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Abstract
The associations of different lipidmeasures and related indices with incident hypertension during amedian follow-up of 12·89 years were exam-
ined. Fasting levels of total cholesterol (TC), TAG, HDL-cholesterol and LDL-cholesterol, and related indices (TC/HDL-cholesterol and TAG/
HDL-cholesterol) were determined in 7335 Iranian adults (men= 3270) free of hypertension, aged 39·0 (SD 13·2) years. Multivariate Cox propor-
tional hazard regressionwas applied and lipid parameters were considered either as categorical or continuous variables. During follow-up, 2413
(men= 1126) participants experienced hypertension. Using the first quartile as reference, significant trends were found between quartiles of
TAG, HDL-cholesterol, TC/HDL-cholesterol and TAG/HDL-cholesterol in multivariate models; moreover considering these measures as
continuous variables, a 1 SD increase in each of these parameters was significantly associated with the risk of incident hypertension; the corre-
sponding hazard ratios and CI were 1·06 (95 % CI 1·02, 1·10), 0·94 (95 % CI 0·89, 0·98), 1·04 (95 % CI 1·01, 1·09) and 1·04 (95 % CI 1·01, 1·07),
respectively. The associations between lipid measures and incident hypertension did not change after excluding lipid lowering drug users and
those with type 2 diabetes mellitus and these associations were independent of the categories of baseline blood pressure (P for interaction
> 0·08). These findings indicate that TAG, TAG/HDL-cholesterol and TC/HDL-cholesterol were independently associatedwith higher risk, while
HDL-cholesterol was associated with lower risk of incident hypertension.
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The burden of hypertension in addition to its prevalence is
increasing globally, particularly in low- and middle-income
countries(1). According to the Non-communicable Diseases
Risk Factor Collaboration, the prevalence of hypertension in
the Middle East and North Africa was higher than the rest of
the world between 1975 and 2015 due to unfavourable trends
in Na intake, obesity and low physical activity. Moreover, hyper-
tension is an important leading cause for morbidity andmortality
in this region(2). A recent meta-analysis including 417 392 Iranian
adults reported the overall prevalence of prehypertension and
hypertension as 31·6 and 20·4 %, respectively(3). Studies also

showed that about 6 and 3 % new cases of prehypertension
and hypertension develop each year among Tehranian
adults(4,5).

Although a favourable trend was observed during recent
years, the prevalence of lipid abnormalities among Iranian popu-
lation is still high(6,7). A recent report from a national survey
among 21 293 adults from thirty provinces of Iran showed that
80 % of subjects had at least one lipid abnormality and the most
common one was low HDL-cholesterol levels. Furthermore,
most of the population did not have the desirable levels of
HDL-cholesterol, non-HDL-cholesterol and LDL-cholesterol(6).

* Corresponding author: Maryam Tohidi, email tohidi@endocrine.ac.ir
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The association between dyslipidaemia and vascular dysfunc-
tion was reported as early as 1997(8). High levels of total choles-
terol (TC), TAG and low HDL-cholesterol may damage the
endothelium and impair nitric oxide production, release and
activity leading to structural changes in arteries following the
atherosclerosis process(9). Clinically, the role of lipid abnormalities
in hypertension models was addressed in an updated systematic
review by Sun et al. Accordingly, different lipid measures
including TC, TAG, HDL-cholesterol, TC/HDL-cholesterol, apoB
and lipoprotein (a) were reported as independent predictors for
hypertension development in cohorts conducted among the
USA, Europe, China and the Middle East population(10).

Previously, during about 6-year follow-up, using logistic
regression analysis only among Tehranian women, we found
significant association of TAG, TC/HDL-cholesterol and TAG/
HDL-cholesterol with incident hypertension(11). In the present
study, we extend our previous work by examining the associa-
tions between different lipid measures and related indices with
incident hypertension, using survival analysis, among the whole
population of the oldest cohort of Middle East and North Africa
region named the Tehran Lipid and Glucose Study (TLGS)
during more than 12-year follow-up.

Methods

Study design and population

The TLGS is a population-based ongoing cohort conducted
on a representative sample of the Tehranian population for

determining the prevalence and incidence of non-communi-
cable diseases. Detailed explanations and design of the TLGS
have been published elsewhere(12). Briefly, participants
recruited in two phases, that is, the first (1999–2001, n 15 005)
and the second (2002–2005, n 3555) phases and data collection
has been continued at approximately 3-year intervals on the
follow-up phases. From the second phase, lifestyle intervention
only through community education was applied for nearly
one-third of the participants.

Of the 18 555 participants who enrolled in the first
(1999–2001) and second phases (2002–2005) of the TLGS, we
excluded people aged< 20 years (n 5747) and those with preva-
lent hypertension (n 2660). Finally, after exclusion of those who
had missing data including data of BMI (n 190), waist circumfer-
ence (WC, n 33), systolic and diastolic blood pressures (SBP
and DBP, respectively, n 311), TAG (n 247), TC (n 1),
HDL-cholesterol (n 13), smoking (n 29), physical activity
(n 445), family history of premature CVD (n 4), type 2 diabetes
mellitus (T2DM, n 4) and those without follow-up after baseline
recruitment (n 1536), 7335 participants were remained for data
analysis; response rate ≈ 72·3 % (Fig. 1).

Dietary assessment

Since we did not have precise dietary assessment at the baseline,
we used the dietary variables from phase III of TLGS
(2005–2008). The regular dietary intakes of participants over
the previous year were collected using a validated and reliable
FFQ(13–15).

Fig. 1. Flowchart of the study population.
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We also considered the nutritional data of the participants
from phases IV (2008–2011), V (2012–2015) and VI
(2016–2018) for dietary exposures because long-term diet is
more important than the baseline measures. Carried forward
method was used to impute the missing dietary intake values
during follow-up(16). We used the alternative approach that
providing more weight to the recent diet, with reducing within
subject variation. This approach was applied according to the
Hu et al. formula(16).

Out of 7335 participants, 1752 had nutritional data at
baseline and during follow-up. Of these, forty-seven participants
were excluded because of daily energy intake< 2092 and 17573
kJ/d (< 500 and > 4200 kcal/d). The final analysis among partic-
ipants with nutritional data was conducted on 1705 participants.

Informed written consent was obtained from all participants,
and the research protocol of this study was approved by the
ethics committee of the Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences,
Tehran, Iran.

Clinical, anthropometric and laboratory measurements

A pretested questionnaire for collecting demographic data,
education¸ medications, smoking behaviour and family history
of premature CVD was completed by a trained interviewer.
Height in a standing position without shoes and with shoulders
in normal alignment was measured using a tape metre. Weight
was measured with minimally cloths and without shoes, using
digital electronic weighing scale (Seca 707, Seca Corp; range
0·1–150 kg) and recorded to the nearest 0·1 kg. BMI was
calculated as weight in kg divided by square of height in metres.
WC was measured at the level of umbilicus.

To determine blood pressure (BP), two separate measure-
ments were performed on the right arm in a sitting position after
at least 15 min of rest using a standardised mercury sphygmoma-
nometer (calibrated by Iranian Institute of Standards and
Industrial Researches) and the mean of two measurements
was considered as the individual’s BP.

After 12–14 h overnight fasting, a venous blood sample was
collected from each participant between 07.00 and 09.00 hours
and centrifuged within 30–45 min of collection. A standard oral
glucose tolerance test was also performed for all non-diabetic
subjects. Fasting plasma glucose was measured by an enzymatic
colorimetric assay using the glucose oxidase method with both
intra- and inter-assay coefficients of variation< 2·3 %. Serum TC,
TAG, and HDL-cholesterol were measured using the enzymatic
colorimetric methods using cholesteryl ester hydrolase and
cholesterol oxidase for TC assay and lipoprotein lipase and glyc-
erol phosphate oxidase for TAG assay. For measurement of
HDL-cholesterol, precipitation of the apoB containing lipopro-
teins with phosphotungistic acid was firstly done. Both intra-
assay and inter-assay coefficients of variation were below
2·1 and 3·0 %, respectively, for all lipid parameters. All
biochemical measurements were performed at the TLGS
research laboratory on the same day of blood collection using
commercial kits (Pars Azmoon Inc) and a Selectra 2 chemistry
auto-analyser (Vital Scientific). The quality of assays was
monitored using assayed serum controls in two different

concentrations (TruLab N and TruLab P; Pars Azmoon
Inc.). Non-HDL-cholesterol was calculated by subtracting
HDL-cholesterol from TC; TC/HDL-cholesterol and TAG/
HDL-cholesterol were calculated by dividing TC and TAG to
HDL-cholesterol, respectively. LDL-cholesterol was determined
using the modified Friedewald formula to include those with
TAG concentrations more than 4·52 mmol/l(17).

In the first phase of the TLGS, physical activity level was
assessed by the Lipid Research Clinic questionnaire, while
considering the lack of precision of the Lipid Research
Clinic(18), the Modifiable Activity Questionnaire, which
measured all three types of activity (leisure time, job and house-
hold activities) in the past year, was used in the second phase
and the rest of the follow-up examinations(19).

Definitions

Family history of premature CVD was assessed by asking partic-
ipants whether their female or male first-degree relatives, aged≤
65 or≤ 55 years, respectively, had experienced CVD. Daily or
occasionally cigarette smoking was considered as current
smoking habit.

Low physically active subjects were defined as who have
physical activity less than 3 d per week or do not attained a
minimum of at least 600 metabolic equivalent task (MET)-
minutes per week at first or second phase of TLGS, respectively.

T2DM was defined based on at least one of the following
criteria: fasting plasma glucose≥ 7 mmol/l, 2-h post-challenge
glucose≥ 11·1 mmol/l or using anti-diabetic drugs.
Hypertension at baseline and during follow-up examinations
was defined as SBP≥ 140 mmHg, DBP≥ 90 mmHg or using
anti-hypertensive medications.

Statistical analyses

Continuous and categorical variables were reported as means and
SD or median (interquartile range (IQR)) and frequencies (%) as
appropriate. Comparison of the baseline characteristics of respon-
dents (thosewith complete data at baselinewho entered the study)
and non-respondents (those with missing data at baseline or
without follow-up after baseline recruitment) was done using
the Student’s t test for normal distributed continuous variables,
the χ2 test for categorical variables and theMann–WhitneyU statistic
for skewed and ordered variables. Continuous and categorical vari-
ables for respondents were compared according to quartiles of TC
levels using one-way ANOVA and χ2 test, respectively.

Cox proportional hazard regression was used to examine the
association between quartiles of different lipid measures and
related indices (the first quartile as reference) as well as a 1 SD

increase in each lipid parameter with incident hypertension in 2
models as: model 1 adjusted for age and sex and model 2 further
adjusted for BMI, WC, smoking, physical activity, family history of
premature CVD, T2DM, being in educational intervention group,
lipid-loweringmedication and SBP, the potential confounding vari-
ables for hypertension development according to literature
review(5,10). Interactions between lipid measures and related
indices with sex were examined using likelihood ratio test in multi-
variate analysis. Sincewe did not find any interaction (allP values>
0·05), the analysis was performed in the whole population.

1702 A. Hadaegh et al.

https://doi.org/10.1017/S0007114521004657  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521004657


To examine the role of baseline BP on the association
between lipid measures and related indices with incident
hypertension, we also stratified our baseline population
according to being normotensive (i.e. SBP< 120 mmHg and
DBP< 80 mmHg) or prehypertensive (i.e. 120< SBP
< 140 mmHg and 80<DBP< 90 mmHg) as defined by Joint
National Committee 7(20). Accordingly, we examined the interac-
tion between being in normotensive and prehypertensive
groups with lipid measures using likelihood ratio test, in multi-
variate analysis. We ran two sensitivity analyses. Firstly, all of
the mentioned analyses were repeated after exclusion of
subjects with T2DM at baseline (n 379) and those who are on
lipid-lowering medication (n 99). Secondly, among participants
with dietary variables, we ran another Cox proportional hazard
analysis adjusting for main dietary variables for hypertension
(energy intake, carbohydrate (% of energy), dietary fat (% of
energy), dietary fibre, cholesterol, Na and K) to examine the
association between lipid measures as categorical and
continuous variable with incident hypertension. We performed
statistical analyses using SPSS for windows version 20 and
STATA version 14. A P-value < 0·05 was considered to indicate
statistical significance.

Results

Basal characteristics of the study population

Overall, data of 7335 (men= 3270) individuals with a mean
age of 39·0 (SD 13·2) years were included in the analyses.

In comparison between respondent and non-respondent
subjects, respondent ones are older and have more frequencies
of being smoker and T2DM; they also have higher BMI,WC, SBP,
and DBP and higher serum levels of TAG, LDL-cholesterol, non-
HDLC, TC/HDL-cholesterol and TAG/HDL-cholesterol (Table 1).

Table 2 shows comparison of baseline characteristics of the
study population by quartiles of TC. Generally, subjects in the
fourth quartile of TC compared with lower quartiles were older,
more generally and centrally obese, less physically active and
more likely to have T2DM. They also have more family history
of premature CVD and history of lipid-lowering medication.
Furthermore, SBP, DBP, fasting plasma glucose and all lipid
measures including TAG, HDL-cholesterol, LDL-cholesterol
and non-HDL-cholesterol as well as TC/HDL-cholesterol and
TAG/HDL-cholesterol were higher in the fourth quartile.

Among a subpopulation with dietary data, intake of dietary
variables by quartiles of TC is shown in online Supplementary
Table S1. Compared with participants at the lowest quartile of
TC, generally those at the highest quartile consumed less dietary
fat, SFA, MUFA, fibre, K, fruit and vegetables and consumed
more meat and cholesterol.

Incidence rate of hypertension

During amedian follow-up of 12·89 years (IQR: 7·85–15·93) after
the baseline examination, 2413 participants experienced hyper-
tension, including 1126 men and 1287 women; corresponding
incidence rates per 1000 person-years were 30·3 (95 % CI
28·6, 32·1) and 26·5 (95 % CI 25·1, 28·0), respectively.

Table 1. Comparison of baseline characteristics between the respondent v. non-respondent participants
(Number and percentages; mean values and standard deviations; median values and 95 % confidence intervals)

Respondents (n 7335) Non-respondents (n 2813)

Difference 95 % CIVariables Mean SD Mean SD

Age (year) 39·01 13·2 38·03 14·4 0·98 0·37, 1·59
Sex (men) 0·01 –0·003, 0·03
n 3270 1045
% 44·6 41·8

BMI (kg/m2) 26·16 4·47 25·89 4·74 0·26 0·05, 0·47
WC (cm) 86·34 11·8 85·93 12·2 0·41 0·14, 0·97
SBP (mmHg) 112·3 11·5 111·2 11·8 1·16 0·63, 1·68
DBP (mmHg) 74·0 8·14 73·2 8·44 0·84 0·47, 1·22
FPG (mmol/l) 5·21 1·46 5·21 1·55 –0·001 –0·07, 0·06
TC (mmol/l) 5·18 1·14 5/04 1·14 –0·13 –0·18, –0·07
TAG (mmol/l)
Median 1·79 1·73 0·031 0·001, 0·12
Interquartile range 1·26 1·29

HDL-cholesterol (mmol/l) 1·08 0·28 1·09 0·29 0·06 –0·02, 0·01
LDL-cholesterol (mmol/l) 3·29 0·95 3·19 0·96 0·10 0·05, 0·15
Non-HDL-cholesterol (mmol/l) 4·09 1·15 3·95 1·14 0·15 0·07, 2·10
TC/HDL-cholesterol 5·09 1·74 4·93 1·66 0·15 0·07, 0·23
TAG/HDL-cholesterol
Median 4·37 4·13 0·23 0·03, 0·44
Interquartile range 4·51 3·95

n % n %
Current smoker 1246 17 534 21·3 –0·04 –0·07, –0·02
Low physical activity 5171 70·5 1404 56·1 0·001 –0·01, 0·14
FH-CVD 1088 14·8 379 15·1 –0·004 –0·02, 0·02
T2DM 379 5·2 147 5·9 –0·04 –0·08, –0·05
Lipid-lowering medication 138 1·9 52 2·1 –0·01 –0·08, 0·04

WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol; FH-CVD, family history of premature CVD;
T2DM, type 2 diabetes mellitus.
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Associations of different lipid measures with incident
hypertension

Results of Cox proportional hazard regression analysis investi-
gating relation between different lipid measures as categorical
or continuous variables with subsequent hypertension are
presented in Table 3. Accordingly, across quartiles of TC,
LDL-cholesterol and non-HDL-cholesterol, compared with the
first quartile as reference, the third and fourth quartiles of the first
two mentioned lipid measure and second, third and fourth quar-
tiles of the last one were associated with higher risk for incident
hypertension only in age- and sex-adjustedmodel (model 1). For
TAG, TC/HDL-cholesterol and TAG/HDL-cholesterol while all
quartiles are associated with significant risk of hypertension in
model 1 (all P values< 0·0001), in model 2 only the third and
fourth quartiles maintained their significant associations.
Regarding HDL-cholesterol, subjects who are in the third and
fourth quartiles of HDL-cholesterol have generally lower risk
for the development of hypertension in multivariate-adjusted
model. Moreover, we found significant trends in the association
between quartiles of TAG, HDL-cholesterol, TC/HDL-
cholesterol and TAG/HDL-cholesterol with incident hyperten-
sion (all P for trends≤ 0·01) in multivariate analyses.
Considering lipid measures as continuous variables, a 1 SD

increase in TAG, TC/HDL-cholesterol and TAG/HDL-cholesterol
increased the risk of incident hypertension in multivariate
models; the corresponding hazard ratios and CI were 1·06
(95 % CI 1·02, 1·10), 1·04 (95 % CI 1·01, 1·09) and 1·04
(95 % CI 1·01, 1·09), respectively. Each 1 SD increase in

HDL-cholesterol decreased the risk of incident hypertension
by 6 % (hazard ratio: 0·94, 95 % CI 0·89, 0·98) in multivariate-
adjusted model.

The association between TAG, TAG/HDL-cholesterol and
HDL-cholesterol, whether as continuous or categorical variables
with incident hypertension, did not change even after adjust-
ment for TC (data not shown).

Sensitivity analyses

In the present study to show the robustness of our results,
we performed four sensitivity analyses. First, we examined the
association between different lipidmeasures and incident hyper-
tension according to the baseline status of BP (i.e. being in
normotensive or prehypertensive groups). Accordingly, only
among normotensive participants we found significant associa-
tion between increasing trends of TAG, HDL-cholesterol and
TAG/HDL-cholesterol with incident hypertension, although no
significant interactions were found between baseline BP status
and these lipid measures (Table 4).

Second, by excluding patients who had T2DM at baseline
(n 379) and those using lipid-lowering drugs (n 99) results
remained essentially unchanged (Table 5).

Third, despite the lack of interaction between sex and each
lipid measure, we performed sex-stratified analysis in order to
compare our findings with other studies. Accordingly, as shown
in Table 6, similar to analysis that performed among the whole
population, among women we found significant associations
between trends of HDL-cholesterol, TAG, TAG/HDL-cholesterol

Table 2. Baseline characteristics of the study population by quartiles of total cholesterol
(Number and percentages; mean values and standard deviations; median values and 95 % confidence intervals)

Quartiles of TC

Variables Total (n 7335) First (n 1844) Second (n 1867) Third (n 1846) Fourth (n 1778) P

Mean SD Mean SD Mean SD Mean SD Mean SD

Age (year) 39·0 13·2 32·2 11·2 36·9 12·3 41·3 12·6 46·0 12·4 <0·0001
Sex (men)
n 3270 817 838 866 749 0·036
% 44·6 44·3 44·9 46·9 42·1

BMI (kg/m2) 26·2 4·47 24·1 4·28 26·0 4·31 26·9 4·26 27·7 4·19 <0·0001
WC (cm) 86·3 11·8 80·7 11·5 85·4 11·5 88·5 11·0 90·9 10·5 <0·0001
SBP (mmHg) 112·3 11·5 108·9 11·0 111·4 11·2 113·3 11·5 115·8 11·2 <0·0001
DBP (mmHg) 74·0 8·1 71·4 8·3 73·7 8·05 75·1 7·95 76·1 7·48 <0·0001
FPG(mmol/l) 5·21 1·46 4·90 0·93 5·10 1·25 5·25 1·40 5·62 1·98 <0·0001
TAG (mmol/l)
Median 1·79 1·18 1·56 1·91 2·53 <0·0001
Interquartile range 1·26 0·67 0·88 1·20 1·67

HDL-cholesterol (mmol/l) 1·08 0·28 1·05 0·27 1·07 0·28 1·09 0·28 1·10 0·28 <0·0001
LDL-cholesterol (mmol/l) 3·27 0·91 2·24 0·39 2·94 0·29 3·50 0·32 4·46 0·67 <0·0001
Non-HDL-cholesterol (mmol/l) 4·09 1·15 2·79 0·47 3·67 0·35 4·37 0·36 5·60 0·83 <0·0001
TC/HDL-cholesterol 5·09 1·74 3·89 1·08 4·73 1·28 5·33 1·42 6·46 1·96 <0·0001
TAG/HDL-cholesterol
Median 4·37 2·97 3·86 4·65 6·06 <0·0001
Interquartile range 4·51 2·46 3·12 4·54 6·37

n % n % n % n % n %
Current smoker 1246 17 307 16·6 317 17 318 17·2 304 17·1 0·971
Low physical activity 5171 70·5 1251 67·8 1306 70 1322 71·6 1292 72·7 0·009
FH-CVD 1088 14·8 238 12·9 248 13·3 290 15·7 312 17·5 <0·0001
T2DM 379 5·2 38 2·1 70 3·7 98 5·3 173 9·7 <0·0001
Lipid-lowering medication 138 1·9 8 0·4 16 0·9 34 1·8 80 4·5 <0·0001

TC, total cholesterol; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; FH-CVD, family history of premature CVD;
T2DM, type 2 diabetes mellitus.
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Table 3. Multivariate-adjusted HR (CI) of lipid measures for incident hypertension among the total population
(Hazard ratios and 95 % confidence intervals)*,†

Lipid measures /models

Quartiles of lipid measures As continuous variables

First

Second Third Fourth 1 SD change

HR CI HR CI HR CI P for trend HR CI

TC (mmol/l) <4·37 4·37–5·08 5·08–5·87 ≥5·87
Number of cases 374 538 689 812 2413
Model 1 1 1·13 0·99, 1·29 1·31 1·15, 1·49 1·40 1·23, 1·60 <0·0001 1·13 1·08, 1·17
Model 2 1 0·95 0·83, 1·09 1·02 0·90, 1·17 1·001 0·87, 1·14 0·66 1·01 0·97, 1·05

HDL-cholesterol (mmol/l) <0·90 0·90–1·04 1·04–1·27 ≥1·27
Number of cases 928 366 716 403
Model 1 1 0·98 0·86, 1·16 0·81 0·73, 0·89 0·76 0·67, 0·86 <0·0001 0·89 0·85, 0·92
Model 2 1 1·04 0·92, 1·17 0·88 0·79, 0·97 0·88 0·78, 1·01 0·01 0·94 0·89, 0·98

LDL-cholesterol (mmol/l) ≤2·54 2·54–3·26 3·26–3·96 ≥3·96
Number of cases 393 538 662 820
Model 1 1 1·15 1·04, 1·31 1·21 1·06, 1·37 1·33 1·17, 1·51 <0·0001 1·10 1·05, 1·14
Model 2 1 0·98 0·85, 1·11 0·98 0·86, 1·11 1·00 0·88, 1·14 0·83 1·01 0·96, 1·05

TAG (mmol/l) ≤1·00 1·00–1·47 147–2·19 ≥2·19
Number of cases 381 489 708 1830
Model 1 1 1·19 1·04, 1·37 1·61 1·42, 1·83 1·93 1·70, 2·18 <0·0001 1·17 1·13− 1·20
Model 2 1 0·96 0·84, 1·10 1·15 1·02, 1·31 1·16 1·02, 1·32 0·002 1·06 1·02, 1·10

TC/HDL-cholesterol ≤3·86 3·86–4·84 4·84–6 ≥6
Number of cases 385 542 703 783
Model 1 1 1·24 1·09, 1·41 1·54 1·36, 1·75 1·61 1·42, 1·83 <0·0001 1·13 1·09, 1·16
Model 2 1 1·09 0·96, 1·25 1·24 1·09, 1·41 1·16 1·02, 1·32 0·01 1·04 1·01, 1·09

TAG/HDL-cholesterol ≤1·97 1·97–3·21 3·21–5·34 ≥5·34
Number of cases 389 524 699 801
Model 1 1 1·28 1·12, 1·45 1·67 1·48, 1·90 1·88 1·66, 2·13 <0·0001 1·08 1·06, 1·11
Model 2 1 1·11 0·97, 1·27 1·25 1·10, 1·42 1·26 1·10, 1·43 <0·0001 1·04 1·01, 1·07

Non-HDL-cholesterol (mmol/l) ≤3·28 3·28–4·01 4·01–4·79 ≥4·79
Number of cases 345 567 675 826
Model 1 1 1·33 1·16, 1·52 1·48 1·29, 1·69 1·60 1·40, 1·83 <0·0001 1·16 1·11, 1·20
Model 2 1 1·05 0·92, 1·21 1·11 0·97, 1·27 1·09 0·95, 1·25 0·19 1·03 0·98, 1·07

HR, hazard ratio; TC, total cholesterol.
* Lipid measures are considered as categorical and continuous variables.
†Model 1: adjusted for age and sex; model 2: multivariate adjusted for age, sex, BMI, waist circumference, smoking, physical activity, family history of prematureCVD, type 2 diabetes
mellitus, being in educational intervention group, lipid-lowering medication and systolic blood pressure.

Table 4. Multivariate-adjusted HR (CI) of lipid measures for incident hypertension stratified by baseline blood pressure status
(Hazard ratios and 95 % confidence intervals)*

Lipid measures

Quartiles of lipid measures

First

Second Third Fourth

P for trendHR CI HR CI HR CI

TC
Normotension (n 202) 1 0·99 0·81, 1·23 1·02 0·82, 1·26 0·93 0·74, 1·16 0·539
Prehypertension (n 213) 1 0·88 0·74, 1·04 0·95 0·81, 1·12 0·98 0·83, 1·16 0·515

P for interaction= 0·234
HDL-cholesterol
Normotension (n 323) 1 0·99 0·80, 1·21 0·82 0·69, 0·98 0·76 0·61, 0·95 0·006
Prehypertension (n 605) 1 1·10 0·94, 1·28 0·97 0·85, 1·10 1·02 0·87, 1·19 0·910

P for interaction= 0·083
LDL-cholesterol
Normotension (n 165) 1 0·97 0·78, 1·19 0·92 0·74, 1·13 0·97 0·78, 1·20 0·521
Prehypertension (n 393) 1 0·97 0·82, 1·15 0·95 0·81, 1·12 0·98 0·83, 115 0·921

P for interaction= 0·651
TAG
Normotension (n 164) 1 1·08 0·87, 1·33 1·20 0·97, 1·48 1·32 1·06, 1·65 0·007
Prehypertension (n 217) 1 0·87 0·73, 1·04 1·03 0·87, 1·22 1·04 0·88, 1·23 0·127

P for interaction= 0·117
TC/HDL-cholesterol
Normotension (n 153) 1 1·03 0·83, 1·28 1·28 1·03, 1·58 1·10 0·87, 1·37 0·190
Prehypertension (n 232) 1 1·10 0·93, 1·30 1·14 0·97, 1·34 1·10 0·94, 1·29 0·308

P for interaction= 0·145
TAG/HDL-cholesterol
Normotension (n 159) 1 1·15 0·93, 1·43 1·30 1·05, 1·61 1·26 1·01, 1·58 0·014
Prehypertension (n 230) 1 1·02 0·86, 1·21 1·13 0·96, 1·33 1·14 0·97, 1·34 0·051

P for interaction= 0·734
Non-HDL-cholesterol
Normotension (n 155) 1 1·06 0·86, 1·32 1·05 0·85, 1·31 1·02 0·81, 1·27 0·961
Prehypertension (n 190) 1 1·01 0·85, 1·21 1·06 0·89, 1·26 1·06 0·89, 1·26 0·385

P for interaction= 0·116

HR, hazard ratio; TC, total cholesterol.
* Multivariate model adjusted for age, sex, BMI, waist circumference, smoking, physical activity, family history of CVD, type 2 diabetes mellitus, being in intervention group,
lipid-lowering medication and systolic blood pressure.
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Table 5. HR (CI) of lipid measures for incident hypertension among the population without T2DM and not on lipid-lowering medication
(Hazard ratios and 95 % confidence intervals)*,†

Lipid measures /models

Quartiles of lipid measures
As continuous

variables

First

Second Third Fourth SD change

HR CI HR CI HR CI P for trend HR CI

TC
Model 1 1 1·14 0·99, 1·32 1·26 1·10, 1·45 1·41 1·23, 1·62 <0·0001 1·12 1·08, 1·17
Model 2 1 0·98 0·85, 1·13 0·95 0·82, 1·09 0·99 0·86, 1·14 0·993 1·00 0·95, 1·05

HDL-cholesterol
Model 1 1 0·89 0·80, 1·00 0·79 0·69, 0·89 0·77 0·68, 0·88 <0·0001 0·89 0·85, 0·93
Model 2 1 0·93 0·83, 1·03 0·89 0·79, 1·01 0·88 0·77, 1·01 0·044 0·94 0·89, 0·98

LDL-cholesterol
Model 1 1 1·16 1·01, 1·34 1·26 1·09, 1·45 1·34 1·15, 1·55 <0·0001 1·10 1·05, 1·15
Model 2 1 0·97 0·84, 1·12 0·96 0·83, 1·11 0·95 0·82, 1·111 0·601 0·99 0·95, 1·05

TAG
Model 1 1 1·20 1·04, 1·39 1·63 1·43, 1·87 1·88 1·65, 2·15 <0·0001 1·19 1·15− 1·24
Model 2 1 1·00 0·87, 1·16 1·15 1·01, 1·32 1·17 1·02, 1·35 0·004 1·06 1·02, 1·11

TC/HDL-cholesterol
Model 1 1 1·26 1·10, 1·45 1·53 1·33, 1·75 1·61 1·421, 1·85 <0·0001 1·14 1·10, 1·19
Model 2 1 1·11 0·97, 1·28 1·21 1·06, 1·39 1·17 1·02, 1·34 0·019 1·04 0·99, 1·09

TAG/HDL-cholesterol
Model 1 1 1·26 1·09, 1·45 1·64 1·44, 1·88 1·85 1·62, 2·11 <0·0001 1·16 1·12, 1·20
Model 2 1 1·11 0·96, 1·27 1·22 1·06, 1·40 1·23 1·07, 1·41 0·001 1·06 1·01, 1·11

Non-HDL-cholesterol
Model 1 1 1·28 1·11, 1·48 1·41 1·23, 1·63 1·56 1·36, 1·80 <0·0001 1·15 1·10, 1·20
Model 2 1 1·01 0·87, 1·16 1·03 0·89, 1·18 1·04 0·90, 1·20 0·506 1·02 0·97, 1·06

HR, hazard ratio; T2DM, type 2 diabetes mellitus; TC, total cholesterol.
* Lipid measures are considered as categorical and continuous variables.
†Model 1: adjusted for age and sex; model 2: multivariate adjusted for age, sex, BMI, waist circumference, smoking, physical activity, family history of premature CVD, intervention
group and systolic blood pressure.

Table 6. HR (CI) of lipid measures for incident hypertension among women
(Hazard ratios and 95 % confidence intervals)*,†

Lipid measures /models

Quartiles of lipid measures
As continuous

variables

First

Second Third Fourth 1 SD change

HR CI HR CI HR CI P for trend HR CI

TC (mmol/l) <4·31 4·37–5·07 5·07–5·90 ≥5·90
Number of cases 175 271 365 476 1287
Model 1 1 1·13 0·93, 1·37 1·34 1·11, 1·62 1·28 1·05, 1·55 <0·0001 1·07 1·01, 1·13
Model 2 1 0·96 0·79, 1·16 1·03 0·85, 1·25 0·91 0·75, 1·11 0·423 0·95 0·90, 1·01

HDL-cholesterol (mmol/l) <0·95 0·95–1·08 1·08–1·37 ≥1·37
Number of cases 360 352 380 195 1287
Model 1 1 0·92 0·79, 1·07 0·74 0·64, 0·86 0·65 0·54, 0·77 <0·0001 0·86 0·81, 0·90
Model 2 1 0·88 0·76, 1·03 0·82 0·71, 0·95 0·75 0·62, 0·89 0·001 0·91 0·86, 0·96

LDL-cholesterol (mmol/l) <2·53 2·53–3·24 3·24–3·93 ≥3·93
Number of cases 158 345 364 420 1287
Model 1 1 1·23 1·02, 1·49 1·25 1·03, 1·52 1·26 1·03, 1·55 0·060 1·06 1·05, 1·06
Model 2 1·06 0·87, 1·28 1·03 0·85, 1·26 0·95 0·78, 1·16 0·973 0·97 0·91, 1·03

TAG (mmol/l) <0·93 0·93–1·34 1·34–1·98 ≥1·98
Number of cases 164 257 351 515 1287
Model 1 1 1·42 1·17, 1·73 1·73 1·43, 2·09 2·42 2·02, 2·90 <0·0001 1·16 1·12, 1·20
Model 2 1 1·13 0·92, 1·38 1·24 1·02, 1·51 1·43 1·18, 1·72 <0·0001 1·03 0·98, 1·08

TC/HDL-cholesterol <3·61 3·61–4·52 4·52–5·56 ≥5·56
Number of cases 167 276 354 490 1287
Model 1 1 1·35 1·12, 1·64 1·68 1·40, 2·02 1·77 1·48, 2·12 <0·0001 1·06 1·05, 1·06
Model 2 1 1·23 1·101, 1·49 1·35 1·13, 1·62 1·30 1·08, 1·56 0·008 1·05 0·99, 1·11

TAG/HDL-cholesterol <1·73 1·73–2·71 2·71–4·46 ≥4·46
Number of cases 239 311 383 354 1287
Model 1 1 1·47 1·21, 1·78 1·75 1·45, 2·11 2·37 1·98, 2·84 <0·0001 1·12 1·08, 1·15
Model 2 1 1·24 1·02, 1·51 1·30 1·08, 1·57 1·51 1·25, 1·82 <0·0001 1·03 0·99, 1·07

Non-HDL-cholesterol (mmol/l) <3·18 3·18–3·93 3·93–4·73 ≥4·73
Number of cases 160 293 348 486 1287
Model 1 1 1·35 1·11, 1·65 1·42 1·17, 1·73 1·53 1·25, 1·86 <0·0001 1·11 1·05, 1·18
Model 2 1 1·07 0·87, 1·30 1·05 0·86, 1·28 1·02 0·83, 1·25 0·916 0·98 0·93, 1·05

HR, hazard ratio; TC, total cholesterol.
* Lipid measures are considered as categorical and continuous variables.
†Model 1: adjusted for age; model 2: multivariate adjusted for age, BMI, waist circumference, smoking, physical activity, family history of premature CVD, type 2 diabetes mellitus,
being in intervention group, lipid-lowering medication and systolic blood pressure.
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and TC/HDL-cholesterol with incident hypertension in multi-
variate analysis. Among men participants, however, only a
1 SD increase in TAG or TAG/HDL-cholesterol was associated
with 8 % significant risk for incident hypertension in multivariate
analyses; however, we did not find significant trends for these
lipid measures as categorical variables (Table 7).

Fourth, since nutritional status could potentially affect the
levels of lipid measures, we prepared an additional analysis
adjusting for specific nutrient including energy intake, carbohy-
drate (% of energy), dietary fat (% of energy), dietary fibre,
cholesterol, Na and K. As shown in Table 8, participants in
the highest v. lowest quartile of HDL-cholesterol, TAG and
TAG/HDL had significant risk of hypertension after adjustment
for dietary cofounding factors (model 3). Moreover, a 1 SD

increase in TAG and TAG/HDL-cholesterol was significantly
associated with the higher risk of incidence hypertension in
the multivariate analysis (1·15 (95 % CI 1·08, 1·24) and 1·03
(95 % CI 1·01, 1·04), respectively) (model 3).

Discussion

During more than a decade follow-up, we demonstrated
that higher levels of TAG, TAG/HDL-cholesterol and

TC/HDL-cholesterol are independently associated with incident
hypertension after adjustment for a large set of covariates
including age, sex, BMI, WC, smoking, physical activity,
family history of premature CVD, T2DM, being in educational
intervention group, lipid-lowering medication and SBP,
while higher level of HDL-cholesterol was associated with
decreased risk. These associations were also noted independent
of the baseline BP status (i.e. being in normotensive or hyperten-
sive groups). Moreover, the same findings are also preserved
among those not on lipid-lowering medications and free of
T2DM at baseline. The significant associations between TAG,
HDL-cholesterol and TAG-HDL-cholesterol and incident hyper-
tension were also shown after adjustment for TC. The relation-
ship between TAG and TAG/HDL-cholesterol and incident
hypertension resisted to adjustment for dietary confounding
factors.

Several cohort studies conducted in the USA, Europe, Asia
and the Middle East and North Africa region supported the asso-
ciation between dyslipidaemia and hypertension. Among
different lipid measures, TAG and HDL-cholesterol showed
themost consistent associations with hypertension development
in predicting models(10). In agreement with our results, cohort
studies from the San Antonio Heart Study(21) in 1996 until the
Vascular Metabolic Clinical Universidad Navarra (VMCUN)

Table 7. HR (CI) of lipid measures for incident hypertension among men
(Hazard ratios and 95 % confidence intervals)*,†

Lipid measures /models

Quartiles of lipid measures
As continuous

variables

First

Second Third Fourth 1 SD change

HR CI HR CI HR CI P for trend HR CI

TC (mmol/l) <4·40 4·40–5·07 5·07–5·82 >5·83
Number of cases 208 258 317 343 1126

Model 1 1 1·08 0·91, 1·31 1·21 1·01, 1·44 1·34 1·12, 1·60 <0·0001 1·12 1·06, 1·19
Model 2 0·95 0·79, 1·14 0·98 0·82, 1·18 1·04 0·87, 1·24 0·480 1·04 0·97, 1·11

HDL-cholesterol (mmol/l) <0·82 0·82–0·95 0·95–1·08 >1·08
Number of cases 386 194 281 265 1126

Model 1 1 0·88 0·74, 1·05 0·85 0·73, 1·00 0·87 0·75, 1·02 0·064 0·95 0·90, 1·02
Model 2 1 0·89 0·75, 1·06 0·94 0·81, 1·10 0·96 0·82, 1·13 0·693 1·00 0·94, 1·06

LDL-cholesterol (mmol/l) <2·66 2·66–3·21 3·21–3·83 >3·83
Number of cases 214 249 317 346 1126

Model 1 1 1·02 0·84, 1·22 1·15 0·96, 1·37 1·23 1·03, 1·46 0·006 1·04 1·03, 1·04
Model 2 1 0·93 0·77, 1·11 0·98 0·81, 1·16 1·02 0·85, 1·21 0·598 1·00 0·94, 1·06

TAG (mmol/l) <1·11 1·11–1·64 1·64–2·46 >2·46
Number of cases 219 257 306 344 1126

Model 1 1 1·15 0·96, 1·38 1·30 1·09, 1·54 1·54 1·30, 1·83 <0·0001 1·15 1·10, 1·21
Model 2 1 0·93 0·78, 1·12 0·97 0·81, 1·16 1·02 0·85, 1·22 0·573 1·08 1·02, 1·13

TC/HDL-cholesterol 4·30 4·30–5·26 5·26–6·47 >6·47
Number of cases 213 266 314 333 1126

Model 1 1 1·13 0·94, 1·36 1·20 1·01, 1·43 1·40 1·18, 1·66 <0·0001 1·09 1·04, 1·15
Model 2 1 1·03 0·85, 1·23 1·02 0·85, 1·21 1·07 0·89, 1·28 0·458 1·10 0·71, 1·69

TAG/HDL-cholesterol <2·46 2·46–4 4–6·43 >6·43
Number of cases 229 265 284 348 1126

Model 1 1 1·09 0·91, 1·30 1·13 0·95, 1·34 1·51 1·28, 1·78 <0·0001 1·14 1·09, 1·19
Model 2 1 1·01 0·84, 1·20 0·88 0·73, 1·05 1·09 0·91, 1·31 0·495 1·08 1·02, 1·13

Non-HDL-cholesterol (mmol/l) <3·39 3·39–4·09 4·09–4·86 >4·86
Number of cases 191 270 329 336 1126

Model 1 1 1·18 0·98, 1·43 1·39 1·16, 1·66 1·44 1·20, 1·73 <0·0001 1·13 1·07, 1·20
Model 2 1 1·00 0·82, 1·21 1·09 0·91, 1·31 1·08 0·89, 1·30 0·256 1·04 0·97, 1·11

HR, hazard ratio; TC, total cholesterol.
* Lipid measures are considered as categorical and continuous variables.
†Model 1: adjusted for age; model 2: multivariate adjusted for age, BMI, waist circumference, smoking, physical activity, family history of premature CVD, type 2 diabetes mellitus,
being in intervention group, lipid-lowering medication and systolic blood pressure.
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cohort(22) in 2016 and recently in 2020 TLGS, researchers found
higher levels of TAGwere associated with developing hyperten-
sion, independent of well-known risk factors including the base-
line level of BP(5).

Our results agree in part with studies showing higher baseline
levels of HDL-cholesterol were independently associated with
lower risk of incident hypertension, in a linear fashion(23–26).
However, among Japanese working-age men, it was shown that
both low and high levels of HDL-cholesterol were associated
with risk of hypertension, that is, a U-shaped association(27).
Hence, as it was suggested by Hwang et al. the lower risk of
HDL-cholesterol for incident hypertension was mainly
attributable to HDL-cholesterol subclass and measuring
HDL-cholesterol subclasses provided additional information
compared with total HDL-cholesterol(23).

Abbasi et al. showed that insulin action, as estimated by the
insulin suppression test, is significantly related to the plasma

TAG/HDL-cholesterol and that themagnitude of the relationship
between this ratio and the estimate of insulin action assessed by
euglycaemic–hyperinsulinaemic clamp was comparable to that
between the clamp and homoeostasis model assessment of
insulin resistance; hence, the authors suggested this lipid ratio
as a surrogate for insulin resistance(28). We previously found
among Tehranian adults, TAG/HDL-cholesterol is a significant
independent predictor for incident hypertension and CHD
during short-term follow-up in women and men, respec-
tively(11,29) and it was also shown that this lipid ratio is a signifi-
cant risk factor for T2DM(30). In the present study, a significant
linear association between TAG/HDL-cholesterol with incident
hypertension was shown. Actually, in terms of the risk as
assessed by hazard ratio, it seems that the association between
TAG/HDL-cholesterol and hypertensionwas stronger compared
with TC/HDL-cholesterol, HDL-cholesterol and TAG levels
alone (the corresponding hazard ratios for the fourth quartile

Table 8. Multivariate-adjusted HR (CI) of lipid measures for incident hypertension among participants with nutritional data
(Hazard ratios and 95 % confidence intervals, n 1705)*,†

Lipid measures /models

Quartiles of lipid measures
As continuous

variables

First

Second Third Fourth 1 SD change

HR CI HR CI HR CI P for trend HR CI

TC (mmol/l) ≤4·32 4·33–4·99 5·00–5·74 ≥5·75
Number of cases 95 115 157 167

Model 1 1 1·04 0·79, 1·37 1·24 0·95, 1·61 1·20 0·92, 1·56 0·284 1·06 0·97, 1·16
Model 2 1 0·90 0·68, 1·19 0·95 0·73, 1·24 0·85 0·65, 1·11 0·662 0·98 0·90, 1·08
Model 3 1 0·91 0·68, 1·20 0·95 0·73, 1·24 0·86 0·66, 1·13 0·723 0·98 0·89, 1·08

HDL-cholesterol (mmol/l) <0·91 0·92–1·09 1·10–1·27 ≥1·28
Number of cases 206 135 108 85

Model 1 1 1·01 0·77, 1·32 1·19 0·92, 1·55 1·04 0·80, 1·35 0·418 0·63 0·45, 0·88
Model 2 1 0·82 0·62, 1·07 0·98 0·76, 1·27 0·75 0·57, 0·77 0·047 0·76 0·55, 1·06
Model 3 1 0·80 0·61, 1·05 0·99 0·76, 1·29 0·75 0·57, 0·98 0·036 0·78 0·56, 1·07

LDL-cholesterol (mmol/l) ≤2·59 2·60–3·14 3·15–3·75 ≥3·76
Number of cases 98 115 161 160

Model 1 1 0·85 0·68, 1·06 0·86 0·68, 1·09 0·72 0·56, 0·94 0·102 0·89 0·85, 0·92
Model 2 1 0·91 0·73, 1·14 1·06 0·83, 1·35 1·00 0·76, 1·30 0·703 0·94 0·86, 1·04
Model 3 1 0·93 0·74, 1·17 1·08 0·85, 1·38 1·02 0·78, 1·34 0·727 0·94 0·85, 1·03

TAG (mmol/l) ≤0·98 0·99–1·41 1·42–2·12 ≥2·13
Number of cases 85 113 148 188

Model 1 1 1·19 1·04, 1·37 1·61 1·42, 1·83 1·93 1·70, 2·18 <0·001 1·22 1·15− 1·29
Model 2 1 1·06 0·80, 1·41 1·20 0·90, 1·58 1·42 1·08, 1·88 0·035 1·16 1·08, 1·24
Model 3 1 1·05 0·79, 1·40 1·20 0·90, 1·58 1·39 1·05, 1·83 0·057 1·15 1·08, 1·24

TC/HDL-cholesterol ≤3·80 3·81–4·71 4·72–5·81 ≥5·82
Number of cases 87 122 150 175

Model 1 1 1·23 0·93, 1·62 1·42 1·08, 1·86 1·55 1·18, 2·03 0·010 1·11 1·03, 1·20
Model 2 1 1·09 0·82, 1·44 1·21 0·82, 1·60 1·17 0·89, 1·55 0·508 1·04 0·95, 1·13
Model 3 1 1·08 0·82, 1·43 1·20 0·91, 1·57 1·14 0·86, 1·51 0·599 1·03 0·94, 1·12

TAG/HDL-cholesterol ≤0·84 0·85–1·32 1·33–2·22 ≥2·23
Number of cases 88 119 139 188

Model 1 1 1·33 1·01, 1·75 1·48 1·13, 1·94 1·96 1·51, 2·55 0·041 1·02 1·02, 1·04
Model 2 1 1·17 0·88, 1·54 1·21 0·92, 1·59 1·47 1·11, 1·93 0·039 1·02 1·01, 1·04
Model 3 1 1·17 0·89, 1·55 1·21 0·92, 1·60 1·45 1·10, 1·91 0·059 1·03 1·01, 1·04

Non-HDL-cholesterol (mmol/l) ≤3·22 3·23–3·94 3·95–4·66 ≥4·67
Number of cases 86 118 158 172

Model 1 1 1·14 0·86, 1·51 1·31 1·00, 1·72 1·32 1·01, 1·73 0·146 1·10 1·01, 1·20
Model 2 1 0·96 0·72, 1·28 1·09 0·82, 1·43 0·97 73, 1·28 0·714 1·01 0·91, 1·11
Model 3 1 0·93 0·70, 1·24 1·07 0·81, 1·41 0·94 0·71, 1·24 0·612 1·00 0·91, 1·10

HR, hazard ratio; TC, total cholesterol.
* Lipid measures are considered as categorical and continuous variables.
†Model 1: adjusted for age and sex; model 2: multivariate adjusted for age, sex, BMI, waist circumference, smoking, physical activity, family history of prematureCVD, type 2 diabetes
mellitus, being in educational intervention group, lipid-lowering medication, and systolic blood pressure; model 3, further adjusted for energy intake, carbohydrate (% of energy),
dietary fat (% of energy), dietary fibre, cholesterol, Na and K.
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compared with the reference were 26, 16, 0·88 and 16 %,
respectively). Recently, in a Chinese cohort study, it was shown
that a 1 unit increase in TAG/HDL-cholesterol was associated
with 3 % increased risk of incident hypertension in multivariate
analysis(31). Likely, in a Spanish cohort during a mean follow-up
of 8·5 years, it was shown only among men there was a signifi-
cant association between top quintiles of TAG and TAG/
HDL-cholesterol with incident hypertension; the values reached
to 98 and 90 % for the last quintiles of these measures, respec-
tively(22). Our study was performed among both sexes, and no
significant interactionswere found between sex and each of lipid
parameter and their related ratios. Despite this, according to our
data analysis (as shown in Tables 6 and 7) in both sexes among
different lipid measures, only TAG and TAG/HDL-cholesterol
generally showedmore associations with incident hypertension.

The pathophysiological mechanism underlying the associa-
tion between dyslipidaemia and hypertension was addressed
in other studies. Briefly dyslipidaemia, particularly TAG-rich
lipoproteins, impairs endothelial function and consequently
disturbs nitric oxide production, leading to increasing in periph-
eral vascular resistance. Moreover, dyslipidaemia decreases
arterial compliance by increasing arterial stiffness. On the other
hand, HDL-cholesterol stimulates nitric oxide production and
has a protective function through antioxidant activity(9,26).
In the present study, the multivariate analyses were adjusted
for important potential confounding factors including both
general and central adiposity measures. However, other
obesity-related residual confounders such as insulin level might
be involved in the pathway between lipid disorders and incident
hypertension(32). Previously, we showed that higher fasting
serum insulin concentrations and homoeostasis model
assessment of insulin resistance were associated with incident
hypertension among women, whereas these associations were
not seen after controlling for obesity measures in men(33).
Moreover, TAG-rich lipoproteins and LDL-cholesterol have
been shown to be toxic for endothelial cells, although
HDL-cholesterol might have a protective role(34). In the present
study, the role of TC, LDL-cholesterol and non-HDL-cholesterol
in hypertension development was not independent of other risk
factors. However, we found a significant independent risk for
TC/HDL-cholesterol, an issue that might be attributable to the
HDL-cholesterol per se. Similar to our findings, in the men partic-
ipants of the Physician Health Study the significant association
between increasing trend of TC/HDL-cholesterol was stronger
than that of TC and HDL-cholesterol alone(25). Actually, we also
found strong associations between TAG, HDL-cholesterol and
TAG/HDL-cholesterol, independent of TC level with incident
hypertension, issues that were poorly addressed in other studies.
Among Japanese-Americans in the presence of LDL-cholesterol,
the protective role of total HDL-cholesterol was disappeared in
the multivariate analysis(23). In a Spanish cohort, it was shown
among women the significant risk of the fifth quintile of
TAG/HDL-cholesterol significantly decreased after further
adjustment for levels LDL-cholesterol, SBP and DBP; however,
the corresponding risk remained significant among men(22).

Strengths of this study include the relatively large sample size
with long duration of follow-up and high quality of data acquired
from the participants including values of all lipid parameters that

were assayed in a single laboratory by a same method and
quality control protocol. Importantly, BP as well as other
confounders was accurately measured using standardised proto-
cols rather than relying on self-reported data. Moreover, this study
conducted among both sexeswhile main studies in this filed were
performed in each sex separately(11,24–27). Finally, extensive
adjustment for potential confounding factors was done.

However, this study has some limitations. First, we did not
measure serum apo, lipoprotein subclasses and TAG content
of lipoproteins. Second, in the present study only single baseline
lipid values were used to assess the associations between lipid
measures and incident hypertension, that is, changes in serum
lipid levels during follow-up time that might be affected by
dietary changes or initiating lipid-lowering medication were
not considered. Third, although several observational studies
have indicated that higher alcohol consumption is considered
as a risk factor for elevated BP(1,35), we did not have data on
alcohol consumption in the TLGS cohort. Finally, this study
was conducted in the metropolitan city of Tehran that precludes
extrapolation of our results to the rural regions.

In conclusion, TAG, TAG/HDL-cholesterol and TC/HDL-
cholesterol were independently associated with increased risk
of incident hypertension, while higher level of HDL-cholesterol
was associated with decreased risk during a long-term follow-up
in the oldest cohort of the Middle East and North Africa region.
These associations were generally stronger among women than
men and were independent of the baseline BP and diabetes
status. Importantly, the significant associations between higher
levels of TAG and TAG/HDL-cholesterol with incident hyperten-
sion were found even after adjustment for dietary confounding
factors. Hence, more attention should be given to detection and
prevention of hypertension among population with these lipid
abnormalities.
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