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1  |  INTRODUC TION

With the significant changes in lifestyle, there is an emerging ep-
idemic of dyslipidemia in China. According to a series of national 
surveys in 2002, 2012, and 2015, serum lipid concentrations in-
creased from 3.93 to 4.59 and to 4.63 mmol/L, respectively, for total 

cholesterol, from 1.12 to 1.41 and to 1.47 mmol/L, respectively, for 
triglycerides, and from 2.12 to 2.78 and to 2.87 mmol/L, respec-
tively, for low- density lipoprotein (LDL) cholesterol, and changed 
from 1.30 to 1.18 and to 1.26 mmol/L, respectively, for high- 
density lipoprotein (HDL) cholesterol.1 The corresponding changes 
in the prevalence of dyslipidemia were from 1.6% to 5.6% and to 
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Abstract
Dyslipidemia is an emerging disease in China, especially in the presence of hyper-
tension and diabetes mellitus. We investigated the association of dyslipidemia with 
the use of antihypertensive and antidiabetic agents. The study participants (n = 2423) 
were hypertensive and diabetic patients enrolled in a China nationwide registry. 
Serum mean ± (SD, except for serum triglycerides, median [interquatile range]) con-
centrations were 1.38 (0.97- 2.02) mmol/L, 4.85 ± 1.12 mmol/L, 1.30 ± 0.36 mmol/L, 
and 2.89 ± 0.92 mmol/L for triglycerides and total, high- density lipoprotein (HDL), and 
low- density lipoprotein (LDL) cholesterol, respectively. The prevalence of dyslipidemia 
was 18.9%, 13.5%, 16.6%, and 37.7% for hypertriglyceridemia (serum triglycerides 
≥2.3 mmol/L), hypercholesterolemia (total cholesterol ≥6.2 mmol/L or LDL choles-
terol ≥4.1 mmol/L), low HDL cholesterol (HDL cholesterol <1.0 mmol/L), and any of 
the three lipid disorders, respectively. Treated (n = 1647), compared with untreated 
hypertensive patients (n = 303), had a significantly (P ≤ .0006) lower serum total, LDL, 
and HDL cholesterol, but similar serum triglycerides (P = .20). Treated (n = 1325), com-
pared with untreated diabetic patients (n = 238), had a significantly (P ≤ .004) lower 
serum triglycerides, and total and LDL cholesterol, but similar serum HDL cholesterol 
(P = .81). After adjustment, the odds ratios (OR) were significant for hypercholes-
terolemia (OR 0.76, 95% confidence interval [CI] 0.58- 0.997, P = .048) and low HDL 
cholesterol (OR 1.56, CI 1.19- 2.03, P = .001) in treated versus untreated hyperten-
sion, and for low HDL cholesterol (OR 1.50, CI 1.18- 1.89, P = .0008) in treated versus 
untreated diabetes. In conclusion, the prevalence of dyslipidemia differed between 
treated and untreated hypertension and diabetes.
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5.8%, respectively, for hypercholesterolemia (serum total choles-
terol ≥6.22 mmol/L or LDL cholesterol ≥4.14 mmol/L), from 5.7% 
to 13.6% and to 15.0%, respectively, for hypertriglyceridemia (tri-
glycerides ≥2.26 mmol/L), and from 18.8% to 35.5% and to 24.9%, 
respectively, for low HDL cholesterol (<1.04 mmol/L).1

Even worse is the concomitant presence of dyslipidemia with other 
cardiovascular risk factors, such as hypertension and diabetes mellitus. 
According to a national survey in an elderly (≥60 years) Chinese popula-
tion sample, the prevalence of dyslipidemia (hypertriglyceridemia and 
hypercholesterolemia for either serum total or LDL cholesterol) was 
17.3% in hypertensive patients (n = 13,000) and 15.2% in normoten-
sive participants (n = 6967), and 23.2% in diabetic patients (n = 3911) 
and 12.6% in non- diabetic participants (n = 16,062).2 These diseases 
may share similar environmental, lifestyle, and genetic risk factors. 
However, the long- term management strategies of one chronic disease 
may also increase the risk of another. It is known that thiazide diuretics 
increase blood glucose and lipids,3,4 and β- blockers also increase the 
risk of diabetes mellitus, especially when used in combination with high 
dose of thiazide diuretics.5 It is also known that statins may increase 
the risk of diabetes mellitus.6 We hypothesize that hypertensive and 
diabetic patients have high risk of dyslipidemia to some extent via the 
use of antihypertensive and antidiabetic agents.

We recently performed a China nationwide multicenter registry 
of treated patients with hypertension and diabetes mellitus,7 which 
allows to test the abovementioned hypothesis according to the pres-
ence or absence of treated hypertension and diabetes mellitus. In 
the present analysis, we investigated the association of dyslipidemia 
with the use of antihypertensive and antidiabetic agents in patients 
with hypertension or diabetes mellitus.

2  |  METHODS

2.1  |  Study population

The study participants were hypertensive and diabetic patients en-
rolled in a China nationwide multicenter registry, carried out from 
June 2011 to March 2012. The study protocol of the registry had been 
described in detail previously.8 Briefly, we registered consecutive pa-
tients with previously diagnosed hypertension from the departments 
of cardiovascular medicine and those with previously diagnosed diabe-
tes mellitus from the departments of endocrine medicine. To be eligi-
ble for inclusion, a patient had to be at least 20 years of age and was 
able to participate in two clinic visits two to five days apart. At the first 
clinic visit, the study physicians administered a questionnaire to collect 
information on medical history, current smoking and alcohol intake, 
and use of medications. Blood pressure was measured. At the second 
clinic visit, blood pressure was measured for the second time. Venous 
blood samples were drawn after overnight fasting for measurements 
of plasma glucose, glycosylated hemoglobin A1c (HbA1c), and serum 
lipids. The ethics committees of all participating hospitals approved the 
study protocol. All study participants gave written informed consent.

Of the 2510 registered patients, 87 were excluded from the 
present analysis, because of extreme (n = 24) or missing lipid values 
(n = 63), leaving 2423 patients in the analysis.

2.2  |  Measurement of serum lipids and 
definition of dyslipidemia

Serum lipids were measured using the enzymatic method. 
Dyslipidemia was defined according to the 2016 Chinese guide-
line for the management of dyslipidemia in adults.9 The diagnostic 
thresholds were ≥2.30 mmol/L of serum triglycerides concentration 
for hypertriglyceridemia, ≥6.20 mmol/L of serum total cholesterol 
concentration or ≥4.10 mmol/L of serum LDL cholesterol concen-
tration for hypercholesterolemia, and <1.00 mmol/L of serum HDL 
cholesterol concentration for low HDL cholesterol.9

2.3  |  Blood pressure, anthropometry, and blood 
glucose measurements

Blood pressure was measured at the first and second clinic visits. 
On each of the two occasions, three blood pressure readings were 
obtained consecutively with an interval of 30- 60 seconds in the 
sitting position after the study participants had rested for at least 
five minutes. A validated Omron HEM- 7201 automatic oscillomet-
ric blood pressure monitor (Omron Healthcare, Kyoto, Japan) was 
used in all participating hospitals. The six blood pressure readings 
on the two clinic visits were averaged for statistical analysis and for 
the definition of hypertension (systolic blood pressure ≥140 mm Hg 
or diastolic blood pressure ≥90 mmHg, or use of antihypertensive 
medication).

Anthropometric measurements included body weight, body 
height, and waist and hip circumferences. Body mass index was cal-
culated as the body weight in kilograms divided by the body height 
in meters squared.

In patients without previously diagnosed diabetes mellitus, an 
oral glucose tolerance test was performed, and diabetes mellitus 
was defined in the presence of a fasting plasma glucose ≥7.0 mmol/L 
or a 2- h post- loading plasma glucose ≥11.1 mmol/L. In patients with 
previously diabetes mellitus, plasma fasting glucose was measured. 
HbA1c was measured in all patients.

2.4  |  Statistical analysis

Statistical analysis was performed using the SAS software (version 
9.4; SAS Institute, Cary, NC, USA). Means and proportions across 
the groups were compared by the analysis of variance (ANOVA) and 
Fisher's exact test, respectively. Continuous measurements with 
a skewed distribution were represented by median (interquartile 
range) and compared by the nonparametric test. Logistic regression 
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analyses were performed to study the associations of interest, while 
adjusting for the confounding factors.

3  |  RESULTS

3.1  |  Clinical characteristics of patients

The 2423 study participants included 860 patients with hyperten-
sion alone, 473 patients with diabetes mellitus alone, and 1090 pa-
tients with both hypertension and diabetes mellitus. These three 

groups of patients were significantly different in all major character-
istics, such as sex, age, body mass index, current smoking and alco-
hol intake, systolic and diastolic blood pressure, pulse rate, plasma 
fasting glucose, HbA1c, and the use of statins or other lipid- lowering 
agents (P ≤.007; Table 1).

Overall, serum mean ± (SD, except for serum triglycerides, median 
[interquatile range]) concentrations were 1.38 (0.97- 2.02) mmol/L, 
4.85 ± 1.12 mmol/L, 1.30 ± 0.36 mmol/L, and 2.89 ± 0.92 mmol/L 
for triglycerides and total, HDL, and LDL cholesterol, respectively. 
The overall prevalence of dyslipidemia was 18.9%, 13.5%, 16.6%, 
and 37.7% for hypertriglyceridemia, hypercholesterolemia (total or 

TA B L E  1  Characteristics of patients with hypertension, diabetes mellitus, or both

Variable
Overall 
(n = 2423)

Hypertension 
alone (n = 860)

Diabetes mellitus 
alone (n = 473)

Both hypertension and 
diabetes mellitus (n = 1090)

P value 
(ANOVA)

Men, % (n) 47.1 (1140) 46.2 (397) 54.1 (256) 44.7 (487) .002

Age, years 58.4 ± 11.6 57.5 ± 11.8 53.3 ± 11.8 61.2 ± 10.4 <.0001

Body mass index, kg/m2 25.3 ± 3.4 25.1 ± 3.2 24.4 ± 3.1 25.8 ± 3.5 <.0001

Current smoking, % (n) 17.3 (419) 16.5 (142) 23.9 (113) 15.1 (164) <.0001

Alcohol intake, % (n) 16.6 (403) 17.9 (154) 20.1 (95) 14.1 (154) .007

Systolic blood pressure, mmHg 137.1 ± 17.6 140.6 ± 16.7 121.7 ± 10.4 140.9 ± 17.1 <.0001

Diastolic blood pressure, mmHg 80.2 ± 11.5 83.7 ± 12.1 74.2 ± 7.8 80.2 ± 11.3 <.0001

Heart rate, beats/min 73.6 ± 12.9 72.4 ± 12.8 74.7 ± 12.5 74.1 ± 13.2 .0005

Plasma fasting glucose, mmol/L 6.2 (5.4- 7.9) 5.3 (5.0- 5.8) 7.6 (6.3- 9.8) 7.2 (6.1- 8.8) <.0001

Plasma glycosylated hemoglobin A1c, % 6.3 (5.8- 7.5) 5.7 (5.5- 6.1) 7.0 (6.3- 8.3) 6.9 (6.2- 8.0) <.0001

Use of statins, % (n) 20.2 (489) 19.2 (165) 10.6 (50) 25.1 (274) <.0001

Use of other lipid- lowering agents, % (n) 3.0 (72) 2.0 (17) 5.7 (27) 2.6 (28) .0004

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

TA B L E  2  Lipid profile according to the treatment status of hypertension and diabetes mellitus

Variable

Hypertension Diabetes mellitus

Treated 
(n = 1647)

Untreated 
(n = 303) P value Treated (n = 1325)

Untreated 
(n = 238) P value

Serum triglycerides, mmol/L

Median (interquartile range) 1.42 (1.01- 2.03) 1.35 (0.93- 1.99) .20 1.37 (0.93- 2.02) 1.52 (1.04- 2.36) .004

≥2.3 mmol/L, % (n) 19.1 (315) 18.5 (56) .79 18.7 (248) 26.9 (64) .004

Serum HDL cholesterol, mmol/L

Mean ±SD 1.29 ± 0.35 1.37 ± 0.41 .0005 1.30 ± 0.38 1.29 ± 0.32 .81

<1.0 mmol/L, % (n) 17.8 (293) 10.9 (33) .003 18.4 (244) 13.5 (32) .06

Serum cholesterol, mmol/L

Total, Mean ±SD 4.79 ± 1.08 5.04 ± 1.13 .0004 4.82 ± 1.18 5.06 ± 1.04 <.0001

LDL, Mean ±SD 2.86 ± 0.91 3.06 ± 0.95 .0006 2.85 ± 0.93 3.04 ± 0.93 .0005

Hypercholesterolemia 
(≥6.2 mmol/L [total] or 
≥4.1 mmol/L [LDL]), % (n)

12.6 (207) 17.2 (52) .03 12.5 (165) 16.8 (40) .07

Any dyslipidemia, % (n)

Any above lipid abnormality, % (n) 38.6 (636) 35.0 (106) .23 37.7 (499) 42.0 (100) .20

Use of lipid- lowering agents, % (n) 28.0 (461) 7.6 (23) <.0001 26.2 (347) 13.5 (32) <.0001

Note: Values are arithmetic mean ±standard deviation, median (interquartile range) or percentage of subjects (number), unless otherwise indicated.
Abbreviations: HDL indicates high- density lipoprotein; LDL, low- density lipoprotein.
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LDL cholesterol), low HDL cholesterol, and any of the three lipid dis-
orders, respectively.

3.2  |  Prevalence of dyslipidemia according to 
antihypertensive and antidiabetic treatments

Table 2 shows the lipid characteristics of patients according to the 
treatment status of hypertension and diabetes mellitus. Treated, 
compared with untreated, patients with hypertension had similar 
serum triglycerides (P =.20) but a significantly lower concentration 
of serum total, LDL, and HDL cholesterol (P ≤.0006), and accord-
ingly had a similar prevalence of hypertriglyceridemia (P =.79) but 
a significantly lower prevalence of hypercholesterolemia (P =.03) 
and higher prevalence of low HDL cholesterol (P =.003). Treated, 
compared with untreated, patients with diabetes mellitus had simi-
lar serum HDL cholesterol (P =.81), but a significantly lower serum 
triglycerides and total and LDL cholesterol (P ≤.004), and had a lower 
prevalence of hypertriglyceridemia (P =.004). The use of statins and 
any other lipid- lowering agents was significantly (P <.0001) higher 
in patients on antihypertensive (21.5% and 2.0%, respectively), an-
tidiabetic (12.0% and 4.8%, respectively), or both treatments (29.9% 
and 3.4%, respectively) than untreated patients (1.92% and 0.48%, 
respectively; Figure 1).

3.3  |  Adjusted analyses on the association 
between dyslipidemia and antihypertensive and 
antidiabetic treatments

After adjustment for age, sex, body mass index, current smoking, 
and alcohol intake, the results were confirmatory (Table 3). The ad-
justed odds ratios for treated versus untreated hypertension were 
1.56 (95% confidence interval [CI] 1.19- 2.03, P =.001) for low HDL 
cholesterol, 0.76 (95% CI 0.58- 0.997, P =.048) for hypercholester-
olemia, 1.23 (95% CI 1.01- 1.50, P =.04) for any dyslipidemia, 3.04 
(95% CI 2.28- 4.04, P <.0001) for the use of statins, and 2.53 (95% 
CI 1.96- 3.26, P <.0001) for the use of any lipid- lowering agents. 
The adjusted odds ratios for treated versus untreated diabetes 
mellitus were 1.50 (95% CI 1.18- 1.89, P =.0008) for low HDL cho-
lesterol, 1.58 (95% CI 1.27- 1.96, P <.0001) for the use of statins and 
1.72 (95% CI 1.40- 2.12, P <.0001) for the use of any lipid- lowering 
agents.

Further adjusted analyses on the use of various antihyper-
tensive and antidiabetic agents showed significant associations 
for low HDL cholesterol (P ≤.001) but not the other dyslipidemia 
(P ≥.57). Indeed, the prevalence of low HDL cholesterol was 
higher in users of angiotensin- converting enzyme inhibitors/
angiotensin receptor blockers, diuretics/β- blockers, or insulin 
than their non- user counterparts (P ≤.02). The corresponding 
adjusted odds ratios (95% CI) were 1.32 (1.04- 1.68, P =.02), 1.43 
(1.09- 1.87, P =.01), and 1.55 (1.18- 2.02, P = 0. 002), respectively 
(Figure 2).

4  |  DISCUSSION

A major finding of the present study was that the prevalence of 
dyslipidemia and the use of statins and other lipid- lowering agents 
differed between treated and untreated hypertension and diabetes 
mellitus in favor of treatment, in spite of some compromise in serum 
HDL cholesterol with the use of several classes of antihypertensive 
or antidiabetic medications.

F I G U R E  1  Percentage of patients on statins (a) or other lipid- 
lowering agents (b) according to treatments. Percentage is given 
for each category at the top of the bar. P values are given for the 
comparisons between patients on antihypertensive or antidiabetic 
treatment and those without any treatment, and between patients 
on both antihypertensive and antidiabetic treatments and those 
with one or no treatment
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The observation on the positive and negative effects of treating 
hypertension and diabetes mellitus on serum lipids is noteworthy. 
There is some evidence on the positive effect.10,11 A possible rea-
son for the positive effect is the associated use of statins and other 
lipid- lowering agents, as observed in the present study. Some antihy-
pertensive or antidiabetic agents, such as α1- blockers and thiazolidine-
diones, have beneficial metabolic effects.12- 14 However, these drugs 
are rarely used in the current routine management of hypertension or 
diabetes mellitus. There is also some evidence on the negative effect 
of antihypertensive and antidiabetic agents on serum lipids.15 Indeed, 
both thiazide diuretics and β- blockers, especially in combination and 
long- term use, do have adverse metabolic effects.16,17

The observed adverse metabolic profile associated with the use 
of angiotensin- converting enzyme inhibitors/angiotensin receptor 
blockers can probably be explained by indication bias. These two 
classes of drugs have been found to have beneficial metabolic ef-
fects.18,19 Current hypertension guidelines recommend the use of 
these drugs in patients with diabetes mellitus or the metabolic syn-
drome.20- 22 The same indication bias mechanism may also apply for 

the adverse metabolic profile associated with the use of insulin, be-
cause some of the previous studies did show beneficial metabolic ef-
fects of insulin on lipid profile, characterized of lower total and LDL 
cholesterol, lower triglycerides, and higher HDL cholesterol.23,24

The study results had to be interpreted within the context of sev-
eral limitations. First, the study had a cross- sectional design and hence 
does not allow any causal inference. Second, our study had a relatively 
small sample size with few measurements of biological markers. Third, 
the information on the dose and duration of antihypertensive or antidi-
abetic drugs was not collected. It was not possible to do any quantita-
tive estimation on the studied associations with the use of these drugs.

5  |  CONCLUSIONS

In conclusion, the prevalence of dyslipidemia differed between 
treated and untreated hypertension and diabetes mellitus in favor of 
treatment, in spite of some compromise in HDL cholesterol with the 
use of some antihypertensive or antidiabetic medications. The study 

Dyslipidemia

Treated vs. untreated 
hypertension

Treated vs. untreated 
diabetes mellitus

Odds ratio (95% 
CI)a  P value

Odds ratio (95% 
CI)a  P value

Hypertriglyceridemia 1.20 (0.94- 1.54) .14 1.07 (0.86- 1.33) .57

Low serum HDL cholesterol 1.56 (1.19- 2.03) .001 1.50 (1.18- 1.89) .0008

Total or LDL hypercholesterolemia 0.76 
(0.58- 0.997)

.048 0.79 (0.62- 1.02) .07

Any above lipid abnormality 1.23 (1.01- 1.50) .04 1.08 (0.91- 1.29) .40

Use of lipid- lowering agents 2.53 (1.96- 3.26) <.0001 1.72 (1.40- 2.12) <.0001

Abbreviations: HDL, indicates high- density lipoprotein; LDL, low- density lipoprotein.
aAdjusted for sex, age, body mass index, current smoking and alcohol intake. CI indicates 
confidence interval.

TA B L E  3  Dyslipidemia in relation to 
antihypertensive or antidiabetic treatment

F I G U R E  2  Prevalence of low high- 
density lipoprotein (HDL) cholesterol 
by antihypertensive and antidiabetic 
treatments in all patients. The number and 
percentage of patients are given for all 
categories along the symbols. Odds ratios 
(OR, 95% confidence interval [CI]) were 
adjusted for age, sex, body mass index, 
current smoking and alcohol intake and 
are given above the bar for the significant 
ones. ACEI, angiotensin- converting 
enzyme inhibitors; ARB, angiotensin 
receptor blockers; CCB, calcium- channel 
blockers
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provides further evidence on the association of the currently recom-
mended antihypertensive and antidiabetic medications with dyslipi-
demia. Future research should address management and prevention 
of dyslipidemia in treated and untreated patients with hypertension 
and diabetes mellitus.
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