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In New Zealand, as in other developed 
countries, ischemic heart disease (IHD) 
mortality has declined over the past 40 

years; however, the burden of IHD remains 
high.1,2 In 2011, 5.5% of the NZ population 15 
years and older had been diagnosed with IHD, 
$220 million was spent on hospitalisations 
and 18% of all deaths were attributed to 
IHD.2 The decrease in IHD can be explained 
by several factors, including reductions in 
low-density lipoprotein (LDL) cholesterol 
concentrations, blood pressure and tobacco 
use and, more recently, improvements in 
medical and surgical treatments.3 The pivotal 
role of LDL cholesterol (or total cholesterol, 
which is frequently used as a surrogate in 
epidemiological studies) as a cause of IHD, 
and in its reduction as a likely important 
contributor to the decline in disease rates, is 
derived from ecological data,4-6 prospective 
cohort studies7 and randomised controlled 
trials (RCTs).8,9 The RCTs demonstrate a 
clear dose–response reduction in IHD in 
relation to lower cholesterol, a benefit 
observed regardless of the means by which 
the cholesterol lowering was achieved and 
predictable from cholesterol-associated risk 
observed in the cohort data. 

In the early 1980s, average serum total 
cholesterol concentration of NZ adults was 
6.3 mmol/L,10 among the highest recorded 
in the world,11 and per capita supply of high 
saturated fat foods, including butter and 
high-fat dairy products – key determinants 
of serum cholesterol12 – was also higher than 
in many other countries.13 In a comparison of 
data from two national surveys in NZ between 
1989 and 1997, the population average serum 
cholesterol concentration had decreased 
by 0.3 mmol/L for women, but there was 
no change for men.14 A modest reduction in 
saturated fat intake during this time, by 1.4% 

of energy intake, was also reported.14 However, 
in 1997, both population average serum 
cholesterol and saturated fat intake remained 
above international recommendations.1,15 

The use of statin treatment to lower serum 
cholesterol has increased dramatically in NZ 
since 2002, when prescription criteria were 
relaxed,16 and is likely to have had a profound 
effect on reducing mean concentrations 
of serum cholesterol in older age groups 
with higher prevalence of statin use. The NZ 
Adult Nutrition Survey of 2008/09 included 
measurement of serum total cholesterol and 
provides an opportunity to assess 20-year 
population changes in serum cholesterol 
across three national surveys in 1989, 1997 
and 2008/09. Examination and comparison of 
the changes over time in serum cholesterol in 
the different age groups will help determine 
if secular changes have been limited to older 

age groups, in which statin use is common, 
or have also occurred in younger groups in 
association with changing dietary habits – in 
particular dietary fat intakes.

This study examined and compared the 
changes over time in population average 
serum cholesterol in relation to changes in 
dietary fat intake and, in the most recent 
survey, in relation to statin use in the different 
age groups, in order to derive some indication 
of the relative effects of dietary change 
and drug treatment. The findings have the 
potential to inform public health approaches 
involving nutrition advice that are aimed at 
further reducing cardiovascular risk.

Methods 
Study design and participants
Data for this study came from three distinct, 
cross-sectional, national surveys: the Life in 
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Abstract

Objective: To describe trends in serum cholesterol and dietary fat intakes for New Zealand 
adults between 1989 and 2008/09. 

Methods: Serum total cholesterol concentrations and dietary fat intakes were analysed for 
9,346 New Zealanders aged 15-98 years (52% women) who participated in three national 
surveys in 1989, 1997 and 2008/09. 

Results: Population mean serum cholesterol decreased from 6.15 mmol/L in 1989 to 5.39 
mmol/L in 2008/09. Mean saturated fat intake decreased from 15.9% of energy intake in 1989 
to 13.1% in 2008/09. Between 1997 and 2008/09, unsaturated fat intake increased and fat from 
butter and milk decreased. Older adults had the largest decrease in serum cholesterol (1.35 
mmol/L). 

Conclusions: The decrease in serum cholesterol is substantially larger than reported for many 
other high-income countries, and occurred in parallel with changes in dietary fat intakes and, 
for older adults, increased use of cholesterol-lowering medications.

Implication: Given the demonstrated role of reduced saturated fat intake on lowering serum 
cholesterol, and as population average serum cholesterol levels and saturated fat intakes exceed 
recommended levels, initiatives to further encourage reductions in saturated fat are imperative. 
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New Zealand Survey (LINZ89) conducted 
from June to August 1989; the National 
Nutrition Survey (NNS97) – December 1996 
to November 1997; and the 2008/09 New 
Zealand Adult Nutrition Survey (ANS08/09) 
– October 2008 to October 2009. The 
methods for each survey are published in 
full elsewhere.17-19 Briefly, participants were 
selected were recruited using complex, 
area-based sampling designs. All non-
institutionalised New Zealanders aged 15 
years and older were eligible. Increased 
sampling of Māori occurred for all three 
surveys, of Pacific people for NNS97 and 
ANS08/09, and of younger (15-19 years) 
and older (≥70 years) adults for ANS08/09. 
The response rates were 56% (n=3,363), 
50% (n=4,636) and 61% (n=4,721) for 
LINZ89, NNS97 and ANS08/09, respectively. 
Informed, written consent was obtained 
from all participants or from the guardian of 
participants younger than 18 years. Ethics 
committees throughout NZ approved each 
survey.

Trained interviewers collected survey data 
during face-to-face interviews at local clinics 
for LINZ89 and within participant’s homes 
for NNS97 and ANS08/09. Demographic 
data (age, sex and ethnicity) and cigarette-
smoking history were collected by 
questionnaire. Self-reported ethnicity was 
categorised into one of three groups in 
the following prioritised order: NZ Māori; 
Pacific people; and NZ European and 
Others – where ‘Others’ includes mainly 
Asian, Middle-Eastern, Latin American and 
African ethnicities. Smoking was categorised 
into current smokers and non-smokers 
(including ex-smokers). Height and weight 
measurements were taken by standardised 
methods and body mass index (BMI: kg/m2) 
was calculated. Information on cholesterol-
lowering medication use was collected only 
for ANS08/09. Participants were asked if 
they were currently prescribed cholesterol-
lowering medications; those who answered 
‘yes’ were asked to identify the medication 
from a list of commonly prescribed 
medications. Non-fasting blood samples 
were collected from consenting participants 
at the conclusion of the interview for LINZ89 
(n=3,363) and NNS97 (n=3,369), and at a local 
health clinic within a week of the interview for 
ANS08/09 (n=3,348).

Laboratory methods
Venous blood samples were drawn into 
EDTA-treated vacutainers for the LINZ89 
survey and additive-free vacutainers for 
NNS97 and ANS08/09 and were transported 
on ice for processing. Serum total cholesterol 

analyses used commercially available, 
automated enzymatic methods certified 
by the Cholesterol Reference Method 
Laboratory Network and standardised to 
the Abell-Kendall method. The laboratories 
for all three surveys are members of the 
Royal Australasian College of Pathologists 
Quality Assurance Programme for serum 
cholesterol, and all analyses were conducted 
according to strict standardisation criteria. 
The University of Otago Lipid Laboratory, 
Dunedin, conducted the analyses for LINZ89 
using Boehringer Mannheim standards 
and kits on a Cobas Fara 2 autoanalyser. 
Southern Community Laboratories, Dunedin, 
conducted the analyses for the NNS97 using 
Boehringer Mannheim standards and kits 
on a Hitachi 717 autoanalyser. Canterbury 
Health Laboratories, Christchurch, conducted 
the analyses for ANS08/09 with the Abbott 
ARCHITECT cSystem. The inter-assay 
coefficient of variation for the assays for both 
low and high quality controls were <4% for 
LINZ89 and <3% for NNS97 and ANS08/09. 
Serum total cholesterol measurements were 
available for all LINZ89 participants and 70% 
of NNS97 and ANS08/09 participants. 

Dietary fat intake
Dietary intake data were collected from a 
subsample (n=1,618) of LINZ89 participants 
and from all participants of NNS97 and 
ANS08/09. For LINZ89, a paper-based, 
single-pass, 24-hour diet recall was used; an 
interviewer-administered, computer-based, 
multiple-pass, 24-hour diet recall was used for 
NNS97 and ANS08/09. Foods reported in the 
24-hour recalls were matched to nutrient lines 
using NZ food composition tables available 
at the time of the survey, and mean intakes 
of total fat, individual fatty acids (saturated, 
monounsaturated and polyunsaturated fats) 
and dietary cholesterol were estimated. 

For NNS97 and ANS08/09, mean intakes of 
fat from meat (excluding fish and seafood) 
and from dairy products (butter, cheese, milk 
and other dairy, e.g. yoghurt) were estimated. 
Food sources of dietary fat were not calculated 
for LINZ89 because the food group coding 
system was different to the other surveys. 
Further information on the food group 
coding system for the ANS08/09 and NNS97 
is available elsewhere.17,19 In order to quantify 
fat sourced from meat and dairy sources, the 
following food groups were derived: Butter, 
Cheese, Milk and Meat. Included in these 
groups were: i) food items reported as single 
items; ii) food items reported as additions 
to other food, iii) food items reported within 
a mixed dish for which participants knew 

all ingredients and amounts, and iv) mixed 
dishes for which participants did not know 
ingredients and amounts and meat or dairy 
were the main ingredient (e.g. chicken stir 
fry was allocated to the Meat food group, 
milkshakes to the Milk food group). The Meat 
food group included beef and veal, lamb 
and mutton, poultry, pork, duck, venison, 
sausages, processed meat and lard. The 
contribution of fat from each food group to 
total fat intakes was calculated. 

Statistical analysis
All analyses were conducted using Stata 
(version 12; Stata Corp, College Station, 
TX). Survey weights were used to account 
for the complex design of the surveys and 
to produce estimates representative of the 
population at the time of the survey. Because 
not all participants in NNS97 and ANS08/09 
provided a blood sample and a random 
sample of LINZ89 participants provided 
dietary intake data, survey weights specific 
for either serum cholesterol or dietary intake 
data were used when producing estimates. 
Statistical significance was defined as p<0.05 
and all tests were two sided. 

Sex-specific survey regression models with 
‘study’ entered as an explanatory categorical 
variable were constructed to calculate 
marginal means and 95% confidence intervals 
(CI) for age, BMI, serum total cholesterol 
and dietary fat intakes for each survey, and 
to test for differences between the surveys. 
Age-adjusted mean serum cholesterol 
concentration was calculated at the mean 
age of all participants (43 years) from the 
regression models. Ethnic-specific serum 
cholesterol results were calculated from the 
regression models for each survey; however, 
serum cholesterol results were not calculated 
for Pacific people in LINZ89 because of 
small sample size (n=22). Serum cholesterol 
concentrations are presented by sex and by 
10-year age groups, because the relation 
between serum cholesterol and age differs 
by sex.14 In addition, serum cholesterol and 
dietary fat intakes are presented by two 
age groups – 15-54 years and ≥55 years – to 
correspond with the age at which cholesterol-
lowering medication use became prevalent 
(>5%) in the ANS08/09. Adjustments of mean 
dietary fat intakes for age, ethnicity, BMI or 
total energy intake did not affect the results 
and, for simplicity, only unadjusted values 
are presented. The comparisons of serum 
cholesterol and dietary fat intakes between 
studies, age groups and ethnic groups were 
specified before conducting the analysis. 
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Twenty-year trends in serum cholesterol in NZ

Results
Participants
The characteristics of the NZ population by 
survey and sex from 1989 to 2008/09 are 
shown in Table 1. 

Trends in serum total cholesterol 
concentration 
The age-adjusted mean serum total 
cholesterol concentration for NZ adults 
decreased from 6.15 mmol/L for participants 
of LINZ89 to 5.39 mmol/L for ANS08/09 
(p<0.001). There were no statistically 
significant differences between men and 
women or between the ethnic groups in the 
magnitude of the decrease over the 20 years, 
except a larger decrease for Māori women 
compared with Māori men (p<0.001), see 
Table 2. The largest decrease in average 
serum total cholesterol concentration – by 
1.35 mmol/L – was in adults aged ≥55 
years (p<0.001). Substantial decreases also 
occurred for younger participants, e.g. mean 
serum cholesterol concentration decreased 
by 0.71 mmol/L between LINZ89 and 
ANS08/09 (p<0.001) in adolescents aged 
15-19 years, with no differences between 
males and females. A larger decrease in 

Table 1: Characteristics of the New Zealand population by survey.a

Characteristic LINZ89 (n=2,989) NNS97 (n=4,636) ANS08/09 (n=4,721)
Men [% (95% CI)] 49.2 (47.0-51.4) 48.2 (46.2-50.3) 47.8 (45.7-50.0)
Age, y [mean (95% CI)] 39.9 (38.4-41.4) 41.5 (40.4-42.6) 44.1 (42.9-45.4)b,c

Ethnicity  [% (95% CI)]

 NZEO

 Māori

 Pacific people

92.4 (88.3-95.2)

6.4 (3.8-10.5)

1.2 (0.7-2.1)

84.4 (82.1-86.5)b

  11.6 (9.8-13.7)

       4.0 (3.2-5.1)

84.3 (82.1-86.3)b

  10.9 (9.3-12.8)

       4.8 (3.9-5.9)
Current smoker [% (95% CI)] 21.4  (18.9-24.1) 24.6 (22.1-27.2) 18.9 (16.1-22.1)c

BMI, kg/m2 [mean (95% CI)] 25.3 (25.1-25.6) 26.2 (25.9-26.4)b 27.5 (27.2-27.9)b,c

Women [% (95% CI)] 50.8 (48.6-53.0) 51.8 (49.7 -53.8) 52.2 (50.0-54.4)
Age, y [mean(95% CI)] 41.4 (40.2-42.6) 42.6 (41.6-43.7) 44.6 (43.5-45.7)b,c

Ethnicity [% (95% CI)]

 NZEO

 Māori

 Pacific people

92.0 (86.3-95.4)

7.7 (4.3-13.4)

0.4 (0.0-1.8)

83.9 (81.9-85.6)b

12.0 (10.5-13.6)

       4.2 (3.4-5.2)b

83.5 (81.3-85.4)b

11.7 (10.1-13.5)

       4.8 (4.0-5.8)b

Current smoker [%] 21.9 (19.2-24.9) 22.6 (20.6-24.7) 16.8 (14.5-19.3)b,c

BMI, kg/m2 [mean (95% CI)] 24.7 (24.0-25.1) 26.1 (25.8-26.4)b 27.5 (27.1-27.9)b,c

Abbreviations: NZEO, New Zealand European and Others.
a: Data are from the 1989 Life in New Zealand Survey (LINZ89), 1997 National Nutrition survey (NNS97) and 2008-09 New Zealand Adult Nutrition Survey 

(ANS08/09). All estimates are adjusted for the complex sampling design for each survey.
b: Significantly different to LINZ89 survey (P<0.01)
c:  ignificantly different to NNS97 survey (P<0.001)

Table 2: Serum total cholesterol concentrations of New Zealanders aged 15 years and older.a

Serum total cholesterol concentration – Mean (95% CI), mmol/L Mean difference between surveys, mmol/Lb

LINZ89 
(n=2,989)

NNS97 
(n=3,223)

ANS08/09 
(n=3,309)

NNS97-LINZ89 NNS97-ANS08/09 ANS08/09-LINZ89

Men
All ethnic groups; unadjusted 5.83 (5.70-5.95) 5.72 (5.63-5.81) 5.09 (5.01-5.18) -0.11 -0.63c -0.73c

All ethnic groups; at mean aged

 NZEO, unadjusted
 NZEO; at mean aged

 Maori; unadjusted
 Maori; at mean aged

 Pacific; unadjustede

 Pacific; at mean aged

6.20 (6.05-6.36)
5.84 (5.71-5.98)
6.22 (6.06-6.37)
5.60 (5.31-5.89)
6.05 (5.74-6.36)

-
-

6.07 (5.96-6.19)
5.69 (5.59-5.78)
6.02 (5.91-6.13)
6.03 (5.64-6.41)
6.55 (6.02-7.08)
5.69 (5.36-6.03)
6.23 (5.67-6.78)

5.48 (5.38-5.58)
5.08 (4.99-5.17)
5.46 (5.91-6.13)
5.18 (5.00-5.36)
5.60 (5.38-5.82)
4.97 (4.77-5.16)
5.35 (5.11-5.58)

-0.13
-0.15
-0.19c

 0.43
 0.50

-
-

-0.59c

-0.60c

-0.56c

-0.85 
-0.95c

-0.73c

-0.88c

-0.72c

-0.76c

-0.75c

-0.42c

-0.45c

-
-

Age-group 15 to 54 y
 55 + y

5.67 (5.54-5.80)
6.31 (6.13-6.49)

5.59 (5.48-5.70)
6.13 (6.01-6.26)

5.14 (5.04-5.23)
4.97 (4.84-5.09)

-0.08
-0.18

-0.45c

-1.17c

-0.54c

-1.35c

Women
All ethnic groups; unadjusted 6.01 (5.89-6.14) 5.75 (5.68-5.83) 5.25 (5.17-5.32) -0.26c -0.50c -0.77c

All ethnic groups; at mean aged

 NZEO, unadjusted
 NZEO; at mean aged

 Maori; unadjusted
 Maori; at mean aged

 Pacific; unadjustede

 Pacific; at mean aged

6.09 (5.97-6.22)
6.04 (5.90-6.18)
6.08 (5.95-6.22)
5.72 (5.48-5.95)
6.13 (5.99-6.28)

-
-

5.77 (5.71-5.84)
5.81 (5.73-5.89)
5.78 (5.71-5.86)
5.26 (5.10-5.43)
5.62 (5.42-5.81)
5.05 (4.68-5.42)
5.61 (5.25-5.97)

5.18 (5.11-5.25)
5.29 (5.20-5.37)
5.20 (5.12-5.28)
4.82 (4.68-4.95)
4.99 (4.85-5.13)
4.69 (4.52-4.86)
4.93 (4.71-5.16)

-0.32
-0.23
-0.30c

-0.45c

-0.52c

-
-

-0.60c

-0.56c

-0.60c

-0.44c

-0.64c

-0.37
-0.68c

-0.91c

-0.75c

-0.88c

-0.90c

-1.14c

-
-

Age-group 15 to 54 y
 55 + y

5.64 (5.51-5.78)
6.97 (6.82-7.12)

5.41 (5.32-5.49)
6.62 (6.50-6.74)

4.94 (4.86-5.02)
5.74 (5.63-5.84)

-0.24c

-0.35c

-0.46c

-0.88c

-0.70c

-1.23c

Abbreviations: NZEO, New Zealand European and Others.
a:  Data are from the 1989 Life in New Zealand Survey (LINZ89), 1997 National Nutrition survey (NNS97) and 2008-09 New Zealand 
Adult Nutrition Survey (ANS08/09). All estimates are adjusted for the complex sampling design for each survey. To convert serum cholesterol from  millimoles per litre to milligrams per decilitre, divide by 0.02586.
b:  Mean differences generated from sex-specific survey regression models.
c:  p<0.01.
d:  Marginal means at the mean age of all participants (43 years) from sex-specific survey regression models.
e:  Estimates were not calculated for Pacific people in the LINZ89 survey, because of small sample size.

serum cholesterol occurred between NNS97 
and ANS08/09 than between LINZ89 and 
NNS97. Average serum HDL-cholesterol 
concentration increased between the 
NNS97 and ANS08/09 surveys (see the 
Supplementary Table, available with the 
online version of this article). Therefore, the 

declines in serum total cholesterol during this 
period were due to decreases in non-HDL 
cholesterol.

Mean (95% CI) serum total cholesterol 
concentrations for participants of each survey 
by sex and age group are presented in  
Figure 1. Whereas serum cholesterol 
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Figure 1. Serum total cholesterol concentrations by sex, age group and survey. Point estimates 

are means and error bars are 95% confidence intervals. Results were calculated using survey 

weights. Δ 1989 Life in New Zealand survey; ○ 1997 National Nutrition Survey;  2008-09 

Adult Nutrition Survey. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Serum total cholesterol concentrations by sex, age group and survey. 

Point estimates are means and error bars are 95% confidence intervals. Results were calculated using survey weights. 
Δ 1989 Life in New Zealand survey;   1997 National Nutrition Survey;   2008-09 Adult Nutrition Survey.

concentrations for men increased with age 
up to the 45 to 54 year groups and remained 
elevated in older participants of LINZ89 
and NNS97, a steep decrease was observed 
after the 45-54 year group in ANS08/09. 
For women, the sharp increase in serum 
cholesterol concentration after the 45-54 year 
group observed in LINZ89 and NNS97 was 
attenuated in ANS08/09. 

Trends in dietary fat intakes 
Total fat intakes decreased from 38.8% of 
energy intake in LINZ89 to 33.7% in ANS08/09 
(Table 3). For all participants except women 
≥55 years, mean intakes of saturated fat – as 
a percentage of energy intakes – decreased 
to a similar extent between the three surveys. 
For older women, mean saturated fat intakes 
did not change between LINZ89 and NNS97. 
Intakes of unsaturated fats also decreased 
between LINZ89 and NNS97 for men and 

women, but monounsaturated fat increased 
and polyunsaturated fat did not change 
between NNS97 and ANS08/09. 

The contribution of dairy fat to total fat 
intakes declined significantly between 
1997 and 2009 (Table 4). In particular, the 
percentage of fat from butter declined for 
men and women of all ages, and milk fat 
declined for all groups except for men ≥55 
years. There were no differences between 
NNS97 and ANS08/09 in the contribution of 
fat from meat. 

Cholesterol-lowering medication use 
in the ANS08/09
The percentage of participants in ANS08/09 
who reported using cholesterol-lowering 
medications was 10.8% (95%CI: 9.5-12.2%), 
with no difference between men and 
women. Cholesterol-lowering medication use 

increased with age, from 2.7% for participants 
aged 15 to 54 years to 29.9% for participants 
aged ≥55. Most participants (85.5%) who 
were taking cholesterol-lowering drugs 
reported taking a statin. Serum cholesterol 
concentrations were significantly lower for 
men and women using cholesterol-lowering 
medications than for those who did not 
(Figure 2). The increased use of cholesterol-
lowering medications coincided with the 
sharp decline in serum cholesterol after age 
55 for men, and with an attenuation in the 
age-related increase for women.

Discussion 
Analysis of data from three nationally 
representative surveys shows that age-
adjusted average serum total cholesterol 
concentration of the NZ adolescent and adult 
population declined from 6.15 mmol/L in 
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Figure 2. Serum total cholesterol concentrations for participants of the 2008-09 New Zealand 

Adult Nutrition Survey, by sex and age group, and by use of cholesterol-lowering medications. 

Point estimates are means and error bars are 95% confidence intervals. Results were calculated 

using survey weights.   All participants;  Δ  Not using cholesterol-lowering medications; ○ 

Using cholesterol-lowering medications. 

 

Figure 2: Serum total cholesterol concentrations for participants of the 2008-09 New Zealand Adult Nutrition Survey, by sex and age group, and by use of  
cholesterol-lowering medications.

Point estimates are means and error bars are 95% confidence intervals. Results were calculated using survey weights. 
 All participants;   Δ Not using cholesterol-lowering medications;   Using cholesterol-lowering medications.

Miller et al.
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Table 3: Dietary fat intakes of New Zealanders aged 15 years and older.a

Dietary fat intake – Mean  (95% CI) Difference between surveys % of total energy intake b 
LINZ89 

(n=1,618)
NNS97 

(n=4,636)
ANS08/09 
(n=4,721)

NNS97-LINZ89 NNS97-ANS08/09 ANS08/09-LINZ89

Total fat (% of total energy intake)
Men 15 to 54 y
 55+ y

39.4 (38.5-40.3)
36.9 (35.8-38.0)

35.7 (35.0-36.3) 
34.4 (33.6-35.2)

34.3 (33.5-35.0)
32.5 (31.5-33.5) 

-3.7c

-2.5c

-1.4c

-1.9c

-5.1c

-4.4c

Women 15 to 54 y
 55+ y

38.5 (37.6-39.3)
35.3 (33.9-36.8)

34.8 (34.2-35.4)
33.7 (32.9-34.5) 

33.9 (33.2-34.6) 
33.5 (32.7-34.3)

-3.7c

-1.6 
-0.9d

-0.2
-4.6c

-1.8d

Saturated fat (% of total energy intake)
Men  15 to 54 y
 55+ y

16.6 (16.1-17.1)
15.5 (14.7-16.2)

15.2 (14.9-15.6)
14.5 (14.0-15.1)

13.4 (13.0-13.8)
12.5 (12.0-13.0)

-1.4c

-1.0d

-1.8c

-2.0c

-3.2c

-3.0c

Women 15 to 54 y
 55+ y

16.1 (15.5-16.7)
14.1 (13.1-15.1)

14.9 (14.6-15.2)
14.1 (13.7-14.6)

13.3 (13.0-13.7)
12.5 (12.1-13.0)

-1.2c

0.0
-1.6c

-1.6c

-2.8c

-1.6c

Monounsaturated fat (% of total energy intake)

Men 15 to 54 y
 55+ y

13.5 (13.0-14.1)
11.7 (11.2-12.2)

12.0 (11.8-12.3)
11.2 (10.9-11.5)

12.8 (12.4-13.1) 
11.7 (11.3-12.2) 

-1.6c

-0.5
0.7c

0.7c

-0.8d

0.0
Women 15 to 54 y
 55+ y

12.6 (12.1-13.0)
11.2 (10.6-11.9)

11.5 (11.3-11.8) 
11.0 (11.3-11.9) 

12.3 (12.0-12.6) 
12.2 (12.0-12.7) 

-1.0c

-0.3 
0.9c

-1.3c

-0.2
1.0d

Polyunsaturated fat (% of total energy intake)
Men 15 to 54 y
 55+ y

5.5 (5.1-5.9)
6.0 (5.6-6.4)

4.9 (4.7-5.1) 
5.1 (4.9-5.4) 

4.8 (4.6-4.9)
4.8 (4.6-5.0)

-0.6c

-0.8c

0.0
-0.3

-0.8c

-1.1c

Women 15 to 54 y
 55+ y

5.2 (4.9-5.6)
5.8 (5.2-6.4)

4.8 (4.7-5.0) 
5.1 (4.9-5.3) 

4.8 (4.7-4.9)
5.2 (5.0-5.5) 

-0.4d

-0.7d

0.0
-0.1

-0.4d

-0.6
Dietary cholesterol (per 1,000 kJ)
Men 15 to 54 y
 55+ y

33.9 (31.7-36.1)
33.6 (29.0-38.1)

31.8 (30.4-33.2)
32.9 (31.1-34.7)

31.3 (29.6-33.0)
32.9 (30.7-35.1)

-2.1
-0.6

-0.5
0.0

-2.6
-0.7

Women 15 to 54 y
 55+ y

33.6 (31.2-36.0)
32.5 (29.0-36.0)

32.0 (30.9-33.2)
34.4 (32.2-36.6)

30.7 (29.2-32.4)
32.5 (30.4-34.6)

-1.6
1.9

-1.3
-1.9

-2.8
0.0

Abbreviations: NZEO, New Zealand European and Others.
a: Data are from the 1989 Life in New Zealand Survey (LINZ89), 1997 National Nutrition survey (NNS97) and 2008-09 New Zealand Adult Nutrition Survey (ANS08/09). All estimates are adjusted for the complex sampling design for each survey.
b: Mean differences generated from sex-specific survey regression models.
c:  p<0.001; d p<0.05

1989 to 5.39 mmol/L in 2008/09. Substantial 
decreases were found for men and women of 
all ages and in all ethnic groups. Older adults 
had the largest decrease in mean serum 
cholesterol concentration over the 20-year 
period. We also observed population-wide 
changes in dietary fat intakes, including a 
reduction in intakes of saturated fat and 
fat from milk and butter, together with 
widespread use of cholesterol-lowering 
medications in 2008/09, which were likely 
to explain some of the reduction in serum 
cholesterol levels.

Decreases in population average total 
cholesterol concentrations over time have 
been reported for other high-income 
countries.20,21 An analysis of data from 199 
countries and territories estimated serum 
cholesterol concentration decreased by an 
average of 0.19 mmol/L per decade between 
1980 and 2008 for adults 25 years and older 
in high income regions of Australasia, North 
America, and western Europe.11 In the US, 
mean serum total cholesterol concentration 
for females 16 to 19 years decreased by 0.2 
mmol/L between 1988–1994 and 2007–2010, 
with no change for adolescent males.22 

Thus, the decrease in serum cholesterol for 
NZ adolescents and adults (0.71 and 0.83 

mmol/L, respectively) between 1989 and 
2008/09 in the present study is substantially 
larger than in many other high income 
countries.11 

Dietary fat12 and cholesterol-lowering 
medications8 are important modifiers 
of serum total cholesterol, and secular 
changes in these factors may account for 
some of the decreases observed in high 
income countries.23,24 In the present study, 
the decreases in average serum cholesterol 
concentration in adolescents and younger 
adults was not due to changes in the use of 
cholesterol-lowering medications because 
the use of these medications was low in 
these age groups (less than 2% in ANS08/09). 
Saturated fats, especially myristic and palmitic 
fatty acids, are major determinants of serum 
cholesterol.12,25 Thus, the reduction in intakes 
of saturated fat and fat from milk and butter 
(rich sources of myristic and palmitic fatty 
acids) observed in this study are compatible 
with declines in serum cholesterol levels. 
Dietary trans fatty acids increase serum 
cholesterol, and decreases in intakes may 
have contributed to the decline in serum 
cholesterol concentration in the US.22,26 
Although intakes of trans fatty acids could not 
be estimated in the surveys, it is unlikely that 

decreasing intakes contributed to declining 
serum cholesterol levels in NZ because 
estimated intakes were low during the period 
of investigation.27

The largest decline in average serum total 
cholesterol concentration over the 20 years 
was observed in older New Zealanders, 
mainly as a reversal of the age-related 
increase in serum cholesterol in ANS08/09. 
Saturated fat intakes decreased across all 
age groups between 1997 and 2008/09; 
however, the effect of saturated fat reduction 
on serum cholesterol levels is known to be 
greater in older people or in people with 
elevated serum cholesterol levels.28,29 In 
addition, the increased prevalence of statin 
use in those aged over 55 years in ANS08/09 
coincided with the steep decline in serum 
cholesterol concentrations after middle age 
in men, and with a blunting of the increase 
in serum cholesterol that was observed for 
women not on medications. Although not 
directly measured in the two earlier surveys, 
statin use would be minimal because statins 
were restricted to clinical trials in 1989,16,30 
and eligibility for prescription in 1997 
was restricted to people with established 
hypercholesterolemia and uptake was low.16 
A reduction in serum cholesterol levels from 

Point estimates are means and error bars are 95% confidence intervals. Results were calculated using survey weights. 
 All participants;   Δ Not using cholesterol-lowering medications;   Using cholesterol-lowering medications.
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dietary fat manipulation above statin therapy 
has been reported in clinical trials.31,32 Our 
findings suggest that changes in dietary fat 
together with the fairly recent substantially 
increased rate of statin prescribing has 
produced an appreciable reduction in 
population cholesterol levels. 

A limitation of our observational study is that 
it does not allow causality to be established, 
and temporal changes in other dietary and 
lifestyle factors may have also contributed to 
the decreases in serum cholesterol observed 
in this study. Aerobic exercise may lower 
serum total cholesterol in individuals by 
approximately 0.1 mmol/L;33,34 however, 
participation in moderate to high intensity 
physical activity by adult New Zealanders 
did not change between 2002–03 and 
2006–07,35 during the period of greatest 
declines in serum cholesterol. The prevalence 
of cigarette smoking declined during the 
period of investigation, though this change 
is more likely to raise HDL-cholesterol 
rather than lower total cholesterol.36 Energy 
from fat, which declined slightly across the 
surveys, was partly replaced with refined 
carbohydrate (data not presented). This 
might lower HDL-cholesterol and raise 
VLDL-cholesterol, but would have little effect 
on serum total cholesterol.37 Finally, the 
increasing adiposity that occurred under the 
period of investigation might be expected to 
be associated with some increase in serum 
cholesterol levels, and thus attenuate the 
trends reported here. Therefore, although 

we cannot discount an effect of changes 
in other factors on the population average 
serum total cholesterol; any effect would be 
minor compared with the observed changes 
in dietary fat and use of cholesterol-lowering 
medications. 

Our study has other limitations that should be 
considered when interpreting these results. 
The response rates for the surveys ranged 
from 50% to 61%, which is less than ideal but 
considered reasonable for surveys of this size 
with high respondent burden, and we used 
survey-specific sample weights to produce 
estimates that represented the population 
at the time of each survey. Analytical 
variations may explain part of the differences 
in serum total cholesterol concentrations 
between surveys; however, the variations 
should be minimal because protocols for 
collecting, processing and analysing the 
bloods were similar, and were conducted 
according to strict standardised criteria. 
Associations between dietary fat intake 
and serum cholesterol concentrations were 
not investigated because a single 24-hour 
recall does not provide reliable information 
on habitual fat intake due to day-to-day 
variations in intake. However, a 24-hour recall 
provides a good estimate of mean intakes 
for making comparisons between large 
subgroups of the population.38 Improvements 
in dietary assessment techniques and 
the quality and completeness of NZ food 
composition tables mean that comparisons 
of nutrient intakes between LINZ89 and later 

surveys should be made with caution. The 
type of fat from some food groups may have 
been underestimated in ANS08/09 compared 
with NNS97, because ingredients in some 
mixed dishes and convenience foods (which 
were more commonly consumed in the 
ANS08/09) were unknown. Underreporting of 
foods perceived to be unhealthy – butter, for 
example – may have increased over time in 
response to increased awareness of potential 
adverse health effects.39 These limitations 
may lead to an overestimation of the change 
in dietary fat intakes between the earlier and 
latter surveys. 

Cohort and clinical trial data enable the 
prediction of expected reduction in IHD from 
any given reduction in cholesterol.7,8 The 
decline in population average cholesterol 
observed here would be expected to lead 
to a reduction in IHD mortality by about 
20%, based on age-specific reductions in risk 
for each 1 mmol/L decrease in serum total 
cholesterol for adults aged 40 to 89.7 IHD 
mortality rates decreased by 55% for this 
age group between 1980 and 2011 in NZ,2 
suggesting that the decline in population 
serum cholesterol explains more than one-
third of the reduction in IHD mortality, with 
beneficial changes in other modifiable risk 
factors or improved treatment of acute events 
accounting for the rest. Given the reduction 
of levels in the younger age group, who were 
infrequent users of cholesterol lowering 
drugs, it seems reasonable to conclude that 
change in nature of dietary fat – the only 

Table 4: Food sources of dietary fat for New Zealanders aged 15 years and older.a

 

 

 

 Participants aged 15-54 years – Mean (95% CI) Participants aged ≥55 years and older – Mean (95% CI) 
NNS97 

(n=3,237)
ANS08/09 
(n=2,947)

 p-valueb NNS97 
(n=1,399)

ANS08/09 
(n=1,774)

 p-valueb

Dairy fat (% of total fat intake)
Men
Women
 Butter fat (% of total fat intake)
  Men
  Women
 Milk fat (% of total fat intake)
  Men
  Women
 Cheese fat (% of total fat intake)
  Men
  Women
 Other dairy (% of total fat intake)
  Men
  Women

20.2 (18.9-21.4)
22.3 (20.8-23.3)

7.1 (6.2-7.9)
7.1 (6.4-7.9)

6.1 (5.5-6.7)
6.8 (6.1-7.4)

4.1 (3.5-4.7)
5.0 (4.5-5.6)

2.7 (2.2-3.2)
3.1 (2.7-3.5)

13.5 (12.3-14.8)
15.2 (13.9-16.4)

2.3 (1.8-2.8)
2.9 (2.3-3.6)

4.3 (3.8-4.8)
4.5 (4.0-5.0)

4.1 (3.4-4.7)
4.3 (3.7-5.0)

2.8 (2.1-3.4)
3.3 (2.5-4.0)

 <0.001 
 <0.001 

<0.001
<0.001

<0.001
<0.001

0.849
0.128

0.949
0.699

22.7 (20.2-25.2)
23.9 (22.1-25.7)

7.8 (6.6-9.1)
8.3 (7.2-9.5)

5.6 (5.0-6.3)
6.9 (6.2-7.7)

4.7 (3.3-6.0)
4.6 (3.3-5.0)

4.2 (3.3-5.1)
3.7 (2.9-4.5)

 16.9 (15.2-18.7) 
 16.1 (14.6-17.6) 

3.9 (2.9-4.9)
3.3 (2.6-4.0)

5.2 (4.4-5.9)
4.5 (3.8-5.2)

3.6 (2.7-4.4)
4.1 (3.3-5.0)

4.0 (2.9-5.1)
3.7 (3.0-4.4)

<0.001
<0.001

 <0.001 
 <0.001 

0.363
 <0.001 

0.175
0.437

0.789
0.935

Meat fat (% of total fat intake)

Men
Women

21.4 (20.0-20.4)
18.2 (17.1-19.3)

 20.4 (18.8-22.0) 
 17.7 (16.3-19.2) 

0.382
0.619

19.9 (17.9-21.9)
17.4 (15.8-19.0)

21.0 (18.8-23.3)
18.4 (16.9-19.8)

0.456
0.400

 a Data are from the 1997 National Nutrition survey (NNS97) and the 2008/09 Adult Nutrition survey (ANS08/09). All estimates are adjusted for the complex sampling design for each survey. 
b P-value for difference between surveys within each age group, determined from sex and age specific regression models.
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major determinant of cholesterol levels 
in the population at large23 – has played a 
major role in one of the success stories in 
the public health of many relatively affluent 
societies. Yet IHD remains an important 
cause of premature morbidity and mortality, 
and will be an increasing contributor 
to overall ill health as populations age.1 
Measures aimed at continuing a reduction of 
population cholesterol levels should ensure 
a continuing improvement in disease rates. 
Saturated fat intake remains well above 
internationally recommended ranges of 
intake.15 Although some meta-analyses have 
not demonstrated a convincing reduction 
in cardiovascular mortality and saturated 
fat when macronutrient substitution is 
ignored,40 cardiovascular risk is reduced when 
saturated fat is replaced with polyunsaturated 
fat.41 Reduction in saturated fat, a key 
component of public health nutrition 
measures aimed at IHD risk reduction, has 
in the past been achieved as a result of near 
universal acceptance of the nutrient disease 
link and by collaboration among health 
and nutrition educators, regulators, the 
media, the public and food providers. This 
consensus has recently been threatened by 
a movement advocating benefits of a diet 
low in carbohydrate and high in fat, including 
saturated fat (e.g. the ‘paleo’ diet). Despite 
the questionable scientific basis for such 
a nutritional approach, it appears to have 
widespread appeal – to the extent that it has 
been shown to be associated with an increase 
in mean population cholesterol levels in 
some areas where uptake of the advice has 
been high.42 Ensuring appropriate nutrition 
advice to achieve still further reductions 
in population cholesterol levels remains a 
critical continuing component of a IHD risk 
reduction strategy and represents a challenge 
to those involved in public health nutrition.

Funding sources
This work was supported by the NZ National 
Heart Foundation, which funded the 1989 Life 
in New Zealand Survey, and the NZ Ministry 
of Health, which funded the 1997 National 
Nutrition survey and 2008/09 NZ Adult 
Nutrition Survey. The NZ Crown is the owner 
of the copyright for the 2008/09 NZ Adult 
Nutrition Survey data. The results presented 
in this paper are the work of the authors.

References
1.  World Health Organization. Global Status Report on 

Noncommunicable Diseases. Geneva (CHE): WHO Press; 
2010. 

2.  Ministry of Health. Mortality and Demographic Data. 
Wellington (NZ): Government of New Zealand; 2011. 

3.  Mann J, Swinburn B, Beaglehole R, Mhurchu CN, 
Jackson R. Diverging global trends in heart disease 
and diabetes: Implications for dietary guidelines. Lancet 
Diabetes Endocrinol. 2015:3(8):584-5.

4.  Unal B, Critchley JA, Capewell S. Explaining the 
decline in coronary heart disease mortality in England 
and Wales between 1981 and 2000. Circulation. 
2004;109(9):1101-7. 

5.  Capewell S, Beaglehole R, Seddon M, McMurray J. 
Explanation for the decline in coronary heart disease 
mortality rates in Auckland, New Zealand, between 
1982 and 1993. Circulation. 2000;102(13):1511-16. 

6.  Tobias M, Taylor R, Yeh LC, Huang K, Mann S, Sharpe N. 
Did it fall or was it pushed? The contribution of trends 
in established risk factors to the decline in premature 
coronary heart disease mortality in New Zealand. Aust 
N Z J Public Health. 2008;32(2):117-25. 

7.  Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson 
J, Halsey J, et al. Blood cholesterol and vascular 
mortality by age, sex, and blood pressure: A meta-
analysis of individual data from 61 prospective studies 
with 55,000 vascular deaths. Lancet. 2007;370:1829-39. 

8.  Cholesterol Treatment Trialists’ Collaborators. Efficacy 
and safety of cholesterol-lowering treatment: 
Prospective meta-analysis of data from 90 056 
participants in 14 randomised trials of statins. Lancet. 
2005;366(9493):1267-78. 

9.  Hooper L, Summerbell CD, Thompson R, Sills D, Roberts 
FG, Moore HJ, et al. Reduced or modified dietary fat for 
preventing cardiovascular disease (Cochrane Review). 
In: The Cochrane Database of Systematic Reviews; Issue 
5, 2012. Chichester (UK): John Wiley; 2012. 

10.  Metcalf PA, Scragg RRK, Schaaf D, Dyall L, Black PN, 
Jackson R. Trends in major cardiovascular risk factors in 
Auckland, New Zealand: 1982 to 2002-2003. N Z Med J. 
2006;119(1245):U2308. 

11.  Farzadfar F, Finucane MM, Danaei G, Pelizzari PM, 
Cowan MJ, Paciorek CJ, et al. National, regional, and 
global trends in serum total cholesterol since 1980: 
Systematic analysis of health examination surveys and 
epidemiological studies with 321 country-years and 3.0 
million participants. Lancet. 2011;377(9765):578-86. 

12.  Clarke R, Frost C, Collins R, Appleby P, Peto R. Dietary 
lipids and blood cholesterol: Quantitative meta-analysis 
of metabolic ward studies. BMJ. 1997;314(7074):112-7. 

13.  Laugesen M, Swinburn B. The New Zealand food supply 
and diet - trends 1961-95 and comparison with other 
OECD countries. N Z Med J. 2000;113:311-5. 

14.  Skeaff CM, Mann JI, McKenzie J, Wilson NC, Russell DG. 
Declining levels of total serum cholesterol in adult New 
Zealanders. N Z Med J. 2001;114(1128):131-4. 

15.  World Health Organization Food and Agriculture 
Organization. Diet, Nutrition and the Prevention of 
Chronic Disease. Geneva (CHE): WHO Press; 2003. 

16.  Metcalfe S, Moodie P. More about cardiovascular 
disease and lipid management in New Zealand. N Z 
Med J. 2002;115(1163):U203. 

17.  Quigley R, Watts C. Food Comes First: Methodologies for 
the National Nutrition Survey of New Zealand. Wellington 
(NZ): Ministry of Health; 1997. 

18.  Wilson N, Russell DG, Spears G, Herbison P. Life in New 
Zealand Commission Report: Survey Protocol. Vol II. 
Wellington (NZ): Hillary Commission for Recreation 
and Sport; 1991. 

19.  University of Otago. Methodology Report for the 2008/09 
New Zealand Adult Nutrition Survey [Internet]. Wellington 
(NZ): New Zealand Ministry of Health; 2011 [cited 2014 
Jul 10]. Available from: http://www.moh.govt

20.  Eliasson M, Janlert U, Jansson JH, Stegmayr B. Time 
trends in population cholesterol levels 1986-2004: 
Influence of lipid-lowering drugs, obesity, smoking 
and educational level. The Northern Sweden MONICA 
Study. J Intern Med. 2006;260(6):551-9. 

21.  Mindell J, Aresu M, Zaninotto P, Falaschetti E, Poulter 
N. Improving lipid profiles and increasing use of 
lipid-lowering therapy in England: Results from a 
national cross-sectional survey - 2006. Clin Endocrinol. 
2011;75:621-7. 

22.  Kit BK, Carroll MD, Lacher DA, Sorlie PD, DeJesus JM, 
Ogden C. Trends in serum lipids among US youths aged 
6 to 19 years, 1988-2010. JAMA. 2012;308(6):591-600. 

23.  Capewell S, Ford ES. Why have total cholesterol levels 
declined in most developed countries? BMC Public 
Health. 2011;11:641. 

24.  Valsta LM, Tapanainen H, Sundvall J, Laatikainen T, 
Mannisto S, Pietinen P, et al. Explaining the 25-year 
decline of serum cholesterol by dietary changes and 
use of lipid-lowering medication in Finland. Public 
Health Nutr. 2010;13(6A):932-8. 

25.  Kris-Etherton PM, Yu S. Individual fatty acid effects on 
plasma lipids and lipoproteins: Human studies. Am J 
Clin Nutr. 1997;65:1628S-44S. 

26.  Vesper HW, Kuiper HC, Mirel LB, Johnson CL, Pirkle JL. 
Levels of plasma trans-fatty acids in Non-Hispanic white 
adults in the United States in 2000 and 2009. JAMA. 
2012;307(6):562-3. 

27.  Food Standards Australia New Zealand. Intakes of Trans 
Fatty Acids in New Zealand and Australia. Review Report 
- 2009 Assessment. Canberra (AUST): FSANZ; 2009. 

28.  Law M. Dietary fat and adult diseases and the 
implications for childhood nutrition: An epidemiologic 
approach. Am J Clin Nutr. 2000;72 Suppl:1291-6. 

29.  Denke MA. Review of human studies evaluating 
individual dietary responsiveness in patients with 
hypercholesterolemia. Am J Clin Nutr. 1995;62:471S-7S. 

30.  Ellis C, White H. PHARMAC and the statin debacle. N Z 
Med J. 2006;119(1236):U2033. 

31.  Chisholm A, Mann J, Sutherland W, Williams S, Ball 
M. Dietary management of patients with familial 
hypercholesterolaemia treated with simvastatin. Q J 
Med. 1992;85(307-308):825-31. 

32.  Clifton PM, Noakes M, Nestel PJ. Gender and diet 
interactions with simvastatin treatment. Atherosclerosis. 
1994;110(1):25-33. 

33.  Kelley GA, Kelley KS, Tran ZV. Aerobic exercise and 
lipids and lipoproteins in women: A meta-analysis 
of randomized controlled trials. J Womens Health. 
2004;13(10):1148-64. 

34.  Kelley GA, Kelley KS. Aerobic exercise and lipids and 
lipoproteins in men: A meta-analysis of randomized 
controlled trials. J Mens Health Gend. 2006;3(1):61-70. 

35.  Ministry of Health. A Portrait of Health - Key Results of 
the 2006/07 New Zealand Health Survey 2008 [Internet]. 
Wellington (NZ): Government of New Zealand; 2011 
[cited 2015 Apr 10]. Available from: http://www.moh.govt

36.  Maeda K, Noguchi Y, Fukui T. The effects of cessation 
from cigarette smoking on the lipid and lipoprotein 
profiles: A meta-analysis. Prev Med. 2003;37(4):283-90. 

37.  Mensink RP, Zock PL, Kester AD, Katan MB. Effects of 
dietary fatty acids and carbohydrates on the ratio of 
serum total to HDL cholesterol and on serum lipids 
and apolipoproteins: A meta-analysis of 60 controlled 
trials. Am J Clin Nutr. 2003;77(5):1146-55. 

38.  Institute of Medicine. Dietary Reference Intakes: 
Applications in Dietary Assessment. Washington (DC): 
National Academy Press; 2000. 

39.  Heitmann BL, Lissner L, Osler M. Do we eat less 
fat, or just report so? Int J Obes Relat Metab Disord. 
2000;24(4):435-42. 

40.  Chowdhury R, Warnakula S, Kunutsor S, Crowe F, Ward 
HA, Johnson L, et al. Association of dietary, circulating, 
and supplement fatty acids with coronary risk: A 
systematic review and meta-analysis. Ann Intern Med. 
2014;160(6):398-406.

41. Hooper L, Martin N, Abdelhamid A, Davey Smith G. 
Reduction in saturated fat intake for cardiovascular 
disease (Cochrane Review). In: The Cochrane Database 
Systematic Review; Issue 6, 2015. Chichester (UK): John 
Wiley; 2015.

42.  Johansson I, Nilsson LM, Stegmayr B, Boman K, 
Hallmans G, Winkvist A. Associations among 25-year 
trends in diet, cholesterol and BMI from 140,000 
observations in men and women in Northern Sweden. 
Nutr J. 2012;11:40. 

Supporting Information
Additional supporting information may be 
found in the online version of this article:

Supplementary Table 1: Serum HDL-
cholesterol concentrations of New Zealanders 
aged 15 years and older.

Twenty-year trends in serum cholesterol in NZ


