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Tenth categories of total and HDL cholesterol fail to independently 
predict death risk in middle-aged Turkish adults

Orta yaşlı Türk yetişkinlerinde ölüm riski: Total ve HDL kolesterol
ondabir dilimlerince bağımsız olarak öngörülmüyor
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Objective: The aim of this study was to delineate in detail 
the longitudinal association of total cholesterol (TC) and high-
density lipoprotein cholesterol (HDL-C) levels with overall 
mortality in middle-aged participants of the biennial Turkish 
Adult Risk Factor study.
Methods: Baseline lipid variables were analyzed in sex-spe-
cific deciles. A baseline age of 45 to 84 years as an inclusion 
criterion led to the enrollment of 2121 men and women. Cox 
regression analyses were performed.
Results: Deaths were recorded in 237 and 306 women and 
men, respectively, during a mean 8.85±4.4 years of follow-up. 
After adjustment for age, smoking status, lipid-lowering and 
antihypertensive drug usage, prevalent diabetes, and coronary 
heart disease, and using the lowest decile as referent, neither 
TC (p trend=0.94 and 0.96, respectively), nor HDL-C catego-
ries (p trend=0.20 and 0.31, respectively) were significantly 
predictive of mortality in either gender. TC deciles exhibited a 
gender difference insofar as hazard ratios in females tended to 
be reciprocal to those in males in deciles 2 through 5.
Conclusion: The findings on TC deciles may be attributed to a 
comparatively higher death rate in the female (compared with 
male) bottom decile, reflecting the autoimmune process-in-
duced elevated risk in the lowest decile. Observations on HDL-
C confirmed presumed pro-inflammatory conversion in levels 
>50 mg/dL. These results have important clinical implications.

Amaç: Total kolesterol (TK) ile yüksek-yoğunluklu lipoprote-
in kolesterol (HDL-C) düzeylerinin TEKHARF Çalışması’nda 
kapsanan orta yaşlı katılımcılarda genel mortalite ile öne dö-
nük ilişkisini ayrıntılı biçimde belirlemektir.
Yöntemler: Başlangıçtaki lipid değişkenleri cinsiyete özgü 
ondabir dilimlerde analiz edildi. Başlangıçtaki yaşın 45–84 
olarak alınma ölçütü 2121 erkek ile kadının içerilmesine izin 
verdi. Cox regresyon analizleri uygulandı.
Bulgular: Ortalama 8.85±4.4 yıllık izlemede ölüm 237 kadın 
ile 306 erkekte saptandı. Yaş sigara içiciliği, lipid düşürücü ve 
antihipertansif ilaç kullanımı, başlangıçta diyabet ve koroner 
kalp hastalığına ayarlamadan sonra ve en alt ondabir dilim re-
ferent olarak alınınca, ne TK (sırasıyla, p trend =0.94 ve 0.96), 
ne de HDL-C kategorileri (sırasıyla, p trend =0.20 ve 0.31) 
iki cinsiyette de mortaliteyi anlamlı öngörmedi. TK dilimleri, 
kadınlardaki hazard oranlarının 2.–5. dilimlerde erkektekilere 
göre ayna halini sergileme eğilimleri ile ayrıştılar.
Sonuç: Total kolesterol ondabir dilimlerine ilişkin bulgular, er-
kektekine kıyasla, kadında en alt dilimde göreli yüksek ölüm 
oranına atfedilebilir ki bu da anılan dilimde otoimmün sürecin 
indüklediği yüksek riski yansıtır. Yüksek-yoğunluklu lipopro-
tein kolesterole ilişkin gözlemlerimiz >50 mg/dL düzeylerinin 
yangısal dönüşüme uğradığını desteklemektedir. Bu sapta-
malar önemli klinik çıkarımlar taşır.
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ABSTRACT ÖZET

ORIGINAL ARTICLE

Longevity is the single most important health pa-
rameter for an individual or a community. World-

wide, life expectancy has increased substantially in re-
cent decades. The determinants of all-cause mortality 

are not established and include age, a high prevalence 
of type-2 diabetes, coronary heart disease (CHD), 
hypertension, a smoking habit, physical inactivity, 
abdominal obesity, and high total cholesterol (TC) 



or a low high-density 
lipoprotein choles-
terol (HDL-C) level.
[1–4] They vary between 
ethnicities. The use of 
prediction algorithms 
is recommended in the 
decision-making for 
therapies aimed at pre-
venting cardiovascu-
lar diseases.[5] TC and 
HDL-C constitute 2 
critical variables in fa-
tal CHD, which ranks 
first among causes 

of death, and reduction of an elevated TC level has 
been the major single recommendation of prevention 
guidelines.

Cardiovascular risk factors have most often – 
though not uniformly – been predictors of death risk 
in other populations. Age, smoking, diabetes, and high 
blood pressure (BP) were independent determinants, 
not only of cardiovascular, but also of all-cause mor-
tality in middle-aged Dutch subjects.[1] Among Nor-
wegian men and women in the large Nord-Trøndelag 
Health (HUNT) Study,[2] intriguingly, an inverse asso-
ciation was found between TC and all-cause mortality 
in women, which assumed a U-shaped risk curve in 
men. A risk prediction algorithm in a general popula-
tion was reported in the French Multinational Moni-
toring of Trends and Determinants In Cardiovascular 
Disease (MONICA) Study cohort.[3] Age, region of 
residence, educational level, and 4 traditional cardio-
vascular risk factors were detected as independent risk 
factors, while alcohol consumption, physical activity, 
antihypertensive drug treatment, diastolic BP, HDL-
C, and triglycerides did not prove independent risk 
factors. Some gender differences[2] and age-specific-
ity[6–9] in the associations between risk factors and the 
risk of death has been reported in other populations.

In a recent derivation of an algorithm for all-cause 
mortality in the Turkish Adult Risk Factor (TARF) 
study cohort, what was apparent from previous evalu-
ations was confirmed: mechanisms involving risk 
factors beyond those conventionally recognized de-
termined the risk of death to a substantial extent.[10] 
Baseline diabetes and severe systolic hypertension 
alone and, in men, current smoking, were major de-

terminants consistent with the general knowledge. Yet 
with regard to lipid variables, non-HDL-C and HDL-
C, each high HDL-C and low non-HDL-cholesterol 
category revealed a higher risk for death than the re-
spective bottom and top categories in either sex, albeit 
insignificantly.[10]

This study was an assessment of the risk of over-
all mortality among Turkish adults with evidence of 
enhanced, low-grade inflammation and autoimmune 
activation operating as a major pathogenetic mecha-
nism.[11] The focus here was specifically on the lipid 
parameters of TC and HDL-C using 10 categories, 
namely deciles, in each variable and the analyses 
were stratified by sex. A multi-adjusted Cox model 
was used.

METHODS

Population sample

The TARF Study is a longitudinal, population-based 
cohort study on the prevalence of cardiac disease and 
risk factors in adults in Turkey carried out biennially in 
59 communities scattered throughout all geographical 
regions of the country.[12] It involves a random sample 
of the Turkish adult population, representatively strati-
fied for sex, age, geographical region, and for rural and 
urban distribution.[12] Participants were recruited from 
randomly selected communities using a probability-
proportionate-to-size method. Combined measure-
ments of waist circumference and HDL-C first taken 
at the follow-up visit in 1997/98, C-reactive protein 
(CRP) from 2000, insulin from 2001 and lipoprotein(a) 
[Lp(a)] from 2003 formed the bulk of the baseline. 
Participants had median recruitment in year 2001 (in-
terquartile range [IQR]: 2000–2003), and the 10th and 
90th percentiles at baseline during the period 2000–
2007. Participants were examined over a period of up 
to 18 years, through the survey of 2015/16.

Inclusion criteria for the current study were age of 
45 to 84 years, no missing relevant values at baseline, 
and at least a 1 year of follow-up. The cohort of the 
current study comprised 2121 individuals. The survey 
conformed to the principles embodied in the Decla-
ration of Helsinki and was approved by the Istanbul 
University ethics committee. All individuals of the co-
hort gave written consent for participation. Data were 
obtained via a questionnaire, physical examination of 
the cardiovascular system, sampling of blood, and re-

Abbreviations:

BP	 Blood pressure
CI	 Confidence interval
CRP	 C-reactive protein
CHD	 Coronary heart disease
ECG	 Electrocardiogram
HDL-C	 High-density lipoprotein
	 cholesterol
HR	 Hazard ratio
HUNT	 Nord-Trøndelag Health Study
IQR	 Interquartile range
LDL	 Low-density lipoprotein
Lp(a)	 Lipoprotein(a)
MONICA	 Multinational Monitoring of 	
	 Trends and Determinants in
	 Cardiovascular Disease
TARF	 Turkish Adult Risk Factor
TC	 Total cholesterol
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cording a resting 12-lead electrocardiogram (ECG).

Measurement of risk variables
BP was measured using a sphygmomanometer (Erka-
meter; Erka Kallmeyer Medizintechnik GmbH & Co. 
KG, Bad Tölz, Germany) after 10 minutes of rest in 
the sitting position, and the mean of 2 recordings at 
least 3 minutes apart was documented. Plasma con-
centrations of TC and HDL-C, fasting triglycerides, 
and glucose were determined at baseline examination 
using the enzymatic dry chemistry method and a Re-
flotron apparatus (Roche Diagnostics, Basel, Switzer-
land). Since the 2001 survey, the stated parameters 
have been assayed in a single, central laboratory. 
Serum concentrations of CRP were measured with 
a Behring nephelometer (Behring Diagnostics, Mar-
burg, Germany). External quality control in a random 
selection of 5% to 6% of participants was performed 
at a reference laboratory. 

Definitions and outcomes
Cigarette smoking status was categorized into non-
smokers (never smokers and former smokers who had 
quit for 3 months or more) and current smokers (regu-
larly, 1 or more cigarettes daily), and was self-reported 
in an interview during examination. Individuals with 
type-2 diabetes were diagnosed with criteria of the 
American Diabetes Association,[13] namely, plasma 
fasting glucose ≥7 mmol/L (or 2-hour postprandial 
glucose >11.1 mmol/L) and/or the current use of dia-
betes medication. Physical activity was graded by the 
participant into 1 of 4 categories of increasing level 
with the aid of a previously developed tool.[14] Low 
physical activity was defined as grades 1 and 2. Fam-
ily income was categorized by the participant into 1 
of 5 categories.

Information on mode of death was obtained from 
first-degree relatives and/or a local health office. 
Cause of death was assigned considering preexisting 
clinical and laboratory findings elicited during bien-
nial surveys. Nonfatal CHD was identified by the 
presence of angina pectoris, a history of myocardial 
infarction with or without accompanying Minnesota 
codes of the ECG,[15] or a history of myocardial re-
vascularization. Typical angina was a prerequisite for 
a diagnosis when angina was isolated. ECG changes 
of “ischemic type” greater than minor degree (codes 
1.1–2, 4.1–2, 5.1–2, 7.1) were considered myocardial 
infarct sequelae or myocardial ischemia.

Data analysis
Descriptive parameters were presented as mean±SD 
and percentages. Pearson chi-square tests were used 
to analyze the differences between proportions of 
groups. Significance between 2 groups was tested 
with the Mann-Whitney U test for values with skewed 
distribution (family income, serum triglycerides, 
Lp[a] and CRP).

In predicting mortality risk from the baseline ex-
amination, Cox proportional hazards regression was 
used to yield risk coefficients for each lipid or risk 
variable. Estimates (and 95% confidence intervals 
[CI]) for the hazard ratio (HR) of the independent 
categorized variables were expressed using a referent 
category. A model adjusted for age, smoking status, 
usage of statin or antihypertensive drugs, prevalent 
diabetes, and CHD was utilized. A value of p<0.05 
in the 2-sided test was considered statistically signifi-
cant. Statistical analyses were performed using SPSS 
for Windows, Version 10.0 (SPSS Inc., Chicago, IL, 
USA).

RESULTS

At baseline examination, 2121 participants (1086 
women) with a mean age of 58.9±9.0 [IQR 51–65.5] 
years were available. Mean follow-up constituted 
8.85±4.38 (range: 1–18) years, and was similar 
(p=0.25) in men and women (total: 18,770 person-
years). Death occurred in 543 subjects (33.8 and 24.4 
per 1000 person-years in men and women, respective-
ly). Mean age at death was 72.5±10.1 years in males 
and 73.4±9.3 years in females. 

Baseline characteristics of the sample population 
are shown in Table 1, stratified by sex and survival. 
Of the listed parameters, greater age and systolic BP, 
shorter height, lower physical activity score and in-
come bracket, antihypertensive drug usage, and dia-
betes and/or CHD prevailing at baseline were signifi-
cantly different among non-survivors compared with 
survivors in each sex. In addition, fasting glucose and 
apolipoprotein B in women and CRP in men were 
significantly higher in those who subsequently died. 
Body mass index and triglycerides were lower in men. 
There were fewer current smokers among non-sur-
viving women. It is noteworthy that, except for lower 
fasting triglycerides in males, all lipid fractions in each 
gender were similar across categories of survival.
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to the reference category. Compared with the lowest 
TC decile, the remaining deciles in combination dis-
closed an HR of 1.12 (95% CI, 0.77–1.61; p=0.56). 
Among women, deciles displayed non-significantly 
lower multi-adjusted HRs (by just over one-tenth) 
than the lowest decile (HR: 0.89; 95% CI, 0.58–1.36; 
p=0.59). Interestingly, HRs in females were recipro-
cal to those in males, and formed a mirror image in 
deciles 2 through 5 (135–184 mg/dL and 150–198 
mg/dL, respectively) (Figure 1).

With respect to HDL-C categories, non-signifi-
cantly lower multi-adjusted HRs were observed in de-
ciles 4 through 9 and 4 through 8 (range: 33–53 mg/

The distribution of mean serum TC and HDL-C 
values in each decile and sex, along with the respec-
tive number of deaths, are shown in Table 2, which 
also contains multivariable-adjusted HRs in Cox re-
gression analysis for each decile with reference to 
the lowest decile. Neither TC (p trend=0.94 and 0.96, 
respectively), nor HDL-C categories (p trend=0.20 
and 0.31, respectively) was significantly predictive of 
mortality in either gender.

Regarding TC categories among men, deciles 2 
through 6 (135–194 mg/dL) exhibited an insignifi-
cantly (~20%) higher relative risk compared with the 
lowest decile, and higher TC levels had a risk similar 

Table 1. Baseline characteristics (mean±SD; n, %) of 2121 men and women, aged 45–84, stratified by survival

	 Men (n=1035)	 Women (n=1086)

	 n	 Survivors (n=729)	 Deaths (n=306)	 Survivors (n=849)	 Deaths (n=237)

Age, years	 2121	 56.5±7.6	 65.4±9.4	 56.8±7.8	 65.5±9.1
Waist circumference (cm)	 2121	 95.8±10.7	 94.4±11	 92.7±11.8	 94.1±13.4
Body mass index (kg/m2)	 2000	 27.7±4.3	 26.5±3.7	 30.6±5.5	 30.3±6.4
Height (cm)	 2121	 168.9±6.5	 167.0±6.4	 155.6±6.6	 153.0±5.9
Systolic BP (mmHg)	 2121	 129±22	 140±27.1	 139±27	 153±30
Diastolic BP (mmHg)	 2113	 81±12.3	 82.5±14.3	 84.3±14	 88.1±15.2
Physical activity grade I-V	 2107	 2 (2; 3) 	 2  (1; 2)	 2. (2; 2)	 2 (1; 2)
Income bracket, 1-4 	 2034	 2 (2; 4)	 2 (1; 3)	 2 (1; 3)	 1 (1; 2)
Fasting glucose (mg/dL)	 1789	 104.6±44	 111.7±48.5	 101±34	 114.5±54.8
Total cholesterol (mg/dL)	 2121	 187±39.5	 183.6±38.5	 201.3±40	 203.2±43
LDL-cholesterol (mg/dL)	 1439	 111.6±34	 113.8±33.5	 121±37	 125.6±38
HDL-cholesterol (mg/dL)	 2121	 38.6±10.6	 39.4±11.7	 46.3±12.2	 46.1±13.1
Fasting triglyceride¶ (mg/dL)	 1540	 143 (97; 204)	 122 (89; 181)	 133 (95; 182)	 129 (93; 187)
Apolipoprotein A-I (g/L)	 1761	 1.307±.25	 1.284±.26	 1.471±.28	 1.424±.32
Apolipoprotein B (g/L)	 1842	 1.039±.30	 1.094±.48	 1.111±.35	 1.192±.43
Lipoprotein(a)¶ (mg/dL)	 1400	 10.6 (4.7; 26)	 8.88 (4.4; 19.5)	 13.0 (5.6; 29.8)	 13.4 (5.7; 34.2)
Creatinine (mg/dL)	 1568	 1.025±.53	 1.18±.65	 0.805±.21	 0.982±.75
C-reactive protein¶ (mg/L)	 1767	 1.9 (1; 4.5)	 2.5 (1; 6.8)	 3 (1.4; 6.3)	 2.9 (1.2; 7.7)
Antihypertensive drug, n, %	 2121	 135; 18.5	 88; 29	 320; 37.7	 116; 47.3
Statin usage, n, %	 2121	 65; 8.9	 30; 9.8	 149; 17.6	 30; 12.7
Current/former smoker, %	 2121	 36.4; 29.5	 40.2; 29.7	 11.3; 4.0	 5.9; 3.8
Prevalent diabetes, n, %	 2121	 75; 10.3	 53; 17.3	 89; 10.5	 39; 16.5
Prevalent CHD, n, %	 2121	 50; 6.9	 86; 28.1	 64; 7.5	 55; 23.2
†Self-reported physical activity graded according to a scheme. *Self-reported monthly income, categorized. 
Significantly different values are highlighted in bold, borderline significant (p=0.05-0.095) values are in italics. 
†T-test or chi-square test was applied with regard to percentages. 
¶Nonparametric variables: median (25%–75% percentile) values are provided. Significance using Mann-Whitney U test is indicated in bold.
BP: Blood pressure; CHD: Chronic heart disease; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; SD: Standard deviation.



dL and 39–56 mg/dL, respectively), rising in the high-
er categories. Evidence for reciprocal behavior in the 
shape of the risk curve was lacking. Women showed 
an increase in HR in deciles 6 and 9 (Figure 1). 

With respect to independent variables in the model 
significantly associated with risk of death, age (1 SD: 
8.8 years), prevalent diabetes, and CHD revealed the 
following HRs in men and women: 2.13 (95% CI, 
1.87–2.35) and 2.19 (95% CI, 1.95–2.55 ); 1.63 (95% 
CI, 1.19–2.25; p=0.003) and 1.53 (95% CI, 1.06–2.19; 
p=0.022); 1.99 (95% CI, 1.51–2.62; p<0.001) and 
1.82 (95% CI, 1.31–2.52; p<0.001), respectively. Fur-

thermore, current smoking in men (HR: 1.93; 95% CI, 
1.46–2.57; p<0.001) and lipid-lowering drug usage in 
women (HR: 0.68; 95% CI, 0.45–1.01; p=0.057) were 
similarly associated. Lipid-lowering drugs were used 
at baseline in 9.2% and 16.5% of men and women, 
respectively, and antihypertensive drugs in 21.5% and 
39.8%, respectively.

DISCUSSION

In a middle-aged Turkish adult sample, we investi-
gated whether the 2 lipid risk factors commonly used 
as treatment targets, TC and HDL-C concentrations, 

Table 2. Cox regression analysis of multivariable-adjusted¶ HDL and total cholesterol deciles at baseline (n=2121) 
for risk of 543 deaths 
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Men 	 HDL-cholesterol (n=305/1034)*	 Total cholesterol (n=306/1035)*

	 Mean mg/dL	 Deaths	 HR	 95% CI	 Mean mg/dL	 Deaths	 HR	 95% CI

Decile 1	 23.2	 30	 1		  123	 33	 1	
D 2	 28.5	 29	 0.91	 0.55; 1.53	 147	 38	 1.25	 0.78; 2.00
D 3	 31.3	 29	 0.98	 0.59; 1.64	 160	 34	 1.12	 0.69; 1.83
D 4	 34	 37	 0.87	 0.53; 1.43	 169.5	 30	 1.24	 0.75; 2.05
D 5	 36.2	 28	 0.63	 0.37; 1.06	 179.4	 27	 1.11	 0.66; 1.85
D 6	 38.8	 29	 0.69	 0.41; 1.16	 188.7	 35	 1.27	 0.79; 2.06
D 7	 41.2	 27	 1.00	 0.59; 1.68	 199	 24	 1.04	 0.61; 1.77
D 8	 44.5	 24	 0.60	 0.35; 1.03	 210	 27	 0.88	 0.52; 1.46
D 9	 49.2	 31	 0.67	 0.40; 1.11	 226	 30	 1.14	 0.68; 1.89
D 10	 61.7	 41	 1.05	 0.65; 1.71	 259.9	 28	 1.04	 0.63; 1.73
Total	 38.8±11	 305			   188.2±39	 306

Women	 HDL-cholesterol (n=236/1080)*	 Total cholesterol (n=237/1086)

	 Mean mg/dL	 Deaths	 HR	 95% CI	 Mean mg/dL	 Deaths	 HR	 95% CI

Decile 1	 27.9	 28	 1		  139	 24	 1	
D 2	 33.7	 24	 0.93	 0.53; 1.63	 162	 25	 0.94	 0.54; 1.66
D 3	 37.2	 30	 1.09	 0.64; 1.85	 174	 22	 0.84	 0.46; 1.51
D 4	 40.7	 15	 0.48	 0.25; 0.91	 184.3	 22	 0.85	 0.48; 1.53
D 5	 43.4	 20	 0.70	 0.39; 1.25	 193	 24	 0.81	 0.46; 1.43
D 6	 46.5	 27	 0.96	 0.56; 1.64	 203.3	 23	 1.11	 0.62; 1.99
D 7	 49	 18	 0.66	 0.36; 1.19	 211.6	 19	 0.82	 0.45; 1.50
D 8	 53.8	 18	 0.79	 0.43; 1.45	 225.5	 25	 0.77	 0.43; 1.36
D 9	 58.9	 28	 1.01	 0.59; 1.73	 243	 23	 0.88	 0.50; 1.57
D 10	 70.7	 28	 0.85	 0.50; 1.45	 281.2	 30	 1.05	 0.60; 1.82
Total	 46.3±12	 236			   201.7±41	 237
*Number deceased/ number at risk. Significant values are highlighted in boldface. ¶Adjusted for age, smoking status, lipid and antihypertensive drug us-
age, prevalent diabetes, and coronary heart disease. CI: Confidence interval; HR: Hazard ratio; HDL: High-density lipoprotein.



2010, the relative importance of high cholesterol fell, 
and its mortality burden was fourth greatest (after ex-
cess weight and hyperglycemia), being responsible 
for just more than 10% of deaths. In the meta-analysis 
of the Emerging Risk Factor Collaboration examining 
the impact of multimorbidity (diabetes, stroke, and 
myocardial infarction), baseline total cholesterol was 
lower (205 mg/dL) in 541 subjects with all 3 condi-
tions than in over 25,600 subjects with diabetes alone 
(219 mg/dL), or some 6000 with a combination of 2 
diseases (225 mg/dL).[18] This suggests that multimor-
bidity was more likely in patients with a lower TC 
level.

With respect to serum HDL-C, the highest and 
lowest 2 to 3 deciles were associated with a non-
significantly higher mortality risk in each sex, com-
pared with the intermediate categories (deciles 4 to 
8/9). This is consistent with previous prospective 
outcome studies in Turkish adults indicating that se-
rum HDL-C provided only partial protection against 
cardiometabolic risk.[19] Current findings are also 
in agreement with a failure of HDL-cholesterol to 
prove an independent risk factor in the algorithm of 
the French MONICA cohort.[3] Similarly, no associa-
tion was found prospectively between HDL-C and 
all-cause mortality in Japanese-American men aged 
over 70 years.[8] Our HDL-C findings are also in line 
with a systematic review of 108 randomized trials that 
disclosed no association between treatment-induced 

are significantly related to survival/mortality. Using 
categories of tenths, and adjusting for age, smoking 
status, lipid and antihypertensive drug usage, preva-
lent diabetes or CHD, and TC and HDL cholesterol 
levels did not predict mortality risk in either gender, 
and did not even display a significant trend. Baseline 
diabetes, CHD, and age were important determinants, 
added to a smoking habit in men.

Sex only marginally modulates the association of 
lipids with the risk of death

Though the TARF study has disclosed that several 
major risk factors diverge between the sexes,[16] this 
study did not find a disparity between women and 
men in the predictive value of TC and HDL-C for 
mortality risk. The only difference related to TC de-
ciles was that HRs in females tended to be reciprocal 
to those in males in deciles 2 through 5. This may 
be attributed to a comparatively higher death rate in 
females in the lowest decile, reflecting the effect of 
elevated risk due to autoimmune activation in the 
lowest TC decile.

Lipoproteins did not confer greater risk of death

Our main finding was the lack of association with 
mortality risk of both TC and HDL-C in both sexes. It 
is pertinent to point out the findings of 2 large meta-
analyses. For worldwide deaths due to cardiovascu-
lar diseases, chronic kidney disease, and diabetes in 
2010, high BP formed the leading risk factor.[17]By 

Figure 1. Graph depicts hazard ratios for risk of death of total (upper panel) and HDL cholesterol deciles (lower 
panel) in women and men. The generally anticipated significant trend in HR in regard to TC increments and HDL-C 
decrements is clearly lacking. A tendency to lower HRs in deciles 4-8 is apparent, yet rising in the 2 highest deciles. 
Men and women appear to show reciprocal changes in HR in the lower half of total cholesterol categories (see com-
ment in Discussion). 
HDL-C: High-density lipoprotein cholesterol; TC: Total cholesterol.
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in men. This hypothesis is consistent with the results 
of a large population-based study from Japan with 
830 deaths recorded during 12½ years of follow-up, 
which reported that a low (<8 mg/dL) Lp(a) level was 
a significant, 1.5-fold risk factor for all-cause death. 
Low Lp(a) level significantly and independently also 
predicted cancer and non-cardiovascular deaths.[24]

With respect to our findings that HDL-C lacks pre-
dictive value for mortality risk in either sex, it is per-
tinent to note that deciles 5 through 9 in women and 
deciles 6 through 10 in men displayed (unexpectedly) 
a tendency for a rising HR. This is in agreement with a 
pro-inflammatory conversion of such high HDL con-
tributing to increasing risk.

Strengths and limitations The present study’s large 
end-point and relatively large sample sizes, based on a 
representative general population sample of each sex, 
are strengths. Analysis of the lipid variables by tenths, 
adjusted for major determinants of risk of death, al-
lowed for detailed characterization of the associations 
in a sex-stratified manner. Findings may have limited 
applicability among younger Turkish adults, as age 
was shown to be a strong effect modifier, with 3- to 
4-fold higher excess risk in middle age than in indi-
viduals >70 years old.[25] 

The population sample prone to impaired glucose 
tolerance/metabolic syndrome[26] may limit the ability 
to generalize conclusions to other populations who do 
not have a background of insulin resistance, though 
the present findings may have validity in similar sub-
sets of many other populations.[27] The use of only 1 
baseline measurement may have led to a regression 
dilution effect and underestimation of the predictive 
value of the lipid variables.

Guidelines on TC and HDL-C A systematic review 
of guidelines on cardiovascular risk assessment found 
they were lacking a stated consensus on the recom-
mended age of screening for target populations.[28] 
Furthermore, the recommendation, “Adults 40–75 
years of age with LDL-C 70–189 mg/dL, without 
clinical atherosclerotic CVD [cardiovascular disease] 
or diabetes, and with an estimated 10-year atheroscle-
rotic CVD risk ≥7.5% should be treated with moder-
ate- to high-intensity statin therapy”,[29] is in conflict 
with our results, which coincide with both the age and 
the LDL-C brackets of individuals, harboring even a 
quadruple risk of mortality.

change in HDL-C level and risk ratios for cardiovas-
cular disease morbidity and mortality when controlled 
for low-density lipoprotein (LDL) cholesterol.[20]

Neither TC nor HDL-C was reported to be an in-
dependent significant factor in predicting long-term 
all-cause mortality in the study conducted by Mannan 
et al.,[21] who used the Framingham cohorts. Among 
publications reporting on the death risk with respect 
to TC, the largest of which, the HUNT-2 study, ana-
lyzed 2490 deaths, documented a linearly inverse as-
sociation with TC in women, and one that pursued a 
U-shaped risk curve in men.[2] A review of observa-
tional studies and randomized controlled trials on TC 
and mortality in people 80 years old or more did not 
find that lipid-lowering treatment had a beneficial ef-
fect on mortality.[8] After multivariable adjustment, 
an inverse association was found between TC and 
stroke or cardiovascular mortality in a Japanese co-
hort of over 16,000 participants tracked over a mean 
of 10.9 years.[22] Furthermore, a predictive value of 
cholesterol level for mortality was lacking in Swedish 
peri- and postmenopausal women, in contrast to pre-
menopausal women.[6] Thus, our observations are far 
from confined to Turkish adults and are supported by 
previous reports studying diverse ethnicities.

Potential explanation of elicited findings

Current findings on TC, supported by the previously 
reported findings discussed above, are of note due to 
2 shallow U-shaped risk curves in Turkish women 
divided by decile 6 (~198–208 mg/dL), somewhat 
paralleled in the top 4 deciles in men. This is consis-
tent with parallel serum Lp(a) aggregation in deciles 
8 and 7 and in deciles 5 to 2. Though these were not 
analyzed herein due to missing Lp(a) assays, a recent 
TARF study, which examined the role of a macro-
phage migration inhibitory factor genotype, provided 
some evidence that lower Lp(a) values may disclose 
an association with the risk of death.[23] Lp(a) quin-
tiles in men tended to be inversely associated with 
incident metabolic syndrome and all-cause mortality, 
and a significant HR for overall mortality was found 
in quintile 2. No association with mortality emerged 
in women, which was attributed to a more complex 
autoimmune activation.[23] Lp(a) and LDL-cholesterol 
may be linked via the LDL-receptor. The reciprocal 
risk association in females vs males, particularly in 
the lowest 5 TC deciles, is indicative of Lp(a) pro-
tein aggregation operating in women but only little 
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Clinical implications We agree with the HUNT 
study investigators[2] questioning the validity of relat-
ed clinical and public health recommendations, with 
the notable limitation of this question with respect to 
certain subsets of the population, namely, individuals 
prone to impaired glucose regulation, and aged over 
50 to 60 years. Placebo-controlled trials that enrolled 
individuals with high absolute risk in the settings of 
heart failure or renal failure found little evidence of 
event reduction with statin therapy despite large re-
ductions in LDL-cholesterol.[30,31] We documented 
that appropriately instituted statin therapy in popula-
tion subsets with metabolic syndrome or enhanced in-
flammation –such as in Turks- may increase CHD risk 
in a primary prevention setting.[32]

We conclude that TC and HDL-C levels in each 
sex were not relevant to mortality risk. These findings 
support the operation in this population of the previ-
ously epidemiologically documented excess cardio-
metabolic risk via the pathogenic process of enhanced 
pro-inflammatory state, HDL dysfunction and auto-
immune activation. Together with current practice 
guidelines and recommendations related to diverse 
cardiometabolic risks, this finding should guide clini-
cal practitioners in the prevention of multimorbidity 
in adults aged over 50 years.
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