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Introduction

Although the mechanism causing low serum cholesterol 
in acute and chronic illness has not been established 
yet, parenteral administration of lipopolysaccharide 
or cytokine mediators of inflammation experimentally 
reduces cholesterol levels (Auerbach and Parks, 1989). 
The controversial inverse association has stimulated 
an examination of cholesterol and non-coronary 
mortality associations , but the literature is sparse and 
the conclusions are not robust. The effects of lowering 
cholesterol with medications on total mortality and death 
attributable to coronary heart disease (CHD), non-CHD, 
stroke, non-CVD, cancer, and non-illness mortality (NIM), 
predominantly accidents, violence, and suicides have been 
investigated in several primary prevention studies(Kim et 
al., 2014; Krycer and Brown, 2013; Tanaka and Okamura, 
2012). 

Longitudinal cohort studies and clinical trials found 
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a significant risk associated with low serum cholesterol 
and non-CVD mortality (Parsa et al., 2017). These 
associations were due to preclinical conditions because 
the inverse association was attenuated or disappeared by 
excluding early death (Cambien etal., 1980). However, 
other studies demonstrated that preclinical effects were 
not the entire explanation for the association between low 
serum cholesterol and non-CVD related deaths (Parsa et 
al., 2018). A higher mortality rate of non-cardiovascular, 
non-cancer causes was also noted in observational studies 
(Sahebzamani et al., 2013) and among treated cohorts in 
several cholesterol lowering trials (Holme, 1991). These 
observations were examined, using a meta-analyses of 
32 randomized clinical trials and 19 cohort studies, in the 
1990 National Heart, Lung, and Blood Institute of National 
Institute of Health (NIH) Conference (Jacobs et al., 1992). 
No study to date has shown that lowering cholesterol 
extends overall survival. A number of observational 
cohort studies in a variety of settings found that all-cause 
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mortality has a “U”, “J”, or “L” shaped relationship 
to serum cholesterol (Bowe et al., 2016; Hasegawa et 
al., 2016). Therefore, this study aimed to determine if 
low serum cholesterol (< 160 mg/dl) is a risk factor for 
non- CVD mortality.

Materials and Methods 

Study population 
This longitudinal study was conducted on 64,957 

Italian patients and examined 19 out of 52 risk factors 
and life expectancy (RIFLE) cohort studies using a 9-year 
follow up as the endpoint.

Sample size 
There were 30,179 males and 26,005 females aged 

20-69 years (Figure 1). Underlying causes of death 
were coded based on the International Classification 
of Diseases, 10th revision (World Health Organization, 
2010). 

Baseline measurements
Total serum cholesterol was measured in patients’ 

blood samples drawn after a 12-hour fast. Several 
automated enzymatic methods were employed by all 
involved laboratories based on WHO Regional Lipid 
Reference Centre introduced in Prague (Verdery and 
Goldberg, 1991). Using a calibrated sphygmomanometer, 
blood pressure was measured in the right arm while 
the patient was in a sitting position and had taken a 
four-minute rest, . Observers were trained and tested 
according to WHO manual (Auerbach and Parks, 1989). 
Cassettes developed by the London School of Hygiene 
and the Laboratory of Physiologic Hygiene, University of 
Minnesota, were used (Ettinger et al., 1990). Systolic and 
diastolic-2 (5th phase) levels were recorded for analysis, 
although diastolic-1 was only recorded in most studies. 
Weight was measured in light underwear, rounded off to 
the nearest kilogram and height was measured without 
shoes, expressed in centimeters, following the rules 
suggested in the WHO manual (Auerbach and Parks, 
1989). Smoking status was assessed by a questionnaire 
directly derived from the WHO cardiovascular survey 
method manual (Auerbach and Parks, 1989). Age was 
measured, using the difference between the year of 
examination and the year of birth, accepting an average 
error of + 6 months. Relative body-mass-index (BMI) 
was calculated as a percent deviation of actual weight 
to standard weight based on the mean of body weight 
distributions by height.

Outcome 
Mortality rates were calculated by gender, based 

upon decile cholesterol levels in equal intervals 
from <160 mg/d (<4.4 mmol) to >276 mg/dl 
(>7.14mmol). Gender-specific rates were age-adjusted 
to the age distribution 30,179 males and 26,005 
females , respectively. Cause-specific mortality was 
determined by non-CVD according to the ICD-10 code 
(cancer: 140-239, non-cancer liver dysfunction:570-573, 
accidental-death: 800-829, violence:830-999, and 

other-non-CVD: 1-139, 240-389, 460-569, 574-799).

Statistical analysis 
The baseline characteristics were presented as 

frequencies and mean ± SD. The Cox proportional hazard 
models implied a hazard ratio with 95% confidence 
interval for association . Reliability and validity of the 
utilized data were as complete as possible. To obtain 
complete information regarding cholesterol levels, 
mortality, and verification of information, variables (e.g. 
socio-demographic, anthropometric, clinical, laboratory, 
age, smoking status, BMI, systolic and diastolic pressure) 
were analyzed for the purpose of controlling confounding 
or interaction effects. Gender-specific Hazard Ratio and 
95% confidence interval (CI) for death were calculated 
with reference to the risk of persons with cholesterol levels 
of >276 mg/dl. These estimates were adjusted for age and 
other potential confounders using the Cox proportional 
hazard models. Due to small sample size for accident, 
suicide in different cholesterol level deciles, it was not 
possible for multivariate analysis.

Results

The mean and standard deviation of body-mass index 
(BMI), age (year), systolic and diastolic blood pressures 
(mm/Hg), serum cholesterol level (mg/dl), smoking 
status (never-ex-and current-smoker), and follow-up 
status (months) were described for males and females 
according to various deciles. The baseline characteristics 
of participants within and between each deciles were 
similar for both gender (Table 1). 

According to Table 2, 4.76% (n=1,439) of men and 
1.79% (n=467) of women died in the total study population. 
In general, the results revealed an approximately 3 times 
higher mortality rate among males compared to females. 
Table 2 also clarifies the specific cause of death in males 
compared to females with respect to cholesterol level 
deciles. Leading causes of mortality in males with the 
lowest cholesterol level were total non-CVD (5.35%), 
cancer (3.03%), non-cancer liver dysfunction (1.36%), 
violence (0.22%), and other non-CVD/non- cancer 
(0.69%). Results indicated that death rates gradually 
decreased when cholesterol levels increased in different 
deciles, 5.35% to 2.60% in total non-CVD, 3.03% to 
1.85% in cancer, 1.36% to 0.14% in non-cancer liver 
dysfunction, 0.22% to 0.09% in violence, and 0.69% 
to 0.44% o in other non-CVD, respectively. Based on 
Table 2, males mortality rates compared to females were 
almost 3.5 times higher for total non-CVD (5.35 vs. 1.60), 
5.05 times higher for cancer (3.03 vs. 0.60), 2.06 times 
higher for non-cancer liver dysfunction (1.36 vs.0.66), 
7.33 times higher for violence (0.22 vs. 0.03), and 3.45 
times higher for other non-CVD/non-cancer (0.69 vs. 
0.20) in the first cholesterol decile. Females age-adjusted 
specific cause of death rates fluctuated in other deciles 
of cholesterol. In males, (1,439) with 100% all-causes 
of death, 61.3% (882) were non-CVD and 38.7% (557) 
CVD . These results clearly indicated nearly two times 
higher death rates for non-CVD compared to CVD. In 
addition, considering all-causes of death (n=151) in the 
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significant risk association with lowest cholesterol 
(<160 mg/dl) for cancer and NCLD (HR=1.52, 95% 
CI: 1.06-2.18; HR=10.73, 95% CI: 3.74-30.18), 
however, with insignificant hazard ratios for other 
non-cancer/non-CVD (HR=1.84, 95%CI: 0.98-3.47). 
In the second decile of NCLD death and third decile of 
other non-cancer/non-CVD, results were significantly 
associated with low cholesterol risk for males (HR=3.73, 
95% CI: 1.16-11.95; HR=2.05 95% CI :( 1.12, 3.75). 
In females, only NCLD indicates significant risk 
association with lowest cholesterol decil e (HR=25.8, 
95% CI: 3.09-217.70).

Discussion

The primary objective of this study was to determine if 
an association exists between excess non-CVD mortality 
and low serum cholesterol. The study populations were 
Italians aged between 20 to 69 years old. The participants 
were followed over a 9-year period. Subjects were 
selected similar in health status for sociodemographic, 
clinical, anthropometric, and laboratory variables. 
Findings showed a “J” shaped curve for all-causes and 
total non-CVD mortality across cholesterol level deciles 
which remains after controlling for confounders . Most of 
the excess mortality at the first decile of cholesterol level 
(<160 mg/dl) belonged to non-CVD deaths. Interpretation 
of the inverse association between cholesterol level and 
non-CVD mortality was complex.

lowest cholesterol decile, there was 3.3 times higher risk 
for non-CVD (n=116) than CVD (n=35). Furthermore, 
in females (467), considering 100% all-causes of death, 
71.1% (332) were non-CVD and 28.9% (135) were CVD, 
revealing approximately 2.5 times higher death rates 
for non-CVD compared to CVD. Moreover, regarding 
all-causes of death (n=36) in the lowest cholesterol decile, 
there was 2.6 times higher risk for non-CVD (n=26) 
compared to CVD (n=10).

Table 3 describes age-adjusted and multivariate-adjusted 
hazard ratio of all-cause death and total mortality 
of non-CVD in different deciles of cholesterol level 
among males and females. There was significant inverse 
association between all-cause and non-CVDs deaths and 
cholesterol level (<160 mg/dl) after controlling age, BMI, 
systolic and diastolic blood pressure, and smoking status 
among males (HR=1.5, 95% CI: 1.19-1.89, HR=2.06, 
95% CI: 1.54-2.74). In females, significant inverse 
association existed for all-cause of death , however, 
this association was insignificant for non-CVD lowest 
cholesterol levels (HR=1.53, 95% CI:1.01-2.34; CVD, 
HR=1.52, 95% CI:0.91- 2.50). 

Among females, an inverse significant association 
was found in the fourth decile for all-cause and non-CVD 
deaths (HR=1.52, 95% CI: 1.06-2.18, HR=1.78, 95% CI: 
1.16-2.71). 

In-depth analysis for non-CVD, Table 4 demonstrates 
cancer, NCLD, other non-cancer/non-CVD deaths 
for males and females. In males, results indicated 

G
en

de
r

Cholesterol 
Level
(mg/dl)

Mean ± SD Smoking Status Follow-
up status 
(months)

Total  

BMI* Age
(year)

Systolic blood 
pressure(mm/

Hg)

Diastolic blood 
pressure(mm/

Hg)

Never
(%)

EX- 
smoker (%)

Current
(%)

sub -
population

M
al

e <160 24.98±3.65 42.45±13.82 128.72±19.01 80.74±11.32 27.5 (775) 24.2 (682) 48.3 (1363) 86.58±34.28 2,820

160-174 25.63±3.66 44.51±12.98 130.62±18.27 82.20±10.91 26.5 (640) 26.9 (647) 46.6 (1122) 86.26±32.58 2,409

175-186 25.81±3.51 45.56±12.64 132.13±19.50 83.17±11.28 27.7 (714) 26.8 (691) 45.5 (1171) 85.35±32.78 2,576

187-198 26.04±3.56 46.66±11.99 133.32±19.55 83.55±11.27 24.4 (726) 26.9 (802) 48.7 (1450) 85.86±32.43 2,978

199-209 26.13±3.47 47.16±11.65 133.74±19.43 84.22±11.00 25.4 (757) 29.3 (876) 45.3 (1351) 84.49±32.82 2,984

210-221 26.40±3.51 48.00±11.42 135.37±19.67 85.10±11.13 24.2 (797) 28.7 (943) 47.1 (1547) 84.05±30.87 3,287

222-234 26.55±3.40 48.61±10.97 136.36±19.70 85.65±11.46 22.5 (713) 29.6 (939) 47.9 (1518) 85.86±31.03 3,170

235-250 26.68±3.41 49.01±10.85 137.38±19.26 86.19±11.07 22.7 (778) 31.1 (1070) 46.2 (1585) 83.14±31.05 3,433

251-275 26.83±3.37 49.54±10.66 139.11±19.67 87.07±11.29 21.0 (707) 32.1 (1083) 46.9 (1580) 83.28±30.84 3,370

³276 27.03±3.26 49.72±10.07 142.30±20.31 88.50±11.26 20.3 (641) 33.2 (1095) 46.9 (1466) 82.65±31.41 3,152

Total 26.25±3.52 47.31±11.87 135.21±19.84 84.84±11.41 24.0 (7248) 29.1 (8778) 46.9 (14153) 84.65±31.97 30,179

Fe
m

al
e <160 24.34±4.58 37.34±11.05 122.25±18.58 77.52±10.96 62.0 (1732) 8.3 (233) 29.7 (829) 88.74±34.36 2,794

160-174 25.06±4.68 39.55±11.10 124.83±19.39 78.92±11.23 63.8 (1632) 8.3 (211) 27.9 (714) 87.69±33.17 2,557

175-186 25.59±4.85 41.87±11.39 126.93±19.95 80.35±11.28 66.7 (1744) 7.7 (200) 25.6 (669) 85.67±32.01 2,613

187-198 25.97±5.00 43.48±11.99 129.72±20.94 81.45±11.81 69.2 (1802) 6.7 (174) 24.1 (626) 84.98±31.23 2,602

199-209 26.38±4.98 45.29±11.58 132.15±22.58 82.24±11.96 68.9 (1729) 7.3 (184) 23.8 (598) 85.16±31.71 2,511

210-221 26.48±4.90 46.95±11.42 134.07±22.10 83.53±11.68 70.3 (1887) 7.4 (200) 22.3 (599) 84.42±31.47 2,686

222-234 26.85±4.95 48.72±11.23 136.26±23.05 84.38±12.11 72.8 (1833) 7.0 (178) 20.2 (508) 82.92±30.50 2,519

235-250 27.33±4.93 50.74±10.84 139.13±22.55 85.50±11.99 74.8 (1903) 6.6 (167) 18.6 (474) 84.68±30.27 2,544

251-275 27.33±4.70 52.52±10.11 141.60±22.32 86.04±11.67 73.7 (1925) 6.8 (177) 19.5 (508) 84.67±30.59 2,610

³276 27.23±4.46 54.48±9.73 145.54±22.82 87.72±11.74 73.6 (1890) 7.0 (181) 19.4 (498) 83.37±30.58 2,569

Total 26.2 4±4.90 46.02±12.30 133.16±22.62 82.72±12.05 69.5 (18077) 7.3 (1905) 23.2 (6023) 85.26±31.68 26,005

Table 1. Baseline Characteristics for Male (n=30179) Compared to Female (n=26,005) Population Based upon Decile Cholesterol 
Level

*BMI, Body Mass Index
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N
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%
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*

R
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N
*

M
ale

<160
5.35 (151)

4.11 (116)
5.35

2.30 (65)
3.03

1.06 (30)
1.36

0.09 (1)
0.05

0.18 (5)
0.22

0.53 (15)
0.69

1.24 (35)
2820

160-174
4.15 (100)

3.11 (75)
3.67

1.87 (45)
2.15

0.41 (10)
0.52

0.08 (2)
0.08

0.20 (5)
0.27

0.54 (13)
0.63

1.24 (25)
2409

175-186
4.00 (103)

3.07 (79)
3.38

1.75 (45)
1.9

0.27 (7)
0.29

0.06 (2)
0.1

0.23 (6)
0.24

0.74 (19)
0.8

 0.93 (24)
2576

187-198
4.43 (132)

2.72 (81)
2.82

1.85 (55)
1.94

0.20 (6)
0.18

0.10 (2)
0.06

0.07 (2)
0.08

0.54 (16)
0.57

1.71 (51)
2978

199-209
4.79 (143)

2.92 (87)
2.9

1.98 (59)
1.95

.07 (2)
0.06

0.03 (3)
0.12

0.20 (6)
0.22

0.57 (17)
0.58

 1.88 (56)
2984

210-221
4.38 (144)

2.34 (77)
2.25

2.00 (66)
1.96

0.16 (5)
0.14

0.00 (1)
0.06

0.06 (2)
0.09

0.09 (3)
0.11

 2.04 (67)
3287

222-234
4.26 (135)

2.49 (79)
2.32

1.83 (58)
1.73

0.13 (4)
0.12

0.03 (0)
0

0.03 (1)
0.06

0.50 (16)
0.49

 1.77 (56)
3170

235-250
 5.21 (179)

2.83 (97)
2.66

2.13 (73)
2.03

0.06 (2)
0.06

0.00 (1)
0.03

0.14 (5)
0.13

0.47 (16)
0.41

 2.39 (82)
3433

251-275
5.52 (186)

2.99 (101)
2.81

2.07 (70)
1.94

0.12 (4)
0.09

0.09 (0)
0

0.27 (9)
0.24

0.53 (18)
0.46

 2.52 (85)
3370

³276
5.26 (166)

2.85 (90)
2.6

2.03 (64)
1.85

0.13 (4)
0.14

0.09 (3)
0.07

0.13 (4)
0.09

0.47 (15)
0.44

2.41 (76)
3152

Total D
eath M

ales=100.0 (1439) 
61.3 (882)

41.7 (600)
5.1 (74)

1.0 (15)
3.1 (45)

10.3 (148)
38.7 (557)

30179

Fem
ale

<160
1.29 (36)

0.93 (26)
1.6

0.43 (12)
0.6

0.28 (8)
0.66

0.04 (1)
0.12

0.04 (1)
0.03

0.14 (4)
0.2

 0.36 (10)
2794

160-174
0.82 (21)

0.47 (12)
0.67

0.23 (6)
0.3

0.04 (1)
0.05

0.00 (0)
0

0.00 (0)
0

0.20 (5)
0.31

0.35 (9)
2557

175-186
1.26 (33)

0.88 (23)
1.1

0.61 (16)
0.72

0.03 (1)
0.07

0.08 (2)
0.13

0.08 (2)
0.11

0.08 (2)
0.13

0.38 (10)
2613

187-198
2.04 (53)

1.65 (43)
1.86

1.0 (26)
1.11

0.07 (2)
0.11

0.04 (1)
0.06

0.04 (1)
0.03

0.50 (13)
0.56

0.38 (10)
2602

199-209
2.15 (54)

1.39 (35)
1.51

1.15 (29)
1.2

0.00 (0)
0

0.00 (0)
0

0.00 (0)
0

0.24 (6)
0.26

0.76 (19)
2511

210-221
1.71 (46)

1.30 (35)
1.29

1.11 (30)
1.08

0.00 (0)
0

0.00 (0)
0

0.00 (0)
0

0.19 (5)
0.16

 0.41 (11)
2686

222-234
1.95 (49)

1.50 (38)
1.33

1.23 (31)
1.09

0.00 (0)
0

0.00 (0)
0

0.00 (0)
0

0.27 (7)
0.28

0.44 (11)
2519

235-250
2.16 (55)

1.53 (39)
1.3

1.18 (30)
0.98

0.04 (1)
0.03

0.00 (0)
0

0.04 (1)
0.05

0.27 (7)
0.25

 0.63 (16)
2544

251-275
1.80 (47)

1.30 (34)
1.06

1.07 (28)
0.88

0.00 (0)
0

0.00 (0)
0

0.08 (2)
0.04

0.15 (4)
0.13

 0.50 (13)
2610

³276
2.84 (73)

1.83 (47)
1.59

1.28 (33)
1

0.04 (1)
0.05

0.00 (0)
0

0.11 (3)
0.11

0.40 (10)
0.44

1.01 (26)
2569

Total D
eath Fem

ales=100.0 (467) 
71.1 (332)

51.6 (241)
3.0 (14)

0.9 (4)
2.1 (10)

13.5 (63)
28.9 (135)

26005

Table 2. Specific C
ause of D

eath and A
ge-adjusted D

eath R
ates per D

eciles of C
holesterol Level
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In some studies, the inverse association was attenuated 
or disappeared after excluding early deaths within 1-5 
years from baseline, suggesting that the inverse association 
was related to preclinical conditions which caused lower 
cholesterol concentrations (Bowe et al., 2016; Törnberg 
et al., 1989). There is arguably sufficient biologic and 
epidemiologic rationale to warrant the inference that low 
serum cholesterol and excess mortality from non-CVD is 
causal, even though other important confounding factors 
and/or unmeasured factors may exist. Similar to this study, 
previous studies showed that inverse association persisted 
over the longer follow-up, even when the first 5-year 

deaths (Schatzkin et al., 1987; Garcia-Palmier et al., 1981) 
the first 10-year deaths were excluded (Frank et al.,1991; 
Smith et al.,1990). Some of these studies indicated that 
persistent inverse associations were attenuated when 
covariates such as socioeconomic and other laboratory 
factors were taken into account. These findings suggested 
that the inverse associations were due to other risk factors 
which elevated the risk of death. The present analysis 
in line with other studies; however, showed a persistent 
inverse association even after adjusting confounding 
and interaction factors. Furthermore, after age-adjusted 
and multivariate-adjusted hazard ratio for all-cause of 

Gender Total Serum
Cholesterol (mg/dl)

All Causes of Death (Non-CVD,CVD) Total Non-CVD

N* Age-adj** Multivariate-adj*** N* Age-adj** Multivariate-adj***

Hazard  Ratio Hazard  Ratio 95%(CI) Hazard Ratio Hazard Ratio 95%(CI)

Male <160 151 1.37 1.50(1.19,1.89) 116 1.98 2.06(1.54,2.74)

160 - 174 100 0.92 1.01 (0.76,1.30) 75 1.29 1.36 (0.99,1.87)

175 - 186 103 0.86 0.93 (0.72,1.20) 79 1.24 1.30 (0.95,1.78)

187 - 198 132 0.9 0.97 (0.76,1.22) 81 1.07 1.10 (0.81,1.51)

199 - 209 143 0.98 1.05 (0.84,1.33) 87 1.15 1.19 (0.87,1.61)

210 - 221 144 0.87 0.92 (0.73,1.16) 77 0.9 0.92 (0.67,1.26)

222 - 234 135 0.8 0.84 (0.67,1.06) 79 0.93 0.95 (0.69,1.29)

235 - 250 179 1.01 1.05 (0.84,1.30) 97 1.06 1.08 (0.80,1.44)

251 - 275 186 1.02 1.06 (0.85,1.31) 101 1.05 1.07 (0.79,1.43)

(RG****)-³276 166 1 1.00 (---) 90 1 1.00 (---)

Total Males 1,439 882

Female <160 36 1.46 1.53 (1.01,2.34) 26 1.46 1.52 (0.91,2.50)

160 - 174 21 0.69 0.74 (0.44,1.25) 12 0.6 0.62 (0.32,1.21)

175 - 186 33 0.95 1.01 (0.65,1.54) 23 1.01 1.04 (0.62,1.74)

187 - 198 53 1.44 1.52 (1.06,2.18) 43 1.72 1.78 (1.16,2.71)

199 - 209 54 1.31 1.36 (0.95,1.96) 35 1.29 1.32 (0.84,2.06)

210 - 221 46 1.01 1.04 (0.72,1.52) 35 1.13 1.16 (0.74,1.81)

222 - 234 49 0.94 0.97 (0.67,1.42) 38 1.06 1.08 (0.69,1.70)

235 - 250 55 0.91 0.96 (0.66,1.40) 39 0.97 0.99 (0.64,1.54)

251 - 275 47 0.67 0.69 (0.47,1.02) 34 0.79 0.81 (0.51,1.26)

(RG****) ³276 73 1 1.00 (---) 47 1 1.00 (---)

Total Females 467 332

Table 3. Age-adjusted and Multivariate-adjusted Hazard Ratio for All Causes of death and total non-CVD Mortality 
of Different Cholesterol Levels for Males and Females

*N, number of subjects;**Adj., adjusted; ***Multivariate-adjusted for (age, body-mass index, systolic blood pressure, diastolic blood pressure, 
and smoking status; ****RG, Reference Group. 

Figure 1. Sample Size Follow-up Chart for Male and Female Population Extracted from RIFLE Studies
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death and total non-CVD mortality inverse significant 
associations for lowest cholesterol for males exists . The 
inverse significant associations between low cholesterol 
level (<160 mg/dl) and all-causes of death and marginally 
non-CVD mortality were found for the female population. 

In females, results showed an inverse significant 
association between the lowest cholesterol deciles and 
all-cause of death, non-cancer liver dysfunction, and 
marginally non-CVD mortality. However, other non-
cancer/non-CVD total mortality showed an insignificant 
risk.  Females naturally store more fatty tissue than 
males. This physiological difference may be more 
protective against excess mortality events, with longer life 
expectancy among females than males. These differences 
were distinguishable in statistical analysis, from the 
descriptive to analytical phase.

Study findings suggested different cholesterol levels 
for various subgroups in the male population had different 
biological meanings for those in the low serum cholesterol 
group . The lowest decile (<160 mg/dl) indicated relatively 
high hazard ratio for all-cause of death, total non-CVD, 
cancer, and non-cancer liver dysfunction for the male 
population and all-cause and total non-cancer liver 
dysfunction in females. These findings indicated that a 
decrease towards the lowest decile (<160mg/dl) had a 
different biological magnitude than towards the other 

NON-CVD

Gender Total Serum
Cholesterol
(mg/dl)

Cancer Non-cancer Liver Dysfunction Other Non-cancer/Non-CVD

N* Age-adj** Multivariate-adj*** N* Age-adj** Multivariate-adj*** N* Age-adj** Multivariate-adj***

Hazard  
Ratio

Hazard  Ratio 
95%(CI)

Hazard  
Ratio

Hazard  Ratio 95% 
(CI)

Hazard  
Ratio

Hazard  Ratio 95% 
(CI)

Male <160 65 1.47 1.52 (1.06,2.18) 30 11.16 10.73 (3.74,30.18) 21 1.74 1.84 (0.98,3.47)

160 - 174 45 1.02 1.08 (0.72,1.60) 10 3.9 3.73 (1.16,11.95) 20 1.66 1.77 (0.93,3.36)

175 - 186 45 0.98 1.03 (0.70,1.52) 7 2 2.05 (0.58,7.29) 27 1.95 2.05 (1.12,3.75)

187 - 198 55 1.02 1.05 (0.73,1.51) 6 1.46 1.44 (0.38,5.36) 20 1.8 1.23 (0.64,2.34)

199 - 209 59 1.06 1.10 (0.77,1.58) 2 0.5 0.57 (0.10,3.11) 26 1.56 1.64 (0.89,2.99)

210 - 221 66 1.05 1.08 (0.76,1.53) 5 1.24 1.22 (0.33,4.55) 6 0.32 0.34 (0.13,.85)

222 - 234 58 0.93 0.95 (0.66,1.36) 4 1.01 0.98 (0.24,3.90) 17 0.91 0.94 (0.49,1.83)

235 - 250 73 1.08 1.10 (0.78,1.55) 2 0.46 0.45 (0.08,2.46) 22 1.11 1.14 (0.62,2.13)

251 - 275 70 1.01 1.04 (0.73,1.46) 4 0.92 0.90 (0.23,3.62) 27 1.2 1.24 (0.67,2.27)

(RG****)³276 64 1 1.00 (---) 4 1 1.00 (---) 22 1 1.00 (---)

Total Males 600 74 208

Female <160 12 0.99 1.03 (0.52,2.05) 8 27.61 25.80 (3.09,217.70) 6 1.12 1.16 (0.42,3.17)

160 - 174 6 0.39 0.41 (0.16,1.06) 1 3.27 2.54 (0.16,41.60) 5 0.88 0.89 (0.32,2.57)

175 - 186 16 0.98 1.02 (0.55,1.90) 1 2.66 2.40 (0.15,39.00) 6 0.9 0.92 (0.34,2.46)

187 - 198 26 1.5 1.56 (0.92,2.65) 2 4.33 3.76 (0.34,42.21) 15 2 2.01 (0.94,4.28)

199 - 209 29 1.58 1.63 (0.98,2.72) 0 0 0.00 (0.00) 6 0.63 0.63 (0.22,1.77)

210 - 221 30 1.4 1.45 (0.87,2.40) 0 0 0.00 (0.00) 5 0.54 0.54 (0.19,1.52)

222 - 234 31 1.26 1.29 0(0.77,2.18) 0 0 0.00 (0.00) 7 0.66 0.65 (0.24,1.70)

235 - 250 30 1.13 1.18 (0.71,1.96) 1 1.29 1.22 (0.07,19.55) 8 0.55 0.54 (0.20,1.43)

251 - 275 28 0.95 0.97 (0.58,1.62) 0 0 0.00 (0.00) 6 0.49 0.49 (0.18,1.28)

(RG****)³276 33 1 1.00 (---) 1 1 1.00 (---) 13 1 1.00 (---)

Total  Females 241 14 77

decile groups. This information suggested the indicative 
properties of cholesterol in the level of the cell membrane.  

Moreover, outcomes remained statistically significant 
after controlling for age, BMI, systolic diastolic blood 
pressure, and cigarette smoking status. The findings 
of this study are consistent with the results of a meta-
analysis on 19 cohort studies conducted on Caucasian (Iso 
etal.,1989; Neaton etal.,1992 ) and American-Japanese 
populations,24-25  reporting a “U” , “J” or “L”-shaped 
pattern between total cholesterol and total mortality in 
men (Reed etl.,1986; Martin etal.,1986). This pattern 
is composed of a positive association between blood 
cholesterol and increased CVD death (clearly a clinical 
and public health significance), and an inverse association 
between cholesterol and excess mortality due to non-CVD 
(cancer and non-cancer, etc) deaths. Based upon the 
results of previous studies regarding age effect (>50 years) 
for association between low cholesterol and non-CVD 
death, there was no need in this study to look for age as 
a separate dominant predictor factor for non-CVD death, 
even though interactions and confounding were controlled 
in this study. Consequently, after multivariate-adjusting 
for age, BMI, systolic and diastolic blood pressures, and 
smoking status, cholesterol levels for all-cause of death in 
the first decile were significantly associated with risk of 
mortality in both genders. Clear-cut non-CVD death rates 

Table 4. Age-adjusted and Multivariate-adjusted Hazard Ratio for Cancer, Non-cancer Liver Dysfunction, and Other 
Non-cancer/Non-cardiovascular diseaseCVD Deaths for Different Cholesterol Levels for Males and Females 

*N, number of subjects; **Adj., adjusted; ***Multivariate-adjusted for (age, body-mass index, systolic blood pressure, diastolic blood, pressure, 
and smoking status; ****RG, Reference Group
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at low cholesterol levels <160mg/dl were demonstrated 
in this study. Analytical results of this study placed strong 
emphasis on medical and pharmacological management 
of low cholesterol, specifically the effects of the lowest 
cholesterol level on non-CVD in the male population. 

Strengths and Limitations 
As in any observational cohort study, these findings 

may be confounded by unmeasured variables. However, 
we did our best to minimize this limitation by gathering 
fairly accurate data by the same center. In addition, 
standardization and quality control of measurements 
were observed. 

An attempt was made to identify a low cholesterol 
risk factor for mortality in this analysis and may not 
be generalizable to other populations other than study 
ones due to unknown or unmeasured factors, or low 
cardiovascular death. Although this study may have an 
underestimation of risk factors in the target population, 
reporting biases were thought to be minimal. 

Despite any study biases, these findings demonstrated 
a strong association between cholesterol risk factors as 
a representative of significant morbidity, mortality in 
different cholesterol levels specifically lowest cholesterol 
decile and non-CVD death status. 

Nevertheless, this study, like others may have some 
limitations. The lack of information on post-treatment 
recur¬rence and the change of total cholesterol levels 
are the limitations of current study. A prospective study 
is required to determine the prognostic and treat¬ment 
value of cholesterol. 

In conclusion, findings of this study indicated a 
significant inverse association between lowest cholesterol 
level and all-causes of death, non-CVD death for males 
and females. 
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