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Objective: Low cholesterol is associated with depression among western countries. The objective of this study was to examine
the relationship between cholesterol and depression in Korean population with low levels of serum cholesterol.
Methods: The data of about 740,000 individuals, aged 30-64 years at entry in the Korean Cancer Prevention Study, were
used. Total cholesterol levels were measured in 1992. Depression was measured using the modified DSM-IV (Diagnostic
Criteria of Major Depressive Episode in Diagnostic and Statistical Manual of Mental Disorders-IV) scale. Total cholesterol
was classified into four groups (quartile). Odds Ratios of low level of cholesterol were evaluated using multi-variable logistic
models.

Results: The prevalence of major depression was 7.7% in men and 10.4% in women. After adjustment for various confounding
variables, an inverse association was detected between cholesterol levels and depression intensity among men and women.
The odds ratio (95% confidence interval) of the lowest quartile of cholesterol was 1.16 (1.13-1.20) on major depression
compared with the highest quartile of cholesterol in men. The corresponding odds ratio among women was 1.09 (1.04-1.15).
The strongest association among 9 items of depression was found at "decreased appetite and lost weight" in both men
(OR=1.68) and women (OR=1.43).

Conclusion: Low cholesterol is associated with major depression in men and women. Further studies are necessary to
evaluate the cross-validation, to explore the biological mechanism, and to identify the clinical implication.
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Table 1. Translated version of the depression questionnaire '

utilized in the Korean Cancer Prevention Study

Read each of the following statements
carefully. Check 'yes' if the statement

Mo describes your current state. Check Ves i e
no’ if you feel it does not.
* (24-1") | feel depressed with no particular
reason.

2% (24-2") | have lost interest, pleasure, and
sexual desire in daily life.

3% (21-5") | have decreased appetite and lost
weight.

4% (16') | have difficulty getting to sleep or
staying asleep.

* (24-5") | feel agitated and restless.

6% (17")  Recently, there are times when | feel
very tired without any particular
reason.

7% (24-3") | feel worthless or excessively guilty.
8+ (24-6") My memory is declining and | have
difficulty concentrating.
9+ (24-4") | occasionally have thoughts about

suicide.

* Modified Diagnostic Criteria of Major Depressive Episode
in Diagnostic and Statistical Manual of Mental Disorders-IV

* was the number in the paper published by Chang et al.
(2013).

" () was the number in original questionnaire in 1992.
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Table 2. General characteristics of the study population

Depression in men

Depression in women

(N=614,043) (N=122,914)
Major Minor Free Major Minor Free

N (%) 47,343(7.7) 121,914(19.9) 444,786(72.4) 12,747(10.4) 26,528(21.6) 83,639(68.0)
Age (year) 42 1+8.4 44 .849.0 42 1£8.6 38.2£7.3 38.417.6 37.917.3
Total cholesterol (mg/dL) 188.7+£35.6 192.2+35.5 190.3435.1 181.9+34 .4 183.2434.8  182.7+34.9
Body mass index (kg/mZ) 23.0£2.5 234425 234425 214425 21.6£2.5 21.612.4
Height (cm) 169.2451 169.0+5.0 169.245.1 157.9+4 4 157.944.3 157.9+4 4
Past history (%)

Hypertension (yes) 30.5 36.3 347 10.8 12.0 12.0

Diabetes (yes) 48 5.6 3.8 1.0 1.0 0.9

Any cancer (yes) 0.4 04 0.2 0.6 0.4 0.3
Alcohol consumption (No, %) 18.1 20.2 21.2 79.5 83.1 86.0
Smoking status (%)

Ex smoker 18.9 21.0 20.0 0.5 04 04

Current smoker 65.3 60.1 58.2 0.4 0.2 0.3
Physical activity (No, %) 823 75.2 69.9 90.7 88.9 86.2

Data are presented as the MeanzSD, SD; standard deviation
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Table 3. Odds Ratios for association between total cholesterol and subgroup according to total cholesterol in men

Total cholesterol (mg/dL)

<166 166-188 189-213 >214 p value

Depression Major Case 12,559 12,398 11,327 11,059
OR 1.16(1.13-1.20) 1.08(1.05-1.11) 1.02(1.00-1.05) 1.0 <.0001

Age (year) 30-39 Case 6,856 5,954 4,727 3,850
OR 1.23(1.18-1.28) 1.13(1.08-1.17) 1.04(1.00-1.09) 1.0 <.0001

40-49 Case 3,439 3,936 3,812 3,971
OR 1.11(1.06-1.17) 1.10(1.05-1.15) 1.02(0.97-1.06) 1.0 <.0001

>50 Case 2,264 2,508 2,788 3,238
OR 1.15(1.09-1.22) 1.01(0.96-1.07) 1.00(1.00-1.01) 1.0 <.0001

Hypertension Yes Case 3,141 3,517 3,577 4,179
OR 1.14(1.09-1.20) 1.07(1.02-1.12) 1.00(0.96-1.05) 1.0 <.0001

No Case 9,418 8,881 7,750 6,880
OR 1.17(1.14-1.21) 1.90(1.05-1.13) 1.04(1.00-1.07) 1.0 <.0001

Diabetes Yes Case 440 472 541 812
OR 1.17(1.03-1.32) 1.08(1.00-1.21) 1.00(0.89-1.11) 1.0 0.0101

No Case 12,119 11,926 10,786 10,247
OR 1.16(1.13-1.20) 1.08(1.05-1.11) 1.03(1.00-1.06) 1.0 <.0001

Cancer Yes Case 48 42 45 42

OR 1.03(0.65-1.62) 0.91(0.57-1.44) 1.08(0.68-1.70) 1.0 0.9045

No Case 12,511 12,356 11,282 11,017
OR 1.16(1.13-1.20) 1.08(1.05-1.11) 1.02(1.00-1.05) 1.0 <.0001

Smoking Yes Case 10,492 10,443 9,526 9,424
OR 1.16(1.12-1.19) 1.08(1.05-1.12) 1.02(0.99-1.05) 1.0 <.0001

No Case 2,067 1,955 1,801 1,635
OR 1.19(1.11-1.28) 1.08(1.00-1.15) 1.06(0.99-1.13) 1.0 <.0001

Drinking Yes Case 10,180 10,241 9,275 9,096
OR 1.14(1.11-1.18) 1.08(1.05-1.11) 1.02(0.98-1.05) 1.0 <.0001

No Case 2,379 2,157 2,052 1,963
OR 1.21(1.14-1.29) 1.03(1.00-1.13) 1.05(0.99-1.12) 1.0 <.0001

OR; Odds ratio
2 3
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Table 4. Odds Ratios for association between total cholesterol and subgroup according to total cholesterol in women

Total cholesterol (mg/dL)

<159 159-180 180-203 >204 o value
Depression Major Case 3,275 3,374 3,048 3,050
OR 1.09(1.04-1.15) 1.05(0.99-1.10) 1.03(0.98-1.09) 1.0 0.0015
Age (year) 30-39 Case 2,526 2,344 1,900 1,474
OR 1.11(1.04-1.91) 1.05(0.98-1.13) 1.05(0.98-1.13) 1.0 0.0034
40-49 Case 657 826 818 866
OR 1.11(0.99-1.23) 1.07(0.97-1.18) 1.01(0.91-1.12) 1.0 0.0381
>50 Case 92 204 330 710
OR 0.84(0.67-1.05) 1.00(0.85-1.19) 1.02(0.89-1.17) 1.0 0.3252
Hypertension Yes Case 207 298 335 540
OR 0.96(0.81-1.15) 1.02(0.88-1.19) 0.97(0.84-1.12) 1.0 0.8563
No Case 3,068 3,076 2,713 2,510
OR 1.11(1.05-1.17) 1.05(0.99-1.11) 1.05(0.99-1.11) 1.0 0.0007
Diabetes Yes Case 15 28 21 67
OR 0.87(0.47-1.62) 1.37(0.84-2.25) 0.83(0.49-1.41) 1.0 0.8135
No Case 3,260 3,346 3,027 2,983
OR 1.09(1.04-1.16) 1.04(0.99-1.10) 1.04(0.98-1.09) 1.0 0.0016
Cancer Yes Case 20 14 15 24
OR 1.20(0.60-2.39) 0.82(0.39-1.73) 0.87(0.43-1.79) 1.0 0.7026
No Case 3,255 3,360 3,033 3,026
OR 1.09(1.04-1.15) 1.05(0.99-1.10) 1.03(0.98-1.09) 1.0 0.0016
Smoking Yes Case 28 36 37 22
OR 1.79(0.96-3.33) 1.83(1.02-3.30) 1.98(1.12-3.51) 1.0 0.0978
No Case 3,247 3,338 3,011 3,028
OR 1.09(1.03-1.15) 1.04(0.97-1.10) 1.03(0.97-1.09) 1.0 0.0022
Drinking Yes Case 644 705 632 634
OR 0.94(0.84-1.07) 0.95(0.84-1.06) 0.95(0.84-1.07) 1.0 0.3544
No Case 2,631 2.669 2,416 2,416
OR 1.13(1.07-1.20) 1.07(1.01-1.14) 1.05(1.00-1.12) 1.0 <.0001
OR; Odds ratio
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Table 5. Odds Ratios for association between total cholesterol and questions of depression

Total cholesterol (mg/dL)

ltem # <166 166-188 189-213 >214

Men 1 1.05(1.03-1.07) 1.03(1.00-1.05) 0.99(0.97-1.01) 1.0
2 1.03(1.01-1.05) 1.01(0.99-1.02) 1.00(0.98-1.01) 1.0

3 1.68(1.63-1.73) 1.37(1.33-1.41) 1.18(1.15-1.22) 1.0

4 1.16(1.14-1.19) 1.07(1.05-1.09) 1.03(1.01-1.05) 1.0

5 1.06(1.03-1.09) 1.02(1.00-1.05) 0.99(0.97-1.02) 1.0

6 1.02(1.01-1.04) 1.01(0.99-1.02) 1.00(0.99-1.02) 1.0

7 1.11(1.08-1.14) 1.06(1.03-1.09) 1.02(1.00-1.05) 1.0

8 0.98(0.97-1.00) 0.99(0.98-1.00) 0.99(0.98-1.00) 1.0

9 1.14(1.09-1.19) 1.08(1.03-1.13) 1.01(0.96-1.05) 1.0

[tem <159 159-180 180-203 >204

Women 1 1.03(0.99-1.07) 1.02(0.98-1.05) 1.03(1.0-1.07) 1.0
2 1.04(1.00-1.09) 1.02(0.98-1.06) 1.03(0.99-1.08) 1.0

3 1.43(1.33-1.52) 1.21(1.13-1.29) 1.13(1.05-1.21) 1.0

4 0.96(0.92-1.01) 0.95(0.91-0.99) 0.96(0.92-1.01) 1.0

5 1.02(0.97-1.71) 0.99(0.94-1.04) 1.01(0.96-106) 1.0

6 1.12(1.08-1.15) 1.07(1.08-1.15) 1.06(1.02-1.09) 1.0

7 1.08(1.02-1.15) 1.04(0.98-1.11) 1.01(0.95-1.07) 1.0

8 1.06(1.02-1.09) 1.03(1.00-1.07) 1.04(1.01-1.08) 1.0

9 1.01(0.94-1.10) 1.03(0.96-1.12) 1.02(0.94-1.10) 1.0

1. | feel depressed with no particular reason.

. | have lost interest, pleasure, and sexual desire in daily life.

. | have decreased appetite and lost weight.
. | have difficulty getting to sleep or staying asleep.
. | feel agitated and restless.

. | feel worthless or excessively guilty.

. My memory is declining and | have difficulty concentrating.

2
3
4
5
6. Recently, there are times when | feel very tired without any particular reason.
7
8
9

. | occasionally have thoughts about suicide.SD: standard deviation.

MEN

1.5 1.5
o 2
< o
o
- 14 2 14
3 3
(o]

0.5 0.51

WOMEN

\

0 25 50 75 100 125 150 175 200 225 250 275 300
Total Cholesterol (mg/dL)

0 25 50 75 100 125 150 175 200 225 250 275 300
Total Cholesterol (mg/dL)

Fig. 1. The relationship between serum total cholesterol and depression.
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