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Abstract

Alcohol consumption is a proven risk factor of dyslipidemia. In the present analysis, we
investigated the association of alcohol intake with dyslipidemia, an emerging epidemic
in China, in male patients with hypertension and diabetes mellitus. Our study partici-
pants were from a nationwide registry (n = 1181). A questionnaire was administered
to collect information on alcohol intake. Dyslipidemia was defined as an elevated con-
centration of serum triglycerides (>2.3 mmol/L), total (>6.2 mmol/L) or low-density
lipoprotein (LDL) cholesterol (>4.1 mmol/L), or a reduced high-density lipoprotein
(HDL) cholesterol (< 1.0 mmol/L). Serum concentrations of triglycerides (1.60 mmol/L)
and total (4.93 mmol/L) and LDL cholesterol (2.95 mmol/L) were highest with current
usual drinking, with a significant P value for trend from never (n = 679) to ever (n = 107)
and to rare (n = 187) and usual drinkers (n = 208, P < .002). Serum HDL cholesterol
(1.13 mmol/L) was lowest in ever drinkers, with a nonsignificant P value for trend
(P=.22).The prevalence was highest in usual drinkers for hypertriglyceridemia (27.4%)
and total (12.5%) and LDL hypercholesterolemia (8.7%), and in ever drinkers for low
HDL cholesterol (34.6%). The P value for trend was significant for hypertriglyceridemia
and total hypercholesterolemia (P < .01), but not for LDL hypercholesterolemia or
low HDL cholesterol (P > .26). The between-province ecological analysis showed that
the proportion of usual drinking was significantly associated with the prevalence of
any dyslipidemia across 10 China provinces (r = .42, P < .0001). In conclusion, alco-
hol drinkers showed a worse lipid profile in patients with hypertension and diabetes
mellitus. Usual drinking ecologically explained the between-province variation in the
prevalence of dyslipidemia.
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1 | INTRODUCTION

Alcohol drinking is a commonly seen habit in almost all populations.
However, not only is the alcohol different between countries and pop-
ulations, but also the drinking pattern. In China, alcohol drinking is
largely a habit in men, except in several minority groups, in which
women also drink alcohol habitually. According to a China national sur-
vey, the proportion of current regular alcohol intake was 33% in men
and 2% in women. The proportion also differed significantly between
China provinces from 7% to 51% in men.! There are two main origi-
nal alcoholic beverages from China, that is, white spirits liquor and rice
wine with a 40% to 60% and 10% to 20% of alcohol volume,? respec-
tively. Beers are often drunk in summer. Imported and domestic white
and red wines are increasingly consumed in high- and mid-income com-
munities. Some people habitually drink alcohol with meal. Many others
drink alcohol in various gatherings of family, friends, or business part-
ners. On both conditions, the consumption of alcohol can be in a large
amount, and therefore may have acute harms. However, the long-term
chronic health consequence of alcohol intake can be beyond alcohol
per se, because both calorie and sodium intake are high with alcohol
drinking.

A major health concern associated with alcohol intake is dyslipi-
demia. Alcohol is known to increase high-density lipoprotein (HDL)
cholesterol and decrease low-density lipoprotein (LDL) cholesterol,3-7
which is assumed to be a favorable effect of moderate alcohol intake
on cardiovascular disease. However, previous studies produced incon-
sistent results on the association between alcohol intake and LDL
cholesterol. Several population-based studies showed that alcohol
drinking was associated with a higher level of LDL cholesterol.8-10
In addition, alcohol consumption is associated with elevated serum
triglycerides.1-1¢ It has been reported that at population level, 100 g
higher ethanol intake per week was associated with .041 mmol/L
higher serum triglycerides.!! These alterations in lipids associated
with alcohol intake may contribute to metabolic disorders, especially
in patients with hypertension or diabetes mellitus. In the present
study, we investigated the association of alcohol consumption with the
prevalence of dyslipidemia in patients with hypertension and diabetes
mellitus.

2 | METHODS

2.1 | Study participants

Our study participants were recruited from a prospectively designed
cross-sectional, multicenter (n = 40) registry in China, carried out in
the departments of cardiovascular and endocrine medicine of hospi-
tals from June 2011 to March 2012. The study protocol of the registry
had been described in detail previously.l”:18 Briefly, we registered
consecutive patients with previously diagnosed hypertension from
the departments of cardiovascular medicine and patients with previ-
ously diagnosed diabetes mellitus from the departments of endocrine
medicine. The study was in line with the Declaration of Helsinki and

was ethically approved by the Ruijin Hospital Ethics Committee of
Shanghai Jiao Tong University School of Medicine (ID: 2011-58). All
patients gave written informed consent.

The registry included a total of 2510 patients. From the present
analysis, we excluded 1329 women because of low proportion of
alcohol intake (2.1%, n = 28), leaving 1181 men in the present study.

22 |
intake

Questionnaire and classification of alcohol

A standardized questionnaire was administered by physicians at
the first of two clinic visits 2-5 days apart to collect information on
medical history, alcohol intake and other lifestyle factors, and use of
medications. Participants were classified into four groups according to
alcohol consumption: never (had never drunk in the past), ever (almost
never drank alcohol in the past year, but had drunk weekly 1 year
before), rare (had drunk alcohol occasionally, ie, monthly and less than
weekly in the past year), and usual drinkers (had drunk alcohol at least
weekly during the past year). The latter two were combined as current

drinkers.

2.3 | Serum lipids measurement and definition of
dyslipidemia

Venous blood samples were drawn after overnight fasting for mea-
surements of serum lipids, glycosylated hemoglobin A1 (HbA1c), and
plasma glucose.

Dyslipidemia was defined as a serum triglycerides concentration
of 2.3 mmol/L or higher, a serum total cholesterol concentration
of 6.2 mmol/L or higher, a serum LDL cholesterol concentration of
4.1 mmol/L or higher, or serum HDL cholesterol concentration lower
than 1.0 mmol/L.2? Borderline dyslipidemia was defined as a serum
triglycerides level between 1.7 and 2.2 mmol/L, a serum total choles-
terol level between 5.2 and 6.1 mmol/L, a serum LDL cholesterol level
between 3.4 and 4.0 mmol/L.

2.4 | Other clinical measurements
Blood pressure was measured using a validated Omron HEM-7201
automatic oscillometric blood pressure monitor (Omron Healthcare,
Kyoto, Japan) at the first and second clinic visits. On each of the two
occasions, three blood pressure readings were obtained in the seated
position after the patients had rested for at least 5 min. These six
readings on two clinic visits were averaged for statistical analysis.
Anthropometric measurements included body weight, body height,
and waist and hip circumferences. Body mass index was calculated as
the body weight in kilograms divided by the body height in meters
squared. Overweight and obesity was defined as a body mass index
of 25 kg/m?2 or greater. Abdominal obesity was defined as a waist

circumference >90 cm.
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FIGURE 1 Proportion of usual alcohol intake by province, given per province above the bar
2.5 | Statistical analysis The study participants differed across the alcohol consumption

Statistical analyses were performed using SAS software (version 9.4,
SAS Institute, Cary, North Carolina, USA). Means were compared by
the analysis of variance (ANOVA) with the Student-Newman-Keuls test
for a posteriori between-group contrast at a significance level set at
5%. Proportions were compared by the Chi-square test. Continuous
measurements with a skewed distribution were expressed as median
with interquartile range and were analyzed using the non-parametric
Kruskal-Wallis test. Logistic regression analyses were performed to
calculate odds ratios (OR) and the corresponding 95% confidence
interval (Cl) for dyslipidemia, with never drinkers as the reference
group and with age, body mass index, current smoking, and antihy-
pertensive and antidiabetic treatment as confounding factors. We
performed ecological analysis to investigate the contribution of usual
alcohol intake to the prevalence of dyslipidemia across provinces in
weighted linear regression models. P < .05 was considered statistically
significant for two-sided tests.

3 | RESULTS

3.1 | Characteristics of the study participants

The 1181 male participants were enrolled from ten provinces. The pro-
portion of usual drinkers varied substantially between provinces from
7.4% in Guangdong in southern China to 28.4% in Jilin in northern
China (Figure 1). Overall, the prevalence of ever, rare, and usual alcohol
drinking was 9.1%, 15.8%, and 17.6%, respectively.

categories in most of the characteristics, such as the mean values of
age (53.8 + 10.6 to 58.4 + 12.7 years), waist circumference (90.9 + 8.9
to 93.6 + 15.1 cm), HbA1c (6.6% + 1.6% to 6.9% + 1.7%), and dias-
tolic blood pressure (77.4 + 10.6 to 83.2 + 12.0 mmHg), and the
proportions for abdominal obesity (53.5% to 64.7%), current smoking
(22.8% to 71.2%), use of antihypertensive (52.4% to 70.1%) and
antidiabetic drugs (49.7% to 59.8%), and use of statins (15.4% to
30.8%) and all lipid-lowering agents (18.7% to 35.5%, P < .04). Ever
drinkers had the highest use of statins and other lipid-lowering agents
(P < .009 vs others). Nonetheless, they had similar body mass index
(25.5 + 3.2 kg/m2), overweight and obesity (53.1%), systolic blood
pressure (135.9 + 16.7 mmHg), pulse rate (73.3 + 12.6 beats/min), and
plasma fasting glucose (6.29 [5.40-7.96] mmol/L, P> .17, Table 1).

3.2 | Dyslipidemia in relation to alcohol intake
Serum concentrations of triglycerides (1.35 [.93-2.02] to 1.60 [1.08-
2.38] mmol/L) and total (4.37 + .94 to 4.93 + 1.07 mmol/L) and LDL
cholesterol (2.62 + .83 to 2.95 + .90 mmol/L) were highest with cur-
rent usual drinking, with a statistically significant P value for trend from
never to ever and to rare and usual drinkers (P <.002, Table 2). Serum
HDL cholesterol (1.13 + .27 to 1.25 + .43 mmol/L) was lowest in ever
drinkers. The P value for trend did not attain statistical significance (P
fortrend =.22).

In categorical analyses, the prevalence of dyslipidemia was accord-
ingly highest in current usual drinkers for hypertriglyceridemia (18.7%
to 27.4%) and total (3.7% to 12.5%) and LDL hypercholesterolemia
(5.6% to 8.7%), and in ever drinkers for low HDL cholesterol (20.3% to
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TABLE 1 Characteristics of patients according to alcohol intake

Non-drinkers Past drinkers Current drinkers P

Characteristic (No.=679) (No.=107) Rare (No. = 187) Usual (No. = 208) (ANOVA)
Age, years 584+ 127 58.4+123 555+ 11.6 53.8+10.6 <.0001
Body mass index, kg/m?
Mean + SD 254 +3.2 25.5+3.3 25.7+34 25.6 +3.3 49
>25, no. (%) 356 (52.4) 57(53.3) 105 (56.2) 109 (52.4) .83
Waist circumference, cm
Mean + SD 90.9+8.9 91.8+95 93.6+15.1 927+91 .005
>90, no. (%) 363(53.5) 64(59.8) 121(64.7) 126 (60.6) .02
Current smoking, no. (%) 155(22.8) 25(23.4) 85(45.5) 148 (71.2) <.0001
Systolic blood pressure, mmHg 136.7 + 16.7 133.2+ 184 1350+ 15.6 1355+17.0 17
Diastolic blood pressure, mmHg 810+ 116 774+ 10.6 83.1+11.0 83.2+120 <.0001
Pulse rate, beats/min 737 +124 72.7+12.0 723+124 735+ 135 .53
Plasma fasting glucose, mmol/L 6.30(5.42-8.00) 6.14(5.32-7.27) 6.17 (5.20-7.71) 6.42(5.50-8.22) 21
Glycosylated hemoglobin Alc, % 6.9+16 6.9+16 6.6+15 6.9+17 .04
Antihypertensive treatment, no. (%) 446 (65.7) 75(70.1) 126 (67.4) 109 (52.4) .02
Antidiabetic treatment, no. (%) 383(56.4) 64 (59.8) 93(49.7) 104 (50.0) .0001
Use of lipid-lowering agents, no. (%) 155(22.8) 38(35.5) 35(18.7) 39(18.8) .004
Use of statins, no. (%) 134(19.7) 33(30.8) 33(17.7) 32(15.4) 01
Use of other lipid-lowering agents, no. (%) 21(3.1) 5(4.7) 2(1.1) 7(3.4) 31

Note: Values are arithmetic mean + standard deviation, median (interquartile range) or percentage of participants (number), unless otherwise indicated.

TABLE 2 Lipid profile according to alcohol intake
Non-drinkers Past drinkers

Serum lipids (No.=679) (No.=107)
Serum triglycerides, mmol/L
Median (interquartile range) 1.35(.93-2.02) 1.41(.98-1.85)
Serum cholesterol, mmol/L
Total, Mean + SD 4.63+1.05 4.37 +.94
LDL, Mean + SD 2.77 +.89 2.62 +.83
Serum HDL cholesterol, mmol/L
Mean + SD 1.23+.32 1.13+.27*

Current drinkers

Rare (No. = 187) Usual (No. = 208) P (for trend)
1.53(.96-2.49) 1.60(1.08-2.38)** .002
475+ 1.20 4.93 + 1.07*" <.0001
2.84+.93 2.95+0.90" .002

116 +.31 1.25 +.43° 22

Note: Values are arithmetic mean + standard deviation, median (interquartile range) or percentage of participants (number), unless otherwise indicated.

*P<.05 vs non-drinkers; TP<0.05 vs past drinkers.
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.

34.6%). The P value for trend reached statistical significance for hyper-
triglyceridemia, total hypercholesterolemia, and any dyslipidemia (P <
.01), but not for LDL hypercholesterolemia, low HDL cholesterol or the
use of lipid-lowering agents (P >.15).

After adjustment for age, body mass index, current smoking, and
antihypertensive and antidiabetic treatment, the adjusted ORs for any
lipid abnormality were statistically significant for current rare drinkers
(1.43, 95% CI 1.02-2.02, P = .02) and for the combined ever with
current rare and usual drinkers (1.30, 95% CI 1.003-1.68, P =.047),in
spite of nonsignificant P values for trend (P> .11, Table 3).

3.3 | Between-province ecological analysis

The distributions of alcohol consumption and dyslipidemia in ten
provinces in China are shown in the Supplementary Figures S1
and S2. The between-province ecological analysis showed that the
proportion of usual drinkers was significantly associated with the
prevalence of any dyslipidemia across provinces, with a correlation
coefficient of .42 (P < .0001) and 18% of the variance in the prevalence
of any dyslipidemia explained by the proportion of usual drinkers
(Figure 2).
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TABLE 3 Dyslipidemia according to alcohol intake

Non-drinkers Past drinkers

Dyslipidemia (No.=679) (No.=107)
Serum triglycerides >2.3 mmol/L

Prevalence, % (no.) 19.2(130) 18.7 (20)

Odds ratio (95% ClI)? 1 .91(.53-1.56)
Serum total cholesterol >6.2 mmol/L

Prevalence, % (no.) 7.2 (49) 3.7 (4)

QOdds ratio (95% Cl) 1 49 (.17-1.39)
Serum LDL-cholesterol >4.1 mmol/L

Prevalence, % (no.) 8.4(57) 5.6 (6)

Odds ratio (95% Cl) 1 .67 (.28-1.61)
Serum HDL-cholesterol < 1.0 mmol/L

Prevalence, % (no.) 20.3(138) 34.6 (37)

Odds ratio (95% CI) 1 1.95(1.23-3.06)
Any dyslipidemia

Any above lipid abnormality

Prevalence, % (no.) 37.7 (256) 449 (48)

Odds ratio (95% Cl) 1 1.27(.83-1.95)
Use of lipid-lowering agents

Prevalence, % (no.) 22.8(155) 35.5(38)

Odds ratio (95% Cl) 1 1.77 (1.12-2.80)

Current drinkers

Rare (No. = 187) Usual (No. = 208) P (for trend)
25.7 (48) 27.4(57) .004
1.24(.83-1.84) 1.24(.83-1.86) 21
10.7 (20) 12.5(26) .01
1.40 (.80-2.45) 1.50 (.86-2.62) 11
7.5(14) 8.7 (18) .94
.84 (.45-1.57) .97 (.52-1.78) .75
28.9 (54) 20.7 (43) 26
1.49(1.01-2.19) .93(.61-1.42) .56
49.2(92) 45.7 (95) .005
1.43(1.02-2.02) 1.18(.83-1.68) A2
18.7 (35) 18.8(39) .15
.81(.53-1.25) .94 (.60-1.46) .33

Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
20dds ratios (95% Cl) were computed for each category of alcohol drinking versus never drinking after adjustment for age, body mass index, current smoking,

and antihypertensive and antidiabetic treatment.
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FIGURE 2 Between-province ecological analysis on the
prevalence of dyslipidemia in relation to usual alcohol intake in a
weighted linear regression model (sample size per province). The r
square and P values are given

3.4 | Analyses on the combined dyslipidemia and
borderline dyslipidemia

Further analyses on dyslipidemia and borderline dyslipidemia were

confirmatory (Table 4). With a much higher prevalence, the P values

for trend reached statistical significance in all unadjusted analyses
(P <.05) and in adjusted analyses on any dyslipidemia and borderline
dyslipidemia (P =.003).

3.5 | Subgroup analyses in hypertension, diabetes
mellitus, or both

Further subgroup analyses showed that the prevalence of any dyslipi-
demia was higher with various categories of alcohol drinking, similarly
in patients with hypertension and diabetes mellitus alone or both.
The P value for trend, however, reached statistical significance only in
patients with diabetes mellitus alone (P = .02), but not in patients with
hypertension either alone or in combination with diabetes mellitus (P >
.14, Figure 3). Similar results were observed in analyses on dyslipidemia

and borderline dyslipidemia (data not shown).

4 | DISCUSSION

The key finding of our study was that current alcohol intake, especially
usual drinking, was associated with an unfavorable lipid profile and a
higher prevalence of dyslipidemia. This observation may have ecologi-

cal implications for the between-province comparisons in China.
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TABLE 4 Dyslipidemia and borderline dyslipidemia according to alcohol intake
Non-drinkers Past drinkers Current drinkers
Dyslipidemia and borderline dyslipidemia (No.=679) (No.=107) Rare (No. = 187) Usual (No. = 208) P (for trend)
Serum triglycerides >1.7 mmol/L
Prevalence, % (no.) 34.3(233) 31.8(34) 43.9(82) 46.2(96) .0005
Odds ratio (95% ClI)? 1 .80(.51-1.27) 1.28(.90-1.81) 1.31(.92-1.88) .08
Serum total cholesterol >5.2 mmol/L
Prevalence, % (no.) 27.1(184) 18.7 (20) 31.0(58) 38.9(81) .002
Odds ratio (95% Cl) 1 .60 (.36-1.02) 1.11(.77-1.60) 1.36(.95-1.95) 11
Serum LDL-cholesterol >3.4 mmol/L
Prevalence, % (no.) 22.7 (154) 17.8(19) 23.5(44) 30.3(63) .05
Odds ratio (95% Cl) 1 .74 (43-1.27) .97 (.65-1.44) 1.28(.87-1.89) .33
Any dyslipidemia and borderline dyslipidemia
Prevalence, % (no.) 55.8(379) 63.6 (68) 69.5(130) 69.2 (144) <.0001
Odds ratio (95% CI) 1 1.34(.87-2.07) 1.67 (1.17-2.40) 1.53(1.06-2.22) .003

Abbreviations: Cl, confidence interval; LDL, low-density lipoprotein.

20dds ratios (95% Cl) were computed for each category of alcohol drinking versus never drinking after adjustment for age, body mass index, current smoking,

and antihypertensive and antidiabetic treatment.
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A unique feature of our present analysis is the multicenter
recruitment of participants with hypertension and diabetes mellitus.
Nonetheless, our observations on the worse lipid profile and higher
prevalence of dyslipidemia associated with usual alcohol drinking is
in keeping with the results of several previous studies in China and
other Asian countries with similar alcohol drinking pattern.®1214 |n
a community-based study in Chinese men and women (n = 71 379),
serum total and LDL cholesterol were significantly (P < .0001) higher

in any drinkers than never drinkers.® In another Chinese study with
an even larger number of participants (n = 163 641), the prevalence
of hypercholesterolemia and hypertriglyceridemia was higher in cur-
rent excessive alcohol drinkers than non-drinkers.'? As commonly
believed, the association between alcohol intake and dyslipidemia
seemed to be stronger for hypertriglyceridemia than for hypercholes-
terolemia. Indeed, in a Korean study in 1893 older (>60 years) men,
both the serum concentration of triglycerides and the prevalence of
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hypertriglyceridemia were significantly (P < .001) higher in drinkers
consuming >30 g/day than non-drinkers.

Significant associations between alcohol intake and hypertriglyc-
eridemia were also observed in several studies with participants of
European ancestry.2>1% |n a Swiss study (n = 5769), heavy and very
heavy drinkers had a significantly higher serum triglycerides con-
centration than non-drinkers.’ In a Polish national health survey in
2003-2005 (6912 men, 20-74 years), moderate and heavy drinkers
had a 25% and 46%, respectively, higher prevalence of hypertriglyc-
eridemia than light drinkers.1¢ In both of the European studies, heavy
drinkers had a higher HDL cholesterol than light- or non-drinkers,
probably because of wine drinking.2>1¢

In contrast to the results of the above-mentioned>1¢ and several
other European studies, our study showed lower, not higher, serum
HDL cholesterol in ever or rare drinkers than non-drinkers. The under-
lying mechanism is not known. A possible explanation may be that the
Chinese mainly drink alcoholic beverages other than red wine. There
is some evidence that red wine, not any other alcoholic beverage,
increases serum HDL cholesterol.2° In our present study, we cannot
test this hypothesis, because we did not collect information on the type
of alcoholic beverages.

We observed a highest use of statins and other lipid-lowering agents
and a highest prevalence of low HDL cholesterol in ever drinkers. This
finding is in keeping with the results of several previous studies,222
and may have implications in clinical research on the risk associated
with alcohol intake, in policy making on alcohol restriction, and in
cardiovascular prevention. These ever drinkers might have stopped
alcohol drinking because of cardiovascular or non-cardiovascular ill-
nesses. In longitudinal studies on the risk of alcohol intake, ever
drinking might have to be taken into account. Otherwise, the risk can
be substantially underestimated. Accordingly, various strict regula-
tions might have to be implemented for reducing alcohol consumption
in general and reducing production of high ethanol volume alcohol
beverages in particular.

Although the sample size of our study was not sufficiently large
for a per-province analysis, usual alcohol drinking showed a signifi-
cant association with the between-province variation in the prevalence
of dyslipidemia. This finding, if confirmed in even larger studies, may
have important public health implications. The evidence would build
the ground for more intensive regulations on the production, sales, and
consumption of alcohol in several provinces with a high prevalence of
alcohol intake. Lifestyle factors, such as alcohol drinking, are largely
but not entirely personal. Governmental regulations and policy can and
should play a part in lifestyle modification, including alcohol restriction
and moderation.

Our study should be interpreted within the context of its limita-
tions. First, our study had a cross-sectional design and does not allow
any causal inference. Second, because of the low proportion of alco-
hol intake in women, our analysis had to restrict to men. The results of
our study should be cautiously extrapolated to female drinkers. Third,
we did not collect information on the exact volume or type of alcoholic
beverages. The possibility that characteristics other than alcohol intake

frequency also play a part cannot be entirely excluded.

In conclusion, alcohol drinking, especially usual drinking, was asso-
ciated with a worse lipid profile and higher prevalence of dyslipidemia
in patients with hypertension and diabetes mellitus. This association
might have ecological implications for the prevention of dyslipidemia,
because usual drinking seemed to explain a quite significant proportion
of the between-province variation in the prevalence of dyslipidemia.

AUTHOR CONTRIBUTIONS

JGW. and L.N.J. contributed to the conception and design of the
work. X.FY. performed data analysis and prepared the first draft of
the manuscript together with J.GW. All authors critically revised the

manuscript and gave the final approval.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the participation of the patients
and the contribution of the investigators. The participating hospitals
were listed in a previously published online supplemental Appendix 1
(http://links.lww.com/HJH/A634).

The registry was supported by Sanofi China (Shanghai,
DIREG_L_05728). J-GW. was also financially supported by grants
from the National Natural. Science Foundation of China (grant
82070435), and from the Shanghai Commissions of Science and
Technology (grant 19DZ2340200) and Health (“Three-year Action
Program of Shanghai Municipality for Strengthening the Construction
of Public Health System” GWV-10.1-XK05 and a special grant for
“leading academics”) Shanghai, China, and from the Clinical Research
Program, Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine (grant 2018CR010), Shanghai, China.

CONFLICT OF INTEREST

Dr Wang reports receiving lecture and consulting fees from Merck,
Novartis, Omron, Servier, and Takeda. The other authors declared no
conflicts of interest.

ORCID
Li-Nong JiMD, PhD
Ji-Guang Wang MD, PhD

https://orcid.org/0000-0003-1305-1598
https://orcid.org/0000-0001-8511-1524

REFERENCES

1. Millwood 1Y, Li L, Smith M, et al. Alcohol consumption in 0.5 mil-
lion people from 10 diverse regions of China: prevalence, patterns
and socio-demographic and health-related correlates. Int J Epidemiol.
2013;42(3):816-827.

2. Im PK, Millwood 1Y, Guo Y, et al. Patterns and trends of alcohol con-
sumption in rural and urban areas of China: findings from the China
Kadoorie Biobank. BMC Public Health. 2019;19(1):217.

3. Suliga E, Koziel D, Ciesla E, Rebak D, Gluszek-Osuch M, Gluszek S.
Consumption of alcoholic beverages and the prevalence of metabolic
syndrome and its components. Nutrients. 2019;11(11):2764.

4. Vu KN, Ballantyne CM, Hoogeveen RC, et al. Causal role of alcohol
consumption in an improved lipid profile: the Atherosclerosis Risk in
Communities (ARIC) study. PLoS One. 2016;11(2):e0148765.

5. Zaid M, Miura K, Okayama A, et al. Associations of high-density
lipoprotein particle and high-density lipoprotein cholesterol with alco-
hol intake, smoking, and body mass index-The INTERLIPID study. Circ
J.2018;82(10):2557-2565.


http://links.lww.com/HJH/A634
https://orcid.org/0000-0003-1305-1598
https://orcid.org/0000-0003-1305-1598
https://orcid.org/0000-0001-8511-1524
https://orcid.org/0000-0001-8511-1524

® | WILEY

6.

10.

11.

12.

13.
14.
15.

16.

YEETAL.

Huang S, Li J, Shearer GC, et al. Longitudinal study of alcohol consump-
tion and HDL concentrations: acommunity-based study. Am J Clin Nutr.
2017;105(4):905-912.

. Lee K, Kim J. The effect of smoking on the association between long-

term alcohol consumption and dyslipidemia in a middle-aged and older
population. Alcohol Alcohol. 2020;55(5):531-539.

. Zhao Y, Liu X, Mao Z, et al. Relationship between multiple healthy

lifestyles and serum lipids among adults in rural China: a population-
based cross-sectional study. Prev Med. 2020;138:106158.

. Perissinotto E, Buja A, Maggi S, et al. Alcohol consumption and cardio-

vascular risk factors in older lifelong wine drinkers: the Italian Longitu-
dinal Study on Aging. Nutr Metab Cardiovasc Dis. 2010;20(9):647-655.

Mansour M, Tamim H, Nasreddine L, et al. Prevalence and associations
of behavioural risk factors with blood lipids profile in Lebanese adults:
findings from WHO STEPwise NCD cross-sectional survey. BMJ Open.
2019;9(8):e026148.

Waurtz P, Cook S, Wang Q, et al. Metabolic profiling of alcohol con-
sumption in 9778 young adults. Int J Epidemiol. 2016;45(5):1493-
1506.

Zhang M, Deng Q, Wang L, et al. Prevalence of dyslipidemia and
achievement of low-density lipoprotein cholesterol targets in Chi-
nese adults: a nationally representative survey of 163,641 adults. Int
J Cardiol. 2018;260:196-203.

Kwon YJ, Kim SE, Park BJ, Bae JW, Kang HT. High-risk drinking is asso-
ciated with dyslipidemia in a different way, based on the 2010-2012
KNHANES. Clin Chim Acta. 2016;456:170-175.

Park H, Kim K. Relationship between alcohol consumption and
serum lipid levels in elderly Korean men. Arch Gerontol Geriatr.
2012;55(2):226-230.

Foerster M, Marques-Vidal P, Gmel G, et al. Alcohol drinking and car-
diovascular risk in a population with high mean alcohol consumption.
Am J Cardiol. 2009;103(3):361-368.

Waskiewicz A, Sygnowska E. Alcohol intake and cardiovascular risk
factor profile in men participating in the WOBASZ study. Kardiol Pol.
2013;71(4):359-365.

17.

18.

19.

20.

21.

22.

Song J, Sheng CS, Huang QF, et al. Management of hypertension and
diabetes mellitus by cardiovascular and endocrine physicians: a China
registry. J Hypertens. 2016;34(8):1648-1653.

Zhang W, Liu CY, Ji LN, Wang JG, ATTEND investigators. Blood pres-
sure and glucose control and the prevalence of albuminuria and left
ventricular hypertrophy in patients with hypertension and diabetes. J
Clin Hypertens (Greenwich). 2020;22(2):212-220.

Joint committee for guideline revision. 2016 Chinese guidelines
for the management of dyslipidemia in adults. J Geriatr Cardiol.
2018;15(1):1-29.

Nova E, San Mauro-Martin |, Diaz-Prieto LE, Marcos A. Wine and beer
within a moderate alcohol intake is associated with higher levels of
HDL-c and adiponectin. Nutr Res. 2019;63:42-50.

Daya NR, Rebholz CM, Appel LJ, Selvin E, Lazo M. Alcohol consumption
and risk of hospitalizations and mortality in the Atherosclerosis Risk in
Communities Study. Alcohol Clin Exp Res. 2020;44(8):1646-1657.
Millwood IY, Walters RG, Mei XW, et al. Conventional and genetic evi-
dence on alcohol and vascular disease aetiology: a prospective study
of 500 000 men and women in China. Lancet. 2019;393(10183):1831-
1842.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Ye X-F, Miao C-Y, Zhang W, Ji L-N,
Wang J-G; for the ATTEND investigators. Alcohol intake and
dyslipidemia in male patients with hypertension and diabetes
enrolled in a China multicenter registry. J Clin Hypertens.
2023;25:183-190. https://doi.org/10.1111/jch.14638


https://doi.org/10.1111/jch.14638

	Alcohol intake and dyslipidemia in male patients with hypertension and diabetes enrolled in a China multicenter registry
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study participants
	2.2 | Questionnaire and classification of alcohol intake
	2.3 | Serum lipids measurement and definition of dyslipidemia
	2.4 | Other clinical measurements
	2.5 | Statistical analysis

	3 | RESULTS
	3.1 | Characteristics of the study participants
	3.2 | Dyslipidemia in relation to alcohol intake
	3.3 | Between-province ecological analysis
	3.4 | Analyses on the combined dyslipidemia and borderline dyslipidemia
	3.5 | Subgroup analyses in hypertension, diabetes mellitus, or both

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


