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Introduction 
 

High cholesterol levels are associated with in-
creased risk of coronary heart disease (CHD) and 
stroke (1). Worldwide, a third of CHD is caused 
by raised cholesterol. Since CHD is one of the 
most common diseases both in the developed and 
developing countries, high total cholesterol (TC) 
is a major cause of disease burden and mortality. 

Generally worldwide, high TC is estimated to 
cause 4.5% of total mortality (2.6 million deaths) 
and 2.0% of total disability adjusted life years 
(DALYS), or 29.7 million DALYS. Therefore, de-
tecting and lowering high level of  TC can be 
helpful in reducing CHD and total mortality (2). 
Understanding the distribution of serum choles-
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Background: High cholesterol levels are associated with increased risk of coronary heart disease and stroke. Under-
standing the distribution of serum cholesterol levels in each country is valuable index for use in public health planning. 
This study aimed to construct nomograms of total cholesterol (TC) levels and establish the cut-points specific to Ira-
nian population. 
Methods: Data on serum TC levels of 19,630 non-institutionalized individuals aged 25-64 years from third national 
survey on non-communicable diseases (SuRFNCD) in 2007 were used to construct cholesterol nomograms. We pro-
posed cutoff values for borderline and high TC levels based on rounded 75th and 90th percentiles in three age groups 
(25-34, 35-44 and 45-64) respectively.  
Results: Average yearly increase of TC for males up to the age of 45 and females up to 64 were 1.15 and 1.03 mg/dl, 
respectively. TC levels were higher in females. In males, cutoff values for "borderline and high" TC levels were 195 
and 220 mg/dl in 25-34, 210 and 240 mg/d in 35-44 and 215 and 245 mg/dl in 45-64 years old individuals. In women, 
these values were 200 and 225 mg/dl in 25-34,215 and 240 mg/dl in 35-44 and 235 and 265 mg/dl in 45-64 years old 
individuals respectively. 
Conclusion: Since TC levels are different in two sexes and change with age, we proposed different cutoffs for sex and 
age group. We think these cutoffs could be used in national public health planning. 
 
Keywords: Total cholesterol, Nomograms, Population, Iran 

 

 

 



Hosseini et al.: Serum Cholesterol Level Nomograms for Iranian … 

Available at:    http://ijph.tums.ac.ir                                                                                                                            165 

terol levels in each country is valuable index for 
use in public health planning. 
In 1985, National Institute of Health (NIH) con-
structed nomorgarms of TC levels for US popula-
tion. On the basis of that nomogram, TC levels 
were divided into three categories so that, choles-
terol below the 75th percentile was defined as the 
desired level, between the 75th and 90th percentile 
was defined as moderate risk and greater than the 
90th percentile was defined as high risk (3). Three 
years later in 1988, The Expert Panel of the US 
National Cholesterol Education Program (NCEP) 
proposed a newer classification for hypercholes-
terolemia which was unrelated to age. In this clas-
sification total cholesterol <200mg/dl was defined 
as desirable, 200-239 mg/dl  as borderline and 
>=240 mg/dl as high (4). According to conse-
quent treatment based classification, Adult Treat-
ment Panel (ATP III), recommended treatment to 
be initiated at levels higher than 240 mg/dl and 
life style modification at levels higher than 200 
mg/dl (5). The aforementioned cut-off values are 
primarily according to the western population. In 
fact, the association of total cholesterol values 
with the adverse consequences such as diabetes, 
coronary artery diseases (CAD), and stroke and 
all-cause mortality depends on age, sex and ethnic-
ity (6-8). Americans because of their life style and 
particularly their diet (9, 10) have higher choles-
terol levels than Iranians.  
This study aimed to construct nomograms of cho-
lesterol levels and establish the cut points for bor-
derline and high serum TC levels specific to Irani-
an population. 
 

Methods 
 

We used data on 19630 non-institutionalized 25-
64 years old Iranian individuals obtained from 
third national survey on non-communicable dis-
eases in 2007 for analysis (11). The study was in 
line with STEPwise approach of the WHO to 
non-communicable disease risk factor surveillance 
(12). The survey was carried out with collabora-
tion of 40 medical schools across the country. 
This study received ethics approval from the Cen-
ter for Disease Control (CDC) of Iran. Prior to 

inclusion, verbal consent was taken from all indi-
viduals. In each 30 provinces of the country, a 
multistage random cluster sampling method, strat-
ified by sex and age group was used to collect the 
data. In each province 50 clusters were taken. 
Each cluster comprised of 20 individuals, 10 men 
and 10 women, living in neighboring households. 
The age of target population was classified into 
five age groups (15–24, 25–34, 35–44, 45–54, and 
55–64 years). Two men and two women were re-
cruited from each age group in each cluster.  First 
subject of a cluster was identified randomly based 
on postal addresses.  
All individuals were visited at their home by 
trained interviewers appointed by collaborating 
medical schools. Data were obtained in three steps. 
In first step data regarding demographic and beha-
viors of individuals (diet, physical activity, tobacco 
use, history of hypertension, and history of di-
abetes) were gathered using a questionnaires based 
on WHO STEPS instrument (core and expanded) 
(11). In step 2 individuals underwent physical 
measurements (e.g. weight, height, waist circumfe-
rence and blood pressure) using the same protocol 
for all of recruited individuals. In step 3 trained 
laboratory technicians took 10 ml of venous blood 
in sitting position after 10 to 12 hours of fasting 
from participant 25 years and older. Blood sam-
ples transferred in cold boxes to a referral labora-
tory center in at most 4 h from sampling sites. 
Several parameters were measured including total 
cholesterol level. Serum total cholesterol was 
measured by enzymatic method (Parsazmun, Ka-
raj, Iran) with the coefficient of variation of 5%. 
In addition, in laboratory sites 10% of the blood 
samples were centrifuged and sera kept frozen at -
20°C and then transferred to the National Refer-
ence Laboratory, a WHO collaborating center in 
Tehran, for double checking. Overall the measure-
ments were found reliable. 
The survey received ethics approval of the Center 
for Disease Control (CDC) of Iran 
 

Statistical Analysis 
Because of the sampling method, Complex Sam-
ple Survey (SVY) analysis was performed using 
Stata statistical software (release 11.0, StataCorp, 
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College Station, TX) (13). The provinces were de-
fined as strata, and in each strata clusters were de-
fined as sampling units.  
Primarily, "weights" for each sex and age groups 
were assigned according to the distribution of sex 
and age groups of the 2006 national census in 
each province. Then, to account for the missing 
data primary weights were divided by the number 
of measurements in the corresponding sex-age 
group category to correct for missing observations.  
 

Construction of the cholesterol level nomo-
grams 
We constructed two separate nomograms of cho-
lesterol levels for men and women. Nomograms 
were constructed by modeling data using fraction-
al polynomial (14). To derive the cholesterol 
nomograms (reference standard curves), first the 
cholesterol measurements were transformed to 
the logarithmic scale in order to obtain approx-
imate normal distributions. Then the variations in 
mean (μ) and standard deviation (SD) of the 
transformed cholesterol measurements were mod-
eled with age using fractional polynomials. First, 
for the appropriate modeling of mean of the 

transformed data )μ( , the powers of age were ob-

tained using Fracpoly procedure. Then age was 
centered to obtain robust estimation of the model 
parameters. To model the mean of the logarithm 
of cholesterol, the powers of centered ages were 
used as covariates in SVY regression module, 
which accounts for the structure and weights of 
the data.  
Second, the absolute residuals were computed for 
the above model and regressed on age using SVY 

module and multiplied by 2/π to estimate the 

age-specific standard deviation (15). Finally, the 
Pth percentiles of the logarithm of cholesterol le-

vels were computed by SDZ p ×+μ  (eg, the 

Zp=1.645 for computing the 95th centile). The 
nomograms derived by back transformation. 
 

Evaluating goodness of fit  
The goodness of fit of the nomograms was as-
sessed by comparing the number of cholesterol 
measurements in regions defined by the seven 

centiles (5th, 10th, 25th, 50th, 75th, 90th, and 95th) with 
expected number of observations for all ages us-
ing a chi-squared test.   
 
Deriving cut points 
We summarized 75th and 90th percentiles of TC in 
three age groups (25-34, 35-44 and 45-64). Then, 
75th and 90th percentiles in each age group were 
rounded to derive cut-points for borderline and 
high levels of TC specific to Iranian population.  
 

Results 
 

Serum total cholesterol levels of 19,630 individu-
als (9,369 men and 10,261 women) aged 25-64 
years from all over the Iran were used for con-
struction of the cholesterol level nomograms.  
Fractional polynomial with degree 2 was applied 
for modeling the mean and standard deviation of 
logarithmic transformation of the total cholesterol 
level of men with age. The powers for age were 
found to be in the form of -1 and 3 for mean and 
of 3 and 3 for standard deviation. Also, mean log-
arithmic transformation of the total cholesterol 
level of women were modeled with age using a 
degree 2 fractional polynomial. The age powers 
were obtained as 3 and 3. Furthermore, a model 
of the form of 2 and 3 were the powers of age 
when the standard deviation of the total choles-
terol of women were modeled. 
Blood samples of 17.4% (4162) of surveyed indi-
viduals were missing. The rate of missed choles-
terol measurements were significantly more in 
men and younger ages and found to vary across 
provinces. The distribution of other non-missing 
available variables including body mass index 
(BMI), duration of exercise, frequency of consum-
ing vegetables, fruit and oil, job related physical 
activity between missing and non-missing individ-
uals in each sex and age groups were found non-
significant (P>0.05; data not shown). In general, 
for overcoming the problem of missingness one 
can use imputation or weighting the data. There-
fore, the following analyses were carried out using 
the weights computed from the national census 
2006 which were divided to the number of indi-
viduals attended in each age-sex category. 
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Table 1: Cholesterol (mg/dl) levels for males (per-
centile: 5 10 25 50 75 90 95) according to age 

 

P95 P90 P75 P50 P25 P10 P5 Age 
(yr) 230 212 186 161 140 121 110 25 

234 215 189 164 142 123 111 26 

237 218 191 166 143 124 112 27 

239 220 193 167 145 126 114 28 

242 223 195 169 146 127 115 29 

244 225 197 171 148 128 116 30 

246 227 199 172 149 129 117 31 

248 229 201 174 150 130 118 32 

250 230 202 175 151 131 119 33 

252 232 203 176 152 132 119 34 

254 233 205 177 153 133 120 35 

255 235 206 178 154 134 121 36 

256 236 207 179 155 134 121 37 

258 237 208 180 156 135 122 38 

259 238 209 181 156 135 122 39 

260 239 210 181 157 136 123 40 

261 240 210 182 157 136 123 41 

262 241 211 183 158 137 124 42 

262 241 212 183 158 137 124 43 

263 242 212 184 159 138 124 44 

264 243 213 184 159 138 124 45 

264 243 213 184 159 138 125 46 

265 244 214 185 160 138 125 47 

265 244 214 185 160 139 125 48 

266 244 214 185 160 139 125 49 

266 245 215 185 160 139 125 50 

266 245 215 186 160 139 125 51 

266 245 215 186 160 139 125 52 

267 245 215 186 161 139 126 53 

267 245 215 186 161 139 126 54 

267 245 215 186 161 139 126 55 

267 245 215 186 161 139 126 56 

267 245 215 186 160 139 125 57 

267 245 215 186 160 139 125 58 

266 245 215 186 160 139 125 59 

266 245 215 185 160 139 125 60 

266 245 214 185 160 139 125 61 

266 244 214 185 160 138 125 62 

265 244 214 185 160 138 125 63 

265 244 214 185 159 138 125 64 

 

Table 1 presents the smoothed 5th, 10th, 25th, 50th, 
75th, 90th, and 95th percentiles of the men serum 
total cholesterol levels for each age.  
As Table 1 shows the cholesterol percentiles of 
men increased gradually by age. The median total 
cholesterol level of men at age of 25 was 161 
mg/dl, which increased steadily to 184 mg/dl at the 
age of 45, and then flatten up to the age of 59 and 
eventually thereafter the TC level decreased around 
1 mg/dl to age 64. The average yearly increase of 
median of TC for men up to the age of 45 was 1.15 
mg/dl. The 90th percentile of the total cholesterol 
level also rose steadily from 212 mg/dl at the age 
of 25 to 240 mg/dl at the age of 41, and then this 
trend slowed down resulting in the 90th percentile 
of 245 mg/dl at the age of 50 which only de-
creased1 mg/dl after that. 
The Chi-squred test showed that the overall differ-
ence between observed and expected numbers of 
male cholesterol measures in eight region defined 
by the seven centiles (5th, 10th, 25th, 50th, 75th, 90th, 

and 95th) was not significant, χ2 =6.63, df=7, 
P=0.47; implying a good fit of the model to data. 
The smoothed percentiles of the female cholesterol 
levels are presented in Table 2. The median choles-
terol level at the age of 25 was 169 mg/dl and in-
creased steadily to 209 mg/dl at the age 64. The 
yearly increase of total cholesterol for females up to 
the age of 64 was 1.03 mg/dl. The 90th percentile 
of the total cholesterol was 221 mg/dl at the age of 
25 and increased steadily to 277 mg/dl at the age of 
64. The average yearly increase of 90th percentile 
was 1.44 mg/dl. The overall fit of smoothed cen-

tiles to the cholesterol levels of females was fine χ) 2 
=11.29, df=7, P=0.13). The comparison of serum 
total cholesterol levels of males and females are 
presented in Figure 1. All percentiles of serum cho-
lesterol levels of females were higher than males. 
The spread of the percentiles was wider for females 
than males. The sex difference between 10th, 50th, 
90th percentiles is 6, 8 and 9 mg/dl at the age of 25, 
respectively. This difference decreased up to the 
age of 33 and after that increased by age and 
reached to 16, 24 and 33 mg/dl for the 10th, 50th 
and 90th percentiles at the age of 64, respectively. 
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Table 2: Cholesterol (mg/dl) levels for females (per-
centiles: 5 10 25 50 75 90 95) according to age 

 

P95 P90 P75 P50 P25 P10 P5 Age 
(yr) 241 221 195 169 147 127 113 25 

242 222 196 170 148 128 113 26 

243 223 197 171 149 128 114 27 

245 225 198 172 149 129 115 28 

246 226 199 173 150 130 115 29 

248 228 200 174 151 131 116 30 

250 229 202 175 152 131 117 31 

251 231 203 176 153 132 117 32 

253 232 204 177 154 133 118 33 

255 234 206 179 155 134 119 34 

256 235 207 180 156 135 120 35 

258 237 209 181 157 136 120 36 

260 239 210 182 158 136 121 37 

262 240 211 183 159 137 122 38 

264 242 213 185 160 138 123 39 

266 244 214 186 161 139 124 40 

268 245 216 187 162 140 124 41 
270 247 217 189 164 141 125 42 

272 249 219 190 165 142 126 43 

274 251 221 191 166 143 127 44 

275 253 222 192 167 144 128 45 

277 254 223 194 168 145 128 46 

279 256 225 195 169 145 129 47 

281 258 226 196 170 146 130 48 

283 259 228 197 171 147 131 49 

285 261 229 199 172 148 131 50 

287 263 231 200 173 149 132 51 

289 264 232 201 174 149 133 52 

290 266 233 202 175 150 133 53 

292 267 235 203 175 151 134 54 

293 269 236 204 176 151 134 55 

295 270 237 205 177 152 135 56 

296 271 238 205 178 153 135 57 

298 272 239 206 178 153 136 58 

299 273 240 207 179 153 136 59 

300 274 240 208 179 154 136 60 

301 275 241 208 180 154 136 61 

302 276 242 208 180 154 137 62 

303 277 242 209 180 154 137 63 

303 277 242 209 180 154 137 64 
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Fig. 1: Comparison of cholesterol nomograms of 
men and women 

 

Table 3 summarizes the 50th, 75th and 90th percen-
tiles of different sex and age groups. 
 

Table 3: The average of 50th, 75th and 90th percentiles 
of cholesterol of men and women according to age 

group 
 

Women Men Age 
(yr) 
groups 

90th 75th 50th 90th 75th 50th 

227.0 200.0 173.7 223.0 195.7 169.4 25-34 
243.0 213.7 185.4 238.2 209.0 180.7 35-44 
266.8 234.0 202.3 244.5 214.4 185.2 45-64 

 

These values were used to derive the cut points 
for borderline and high cholesterol levels specific 
to Iranian population (Panel 1). 
 

Discussion 
 

In this study we constructed cholesterol nomo-
grams for the Iranian population specific for sex 
and age and proposed cut off values for border-
line and high cholesterol levels.  
Most studies on determination of normal choles-
terol values were conducted in the United States. 
Cholesterol levels are considerably different be-
tween countries. Indeed, in recent years some 
countries tried to present normal cholesterol levels 
specific to their population (16, 17).  
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Panel 1. Cut points for total cholesterol levels (mg/dl) specific to Iranian population, by age 
 

Iranian mean cholesterol level is lower than Ameri-
cans (4, 18). The mean total cholesterol level of 
Americans was on average 200 mg/dl in 2006 (18) 
which is considerably higher than 186 mg/dl (de-
rived from current data) in Iranians in 2007. In our 
data in males, the total serum cholesterol level of 
200 mg/dl on average lay on 78th, 66th and 63th per-
centiles for the age groups of 25-29, 30-39 and 40-
64 years, respectively. The cholesterol level of 240 
mg/dl lay on percentiles 94th, 91th, and 88th for the-
se age groups, respectively. In females, the total 
serum cholesterol level of 200 mg/dl on average lay 
on percentiles of 75th, 63th and 49th for the age 
groups of 25-29, 30-39 and 40-64 years. In addition, 
for these age groups, the total serum cholesterol 
level of 240 mg/dl lay on percentiles of 93th, 89th, 
and 72th, respectively. This data shows the differ-
ence of cholesterol levels between Iranian and 
Americans and warrants specific normal cholesterol 
levels for Iranian population.   
This study showed that TC in men and women 
increases with age. This increase is more pro-
nounced up to the age of 45. In men after the age 
of 45, age increase does not change the TC which 
means after the age of 45 the change of TC levels is 
independent of age. Oppositely, in women increase 
in TC levels with age continues after the age of 45 
and remains dependent to age up to 64. Overall, in 
men TC increases with age up to middle-ages but 
in woman this increase continues to older ages. 
Several studies have shown consistent results with 
our study regarding the change of TC levels with 
age in men and women. (16, 17). 

The increase in TC levels with age is partly attri-
buted to impairment in LDL receptors in older ag-
es. LDL receptor is responsible for endocytosis of 
cholesterol rich-LDL. As a consequence of peri-
pheral impairment in uptake of LDL with age, TC 
concentration in blood increases. Another expla-
nation for increase of TC with age is weight gain. 
Weight gain is more pronounced between 25 to 50 
years of age (this is also true in our data, data not 
shown). This may explain why increase in TC levels 
in men is more obvious up to middle-ages. In 
women, lack of estrogen after menopause removes 
its stimulatory effect on production of LDL recep-
tors which lead to the increase in TC levels in 
blood (19-21).   
Since the cholesterol levels seems to be different in 
men and women and changes with age we pro-
posed Iranian cut-points for borderline and high 
cholesterol levels separate for men and women and 
in three different age groups (25-34, 35-44 and 45-
64). We proposed the age and sex related high TC 
values based on 75th and 90th percentiles of Irani-
an population. For ease, we rounded the numbers 
(Panel 1).  
There were missing data in some clusters. Men 
with younger ages were more prone to be missed in 
obtaining blood sample (for measuring cholesterol 
levels). The fact that younger males were more 
commonly missed can be attributed to the coinci-
dence of the blood sampling time with the work-
hour of younger male individuals. However, other 
non-missing available variables were the same be-
tween missing and non-missing individuals in each 
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sex and age groups. Indeed we think the missing 
data in each sex and age groups was in random. To 
compensate for missing data the primary weights 
derived from national census in 2006 were divided 
to the number of individuals attended in each age-
sex category. Our study lacked relating cholesterol 
levels to mortality and CVD rates. Epidemiologic 
studies to evaluate CVD rate and mortality in con-
junction with TC levels are warranted to set more 
accurate cut points for high cholesterol levels in the 
country (16). The laboratory standardization panel 
for cholesterol of NCEP at NIH in the US recom-
mended the inaccuracy of measurements to be less 
than 5%. This was accordingly 5% in our study. Al-
though it has been shown that when evaluating ex-
tremely large numbers of subjects, inaccuracy of 
measurement do not change the distribution of 
cholesterol levels (22). 
 

Conclusion 
 

Total cholesterol level of Iranians is lower than 
Americans. In addition, cholesterol level changes 
with age and is different in men and women. With 
taking it into account, we presented the age and sex 
specific cholesterol nomograms for Iranian popula-
tion and proposed cholesterol borderline and high 
cutoff values for men and women in three age 
group 25-34, 35-44 and 45-64 years. Further epi-
demiologic studies are needed to determine the 
predictive abilities of these suggested cholesterol 
levels for CHD events and mortality. 
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