: current smoking
status, alcohol drinking status, education level, and aerobic exercise.
5,551 Exclusions
2,283 Total weighing data (–)
2,377 Urine ketone data (–)
758 History of current DM
133 History of current cancer

Smoking status defines non-smokers as those who have smoked less
than 100 cigarettes in their lifetime, ex-smokers as those who quit
smoking, and current-smokers are those who are currently smoking.
Alcohol drinking status defined non-drinkers as those who do not
consume alcohol, and current drinkers as those who drink more

9,379 Total subjects
(4,077 male, 5,302 female)

than one drink of alcohol per month each a year. Education level
was divided into four groups: elementary school, middle school,
high school, and more than university. As a lifestyle characteristic,

Figure 1. Flow diagram of subjects' inclusion and exclusion in this study. Participants in the Korea National Health and Nutrition Examination Survey (KNHANES),
2014–2015 were included. DM, diabetes mellitus.
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ate-intensity physical aerobic activity, or 1 hour 15 minutes of high-

Table 1. Comparison of metabolic characteristics between groups (n= 9,379)

intensity physical aerobic activity, or a mixture of moderate and high

Variable

intensity of physical aerobic activity per week. All lifestyle charac-

Female sex
Age (yr)
BMI (kg/m2)
Waist circumference (cm)
Fasting glucose (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
AST (mg/dL)
ALT (mg/dL)
Calorie intake (kcal/day)
Protein intake (g/day)
Fat intake (g/day)
Carbohydrate intake (g/day)
Calcium intake (mg/day)
Sodium intake (mg/day)
Potassium intake (mg/day)
Riboflavin intake (mg/day)
Niacin intake (mg/day)

teristics data were obtained from the health interview survey,
which contains direct responses by participants taking the questionnaire.

Statistical analysis
Complex sample analysis was used to weigh KNHANES data
following the guidance on statistics from the Korea Centers for
Disease Control and Prevention. General characteristics of the
study subjects included age, BMI, waist circumference, and metabolic markers including total cholesterol, triglyceride, HDL cholesterol level, fasting blood glucose, LDL cholesterol level, AST, and
ALT. In addition, daily calorie intake and macronutrients such as
carbohydrate, fat, and protein, calcium, sodium, potassium intake,
riboflavin, and niacin intake were described according to the ketone groups. The frequency of current smoking status, alcohol
drinking status, educational level, and practice of aerobic exercise
between the ketone groups were also compared using the chisquare test. The difference in the frequency of urinary ketones
among different kinds of exercise such as walking frequency, dura-

U-ketone (–, n= 8,864) U-ketone (+, n= 515)
5,018 (56.6)
42.5± 0.3
23.5± 0.1
80.6± 0.2
96.1± 0.2
186.7± 0.5
132.7± 1.5
47.1± 0.4
113.6± 0.6
22.1± 0.2
21.8± 0.3
2,168.5± 14.7
76.3± 0.8
50.7± 0.6
323.3± 2.0
510.2± 4.6
4,153.5± 50.6
3,133.3± 24.8
1.46± 0.01
17.5± 0.2

284 (55.1)
34.0± 0.8
22.7± 0.2
77.8± 0.6
96.4± 1.8
178.0± 1.6
105.2± 6.3
51.1± 1.5
107.7± 2.2
21.6± 0.6
20.4± 1.0
2,178.1± 56.3
76.5± 2.3
55.3± 2.0
305.5± 7.3
485.7± 14.2
3,935.3± 118.5
2,925.9± 80.7
1.49± 0.04
17.1± 0.5

P
0.566
< 0.001*
< 0.001*
< 0.001*
0.862
< 0.001*
< 0.001*
0.011*
0.008*
0.410
0.189
0.869
0.909
0.028*
0.020*
0.089
0.088
0.014*
0.488
0.514

Values are presented as number (%) or mean± standard error. P-values were calculated
using general linear modeling without adjustment.
*P< 0.05 on general linear modeling after adjustment for sex and age.
U-ketone (–), urinary ketone negative; U-ketone (+), urinary ketone positive; BMI, body
mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, aspartate
aminotransferase; ALT, alanine aminotransferase.

tion of walking, anaerobic exercise, and aerobic exercise was also
compared. Finally, the odds ratio of the presence of urinary ketones

cholesterol, triglycerides, and HDL and LDL cholesterol were met-

according to aerobic exercise level was calculated based on the lo-

abolically superior in the urinary ketone-positive group, with P-val-

gistic regression analysis before and after adjustments with some

ues of less than 0.05 in the general linear model after adjustment

significant influencing factors to ketonuria. The P-values were used

for sex and age. With regard to nutrition status, subjects in the uri-

to assess the significance of all analyses. Data were analyzed using

nary ketone-positive group consumed more fat but fewer carbohy-

IBM SPSS version 23.0 (IBM Corp., Armonk, NY, USA) to ac-

drates and less potassium per day.

count for the complex sampling design.

Differences in lifestyle characteristics, including smoking, alcohol
consumption, education, and exercise were compared based on the

RESULTS

presence of urinary ketones, as shown in Table 2. Comparison
based on current alcohol drinking status was not statistically signifi-

Basic metabolic and clinical characteristics of the study subjects

cant, with a P-value higher than 0.05. Individuals in the current

are shown in Table 1. The characteristics were compared between

smoker group showed a higher presence of urinary ketones than

the urinary ketone groups, and the analysis demonstrated metabol-

those in the non-smoker and ex-smoker groups. Differences were

ic superiority in subjects with urinary ketones. No significant differ-

also seen with respect to education levels, indicating that highly ed-

ence in sex ratio was observed between groups; however, the mean

ucated groups had a tendency of higher prevalence of presence of

age of the subjects was higher in the urinary ketone-negative group.

urinary ketones, though the reverse effect was observed in the high-

Basic metabolic characteristics like BMI, waist circumference, total

school group (higher ratio of urinary ketones than university-edu-
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Table 2. Comparison of lifestyle characteristics between groups
Variable
Smoking status
Non-smoker*, ex-smoker (n= 6,586)
Current smoker (n= 1,355)
Alcohol drinking status
Non-drinker† (n= 4,458)
Current drinker (n= 4,299)
Education level (graduation level)
Below elementary school (n= 2,395)
Middle school (n= 1,116)
High school (n= 2,587)
More than university (n= 2,529)
Aerobic exercise‡
Yes (n= 4,399)
No (n= 3,907)

U-ketone (–)

U-ketone (+)

6,261 (95.1)
1,262 (93.1)

325 (4.9)
93 (6.9)

Table 3. Comparison of urinary ketones according to the kinds of exercise
P
0.050

0.983
4,227 (94.8)
4,041 (94.0)

231 (5.2)
258 (6.0)

2,296 (95.9)
1,059 (94.9)
2,420 (93.5)
2,374 (93.9)

99 (4.1)
57 (5.1)
167 (6.5)
155 (6.1)

0.008

0.021
4,130 (93.9)
3,713 (95.0)

269 (6.1)
194 (5.0)

Variable
Walking* (day/wk, n= 5,892)
Duration of walking† (hr/day, n= 6,967)
Anaerobic exercise‡ (day/wk, n= 8,356)
Aerobic exercise§ (yes/no, n= 8,306)

Chi-square

Adjusted F

P

1.481
3.786
1.823
7.338

0.469
2.795
1.281
5.354

0.624
0.095
0.259
0.021

P-values represent chi-square.
*Numbers of walking days into below 1 day and above; †Numbers of walking hours
into below 1 hour and above; ‡Numbers of anaerobic exercise days into below 1 day
above; §Engaging in more than 2 hours 30 minutes of moderate-intensity physical activity or 1 hour 15 minutes of high-intensity physical activity or a mixture of moderate and
high intensity of physical activity.

Table 4. Ketonuria according to exercise
Variable
Aerobic exercise*

Model 1

Model 2

Model 3

1.28 (1.04–1.58)

1.29 (1.04–1.60)

1.00 (0.80–1.27)

Values are presented as number (%).
*Population who had smoked less than 100 cigarettes in their lifetime; †Population who
had consumed more than one alcoholic beverage in a month, within a year; ‡Engaging
in more than 2 hours 30 minutes of moderate-intensity physical activity or 1 hour 15
minutes of high-intensity physical activity, or a mixture of moderate and high intensity
of physical activity.
U-ketone (–), urinary ketone negative; U-ketone (+), urinary ketone positive.

Values are presented as odds ratio (95% confidence interval) by logistic regression under complex sample analysis.
*Engaging in more than 2 hours 30 minutes of moderate-intensity physical activity or 1
hour 15 minutes of high-intensity physical activity or a mixture of moderate and high intensity of physical activity.
Model 1, without adjustment; Model 2, adjusted for body mass index, carbohydrate,
and potassium consumption; Model 3, adjusted for age, sex, and triglycerides in addition to the factors listed in Model 2.

cated group).

el were additionally adjusted.

As shown in Table 2, the group that engaged in regular aerobic
exercise showed a higher prevalence of presence of urinary ketones

DISCUSSION

(269/4,399 [6.1%]) than the group in which the subjects did not
engage in regular aerobic exercise (194/3,907 [5.0%]). KNHANES

In the present study, data from KNHANES 2014–2015 were an-

data includes three other types of exercise, the number of days of

alyzed and a cross-sectional study for the presence of ketonuria was

walking per week, duration of walking hours per day, and the days

performed by comparing basic metabolic characteristics between

of anaerobic exercise per week. The details of the three types of ex-

the ketonuria groups and four different lifestyle factors that were

ercise are shown in Table 3. Our aim was to analyze trends in the

hypothesized to affect the presence of ketonuria. As demonstrated

presence of urinary ketones based on data from the other three ex-

in our previous study, the group demonstrating the presence of uri-

ercise groups. However, as shown in Table 3, when a chi-square test

nary ketones was superior in terms of metabolism, such as BMI,

was performed for each group of exercises, statistical significance

waist circumference, total cholesterol, triglyceride, and HDL and

was verified only for the group practicing aerobic exercise. Adjust-

LDL cholesterol concentration. Although alcohol consumption

ments were made in basic metabolic characteristics by logistic re-

was not statistically significant, a minor correlation was observed

gression, and some significant differences were observed (Table 1).

between lifestyle characteristics like smoking, education, and aero-

Three different odds ratios obtained with different adjustment fac-

bic exercise and the presence of urinary ketones.

tors are presented in Table 4. The odds ratios and 95% confidence

The relationship between urinary ketone bodies and metabolic

intervals were 1.28 (1.04–1.58) and 1.29 (1.04–1.60) before ad-

indicators including obesity has not been proven, but some studies

justment and after adjustment for BMI, carbohydrate intake, and

have demonstrated a possible connection. A study by Mohammad-

potassium intake, respectively, showing statistical significance; the

iha12 showed that metabolism in obese people has a lower tendency

odds ratio was 1.00 (0.80–1.27) when age, sex, and triglyceride lev-

toward ketosis and ketonuria, indicating difficulties in utilization of
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fatty acids and higher levels of free fatty acids or low levels of ke-

nary ketones group tended to have lower carbohydrate intake and

tones in the blood during the fasting state.

Based on such differ-

higher fat intake, which is consistent with the ketogenic diet pre-

ences in metabolic state, a low-carbohydrate, ketogenic diet can be

sented in previous studies and can be considered an effective diet

helpful for weight loss in obese people, which is of clinical impor-

for obese patients.

13,14

15

tance for physicians in treating obese patients. Some studies have

Four different lifestyle factors that can influence the presence of

also shown improvements in metabolic markers, such as blood

urinary ketones, smoking, alcohol, education, and exercise, were

pressure, lipid profile, insulin resistance, and glucose or insulin lev-

analyzed. The effect of alcohol on urinary ketones was not statisti-

els, while consuming ketogenic, low-carbohydrate diets,10,16,17 thus

cally significant, although the effects of the three other factors were

demonstrating that the ketogenic state can be related to an overall

significant. With regard to smoking status, those in the current

metabolic benefit that includes more than just weight loss in obesity.

smoker group showed a higher presence of urinary ketones than

While several reported studies have shown a relationship between

those in the non-smoker and ex-smoker groups. Our results sug-

ketogenic state, especially ketonuria, and metabolic state, few stud-

gest that smoking can lead to a ketogenic state in the body, and

ies have discussed factors that affect the presence of urinary ketone

these ketones can be measured by urinalysis. Existing studies about

bodies, which can be useful biomarkers for the ketogenic state. As a

smoking and obesity have shown that smoking cessation can lead

biomarker for the ketogenic metabolic state, ketone detection in

to body weight gain based on the fact that nicotine is both an appe-

urine can be helpful. As a screening tool, ketonuria, which can be

tite suppressant and metabolic stimulant.23-25 Collectively, it can be

easily measured by urinalysis, can be a useful tool to estimate the

concluded that smoking can be beneficial for obese patients for

ketogenic state of the body. We have already reported that ketonu-

weight loss; however, the benefits of smoking for weight loss do

ria after fasting can be related to superiority not only with regard to

not outweigh its cardiovascular risks.26 In addition, highly educated

basic metabolic parameters18 but also in terms of weight loss inter-

groups exhibited a tendency of higher prevalence of presence of

vention in obese people.

urinary ketones, though the reversal was observed in the high-

19

In the present study, the urinary ketones group showed metabolic

school group with the presence of a higher ratio of urinary ketones

superiority in terms of several factors, including BMI, waist circum-

than the university-educated group. Previous studies about the re-

ference, total cholesterol, and triglycerides compared with the non-

lationship between education and obesity have shown that those in

ketones group. This result is consistent with the results of our pre-

the highly-educated group have a higher socioeconomic status and

vious study in which we demonstrated metabolic superiority in

a lower tendency of becoming obese.27,28 An Organisation for Eco-

weight, BMI, waist circumference, lipid, and blood pressure in indi-

nomic Co-operation and Development (OECD) health report also

viduals with urinary ketones. The present results imply that the

documented that education provides individuals with better access

presence of urinary ketones can be employed as a metabolic bio-

to information and improved critical thinking skills, which suggests

marker associated with a patient’s current metabolic status and re-

that non-obese individuals in the lower social class group have bet-

sponse to obesity treatment. In addition, basic metabolic character-

ter knowledge about food than obese individuals in the same

istics were compared, and data about calorie, fat, and carbohydrate

group.29 The present study also indicates that individuals in the

intake, which are the main concerns related to the low-carbohy-

highly educated group exhibited a higher prevalence of the pres-

drate and high/low-fat diet for weight reduction and metabolism,

ence of urinary ketones, a higher ketogenic status of the body, and

were included. Some studies have suggested a low-carbohydrate

a lower tendency toward obesity possibly due to their better knowl-

diet as an alternative to a low-fat diet for weight loss,

edge about food intake.

18

20,21

and one

study on low-carbohydrate, high-protein, and high-fat diets sug-

We also analyzed the effect of exercise and found that the group

gested that more significant weight loss was achieved in 1 year

that practiced aerobic exercise showed a higher tendency for the

compared with conventional diets, although the significance did

presence of urinary ketones. The positive effect of increased physi-

not extend past the first year. In this study, individuals in the uri-

cal activity or exercise on metabolic syndrome, obesity, and insulin

22
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sensitivity has already been mentioned in many previous studies.29

and triglyceride concentration is needed in the future.

In our study, only the effects of aerobic exercise were analyzed,

In conclusion, exercise is a clinically important factor determin-

which can be a limitation, based on recent information suggesting

ing the presence of urinary ketones and may be a useful education

anaerobic exercise may also be effective in reducing fat mass. After

tool for the treatment of obese patients.

adjusting for confounding factors like BMI, carbohydrate intake,
and potassium intake, statistical significance for aerobic exercise
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