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ABSTRACT

Objectives: Reduced glucose utilization in the main parts of the brain involved in
memory is a major cause of Alzheimer’s disease, in which ketone bodies are used as the
only and effective alternative energy source of glucose. This study examined the effects
of a low-carbohydrate and high-fat (LCHF) diet supplemented with a ketogenic nutrition
drink on cognitive function and physical activity in the elderly at high risk for dementia.

Methods: The participants of this study were 28 healthy elderly aged 60-91 years
showing a high risk factor of dementia or whose Korean Mini-Mental State
Examination (K-MMSE) score was less than 24 points. Over 3 weeks, the case group
was given an LCHF diet with nutrition drinks consisting of a ketone/non-ketone ratio
of 1.73:1, whereas the control group consumed well-balanced nutrition drinks while
maintaining a normal diet. After 3 weeks, K-MMSE, body composition, urine ketone
bodies, and physical ability were all evaluated.

Results: Urine ketone bodies of all case group subjects were positive, and K-MMSE
score was significantly elevated in the case group only (p=0.021). Weight and BMI
were elevated in the control group only (p<0.05). Grip strength was elevated in all
subjects (p<0.01), and measurements of gait speed and one leg balance were improved
only in the case group (p<0.05).

Conclusions: We suggest that adherence to the LCHF diet supplemented with a ketogenic
drink could possibly influence cognitive and physical function in the elderly with a high
risk factor for dementia. Further, we confirmed the applicability of this dietary intervention
in the elderly based on its lack of any side effects or changes in nutritional status.
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Ketogenic nutrition drink

Balanced nutrition drink

Amount (g/125 ml) Calories (keal) Amount (g/200 ml) Calories (kcal)
Carbohydrate (g) 1.65 6.6 27 108
Protein (Q) 6 24 8 32
Fat (9) 13.3 119.7 7 63
Energy 150 200
Ketogenic ratio” 1.7:1
C:P:F? 4:16:80 53:16:31
Vitamin A (ug RE) 140 200
Vitamin B, (Mg) 0.3 0.3
Vitamin B, (Mg) 0.3 0.4
Vitamin B, (Mg) 0.3 0.4
Vitamin B, (1Q) 0.5 0.6
Vitamin C (mg) 20 20
Vitamin D (uQ) 1.4
Vitamin E (Mgo-TE) 2.1
Folic acid (ng) 80 85
Zinc (MQ) 2 24

1) Ketogenic ratio=Fat : Protein+Carbohydrate (g of ratio)
2) C: P: F=Carbohydrate : Protein:Fat (% of calorie)
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Table 2. General characteristics of study subjects

Total Test group Confrol group
(n=28) (n=13) (n=19) p-value?
n % n % n %
Gender
Male 7 25.0 6 46.2 1 6.7 0.023*
Female 21 75.0 7 53.8 14 93.3
Age (year)
60 - 64 9 32.1 1 7.7 8 53.3
65 -69 8 28.6 3 23.1 5 33.3 0.007 **
> 70 11 39.3 9 69.2 2 13.3
Average age 67.93 + 5,66 71.46 + 5,16 64.87 = 417
BMI (kg/m?)? 25,25 + 2,71 25.38 + 3.17 25,12 + 2.30 0.806
Exercise (time/week)
<1 6 21.4 1 7.7 5 33.3
2 1 3.6 0 0.0 1 6.7 0.329
3 10 35.7 8 61.5 2 13.3
>4 1 39.3 4 30.8 7 46.7
Exercise (min/time)
<10 4 14.3 1 7.7 3 20.0
0.007**
10-30 6 21.4 0 0.0 6 40.0
> 30 18 64.3 12 92.3 6 40.0
Education level
< High school graduate 14 50.0 7 53.8 7 46.7 0.450
High school graduate 9 32.1 3 23.1 [¢) 40.0
College or higher 5 17.9 3 23.1 2 13.3
Household type
Single person 6 21.4 2 15.4 4 26.7 0.393
2 - 3 members 19 67.9 10 76.9 9 60.0
= 4 members 3 10.7 1 7.7 2 13.3
Alcohol (days/week)
None 20 71.4 8 615 12 80.0
0.156
1-3 7 25.0 4 30.8 3 20.0
>4 1 3.6 1 7.7 0 0.0
Smoking (cigarette/day)
None 27 96.4 12 92.3 15 100.0
0.337
1-8 1 3.6 1 7.7 0 0.0
=5 0 0.0 0 0.0 0 0.0

1) Values are means + SD
2) BMI : Body mass index
3) Significantly different at p<0.05 by Chi-square fest, independent t-test. *: p<0.05, **: p<0.01, ***. p<0.001
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Table 3. Personal and family disease history of risk factors for dementia

Varidoles Test group (N=1 3o Control group (n= 105] pvalue?
n % n %o
Past medical history
Hypertension Yes 5 38.5 9 60.0 0.256
No 8 61.5 6 40.0 '
Dicbetes Yes 2 15.4 5 33.3
No 11 84.6 10 66.7 0.274
Dyslipidemia Yes 4 30.8 5 33.3 0.885
No 9 69.2 10 66.7 '
Dementia Yes 0 0.0 0 0.0 NAY
No 13 100.0 15 100.0
Cardiovascular disease Yes 0 0.0 1 6.7 0.343
No 13 100.0 14 93.3 '
Family history
Hypertension Yes 1 7.7 3 20.0
No 12 92.3 12 80.0 0.383
Diclbetes Yes 4 30.8 2 13.3
No 9 69.2 13 86.7 0.262
Dyslipidemia Yes 0 0.0 0 0.0 NA
No 13 100.0 15 100.0
Dementia Yes 0 0.0 1 6.7
No 13 100.0 14 93.3 0.343
Cardiovascular disease Yes 2 15.4 2 13.3 0877
No 1 84.6 13 86.7 '
Other medical history”
Yes 8 61.5 2 13.3
ok
No 5 38.5 13 86.7 0.008
1) Other medical history included osteoporosis, stroke, parkinson’s disease and hypotension.
2) Significantly different at p<0.05 by Chi-square fest. **: p<0.01
3) NA : None applicable.
Table 4. Adherence 1o the dietary infervention for low-carbohydrate and high-fat diet
) Adherence of Test group (n=13)
Servings/day = % Vean =SD
N. of carbohydrate intake
Up fo 1.5 servings 3 23.1 1
Up to 2 servings 12 92.3 1722033
N. of protein intake
More than 4 servings 4 30.8 3.44 £ 1.49
N. of oil infake
More than 5 servings 3 23.1
More than 4 servings 8 61.5 430+ 0.00
N. of vegetable intake
Up fo 4 servings 9 69.2
Up to 4.5 servings 10 76.9 360 =144
N. of fruits infake
Up to 1 serving 3 23.1
Up fo 1.5 servings 7 53.8 1:34 =067
N. of nuts intake
More than 2 servings 9 69.2
More than 1.5 servings 12 92.3 2:39 054
N. of dairy intake
Up fo 1 serving 9 69.2 1.156+1.29
N. of water intake
More than 5 cups 8 69.2 514 +1.19

Each nutrients standard was established in accordance with the LGIT (Low Glycemic Index freatment) for dietary compliance sur-
vey. All subjects had recorded daily number of serves from each of the 8 food groups including carbohydrate, protein, oil, veg-
etables, fruits, nuts, dairy products, and water. The above figures are the average intake of three weeks.

1) Values are means = SD
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Table 5. Change in the Korean Mini-Mental State Examination (K-MMSE) score by each group
Test group (N=13) Confrol group (n=15)

Baseline 21 days A210-0d? o- Baseline 21 days A210-0d o- ﬁmep-)\(/delll:]()eupzlj

(n=13) (n=13) (n=13) valug® (n=15) (n=15) (n=15) value
Total score Of KMMSE - 24,15 + 3917 26,15 +2.48 2.00 +2.71 0.021* 2500 +2.83 2593 +296 093 +258 0.182 0.296
Orientation fo fime 431+1.18 454=113 023+1.01 0427 473+x059 460=x074 -0.13=083 0546 0.306
Orientation to place 469+085 485+055 0.15+1.07 0613 453+074 487+035 033+082 0.136 0.619
Registration 285+055 300x000 0.15+055 0337 300+000 300+000 000=000 NA 0.337
Calculation 3.46+133 346145 000+129 1.000 353+130 387+141 033=1.18 029 0.481
Memory recall 1.85+090 246 =066 062+077 0014* 240+0.74 247064 007 =080 0.751 0.076
Language 623+154 700100 0.77+1.17 0035* 607096 647113 040=091 0.111 0.356
Visuospatial 0.77 +044 085=038 008049 0582 073+046 067=049 -007=046 0582 0.432

1) Values are means = SD

2) Difference between baseline and 21 days
3) Significance as determined by paired f-test, Wilcoxon signed rank test (post hoc test).
4) Significant Time x Group inferaction effect at p<0.05 by paired f-test.
* p<0.05, ** p<0.01, *** p<0.001
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Table 6. Changes in anthropometry and body composition by each group

Test group (N=13) Control group (N=13) p-value Time x Group®
A10d0d?  A210-100®  421d-0a” A100-0d A210-10d A21d-0d
(=13 (=13 (n=13) =13 (=13 (n=13) A100-0d 4210-10d 421d-0d

Body weight (kg) -0.32+0.64" 028 +049 -005+0.83 027 +0.44* 0.18=+052045+048* 0011* 0618 0078
Skeletal muscle mass (kg) -0.15+0.78 0.12+0.71 -002+0.73-003 +0.34 0.22+0470.19 +0.38 0.630 0.675 0.352
Body fat mass (kg) 000=1.15 011122 011+035 035+0.74 -0.08+0.730.27 +0.65 0.372 0.644 0.668
BMI? (kg/m?) -012+025 012+025 000=+0.35 0.13+0.18* 0.06 +0.240.18 =0.19** 0.008* 0526 0.111
Percent body fat (%) 033+£192 -003+1.94 030x194 045+1.05 -025+1.11021 =101 0.841 0.733  0.880
Waist-hip ratio 000+002 000+0.02 000=+002 001+0.02 0.00=+0.02001 =002 0.525 0610  0.269
Visceral fat level 008+112 000+091 008=+104 015+069 008+049023=069 0834 0.792 0.648

1) Values are means = SD

2) Difference between baseline and 10 days

3) Difference between 10 days and

21 days

4) Difference between baseline and 21 days
5) Significant Time x Group interaction effect at p<0.05 by paired f-test, Wilcoxon signed rank test (post hoc test).
* p<0.05, ** p<0.01, ***: p<0.001

6) BMI : Body mass index
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Table 7. Changes in the physical fitness of daily living by each group

Test group (N=13) Control group (n=14) p-value
Baseline 21 days A210-0d? Baseline 21 days A21d-0d  Time x Group”
Grip sfrength (kg)
Left hand 1741 = 814V 2291 +7.46 550 = 4.37*%* 1826 + 656 2215514 3.89 + 3.28** 0.194
Right hand 20.23 = 10.89 24.27 +8.21 4,04 + 4.40** 1903 £7.33 2270+576 3.67 £ 4.45%* 0.526
Ogilee%?szg‘ce' S 314+ 225 435+257 1.20+174* 384+319 376+299 008278 0.166
Gait speed 4 m (sec) 497+ 090 413 +068 -0.83+0.88** 430=*0.57 417 £057 -013+024 0.008**

1) Values are means = SD
2) Difference between baseline and 21 days

3) Significant Time x Group interaction effect at p<0.05 by paired f-test, Wilcoxon signed rank test (post hoc test).

* p<0.05, **; p<0.01, ***; p<0.001
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