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Age-related normogram for antral follicle count:
McGill reference guide
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Objective: To produce age-related normograms for antral follicle count in an infertile population without
polycystic ovaries.

Design: Retrospective cohort analysis.

Setting: University teaching center.

Patient(s): Eighteen hundred sixty-six infertile patients.

Intervention(s): Baseline transvaginal ultrasound examination between days 2 and 4 of the menstrual cycle.
Main Outcome Measure(s): Correlation between age and different percentiles of antral follicle count.

Result(s): The age-related normogram for the 3rd, 10th, 25th, 50th, 75th, 90th, and 97th percentile of antral follicle
count showed a biphasic mode of antral follicle count decline with two different rates of antral follicle count loss:
a steep-slope phase (high rate of antral follicle count loss) and a moderate-slope phase (restrained rate of antral
follicle count losses). In the low antral follicle count percentiles (3rd, 10th, 25th), the phase of high loss rate of
follicles preceded the phase of slow loss rate, whereas in the high antral follicle count percentiles (75th, 90th,
97th) the opposite was found.

Conclusion(s): Age-related normograms in infertile women without polycystic ovaries demonstrate a biphasic pat-
tern of decreased antral follicles. These normograms could provide a reference guide for the clinician in consulting
with women with infertility. However, future validation with longitudinal data is still needed. (Fertil Steril®

2011;95:663—6. ©2011 by American Society for Reproductive Medicine.)
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In the last decade, antral follicle count has been shown to reflect the
ovarian reserve (1), and its correlation with the pregnancy rate after
fertility treatment has been well established. Because of its availabil-
ity, reproducible results, high predictive value, and low cost, antral
follicle count is used widely and is considered currently the best
clinical predictor for ovarian response in assisted reproductive
technology (2-4).

Published data show that antral follicle count correlates nega-
tively with age (5). However, a large population study with a percen-
tile normogram never has been reported. In fact, a percentile
normogram might be clinically relevant to inform a woman about
her ovarian reserve relative to her age group, and for research pur-
poses. By identifying the antral follicle count percentile of a patient
on two distant time points, the ovarian reserve decline rate relative to
her age group might be studied. This is important because of the
declining fertility with increasing age and current social tendency
for delayed childbearing age. The aim of our study was to produce
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an age-related normogram for antral follicle count in an infertile
population without polycystic ovaries (PCO).

MATERIALS AND METHODS

‘We evaluated all records of baseline transvaginal ultrasound scans performed
between November 2007 and September 2009 at McGill University Health
Center, Montreal. We encountered 1,866 transvaginal ultrasound examina-
tions. All patients underwent a baseline ultrasound scan with use of two-
dimensional transvaginal sonography with the ultrasound machine Voluson
E8 (GE Healthcare, Milwaukee, WI) between days 2 and 4 of the menstrual
cycle. We excluded records from women with PCO, namely with >12 antral
follicles per ovary (356 cases).

Two experienced ultrasonographers counted the number of all antral folli-
cles of 2 to 10 mm in diameter (antral follicle count). The size of the follicle
was measured with use of the internal diameter of the sonolucent area. For
ovoid follicles, the mean diameter was calculated with use of two dimen-
sions. An approval from the Institutional Review Board was not requested
because of the retrospective nature of the study.

Statistical Analysis

Fitting a regression model out of percentile population raw data cannot be
evaluated adequately by the commonly used models such as linear or logistic
models. A method designed to produce such a model is the LMS method
(L stands for skewness, M for median, and S for coefficient of variation).
‘We used this method to construct a model that best described the percentile
curves of antral follicle count by age. The LMS method commonly is used to
create percentile smoothed data (fitted and normalized) for large population
studies (6, 7).
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TABLE 1

The correlation between antral follicle count percentiles
(3rd, 10th, 25th, 50th, 75th, 90th, 97th) and age.

Percentile

Age(y) No. 3rd 10th 25th 50th 75th 90th 97th

18 4 116 134 152 171 19.1 212 234
19 3 106 125 145 16.6 188 21.1 23.4
20 3 96 116 13.7 16 184 20.9 235
21 4 87 108 13.1 155 18 20.7 235
22 4 79 101 124 149 176 20.5 235
23 5 71 94 118 144 173 20.3 23.4
24 17 64 87 112 14 169 20.1 234
25 17 58 82 10.7 13.6 16.6 199 23.3
26 18 63 7.7 103 13.2 16.3 19.7 23.3
27 33 49 73 99 128 16 19.5 23.2
28 42 46 69 9.6 125 158 193 23

29 50 43 6.6 93 123 155 19.1 229
30 84 4 6.3 9 12 156.3 18.9 22.7
31 94 38 6.1 87 11.7 15 18.6 225
32 109 35 58 84 115 148 184 223
33 115 32 55 81 112 145 182 221
34 134 29 52 78 109 142 179 21.9
35 127 27 49 75 105 138 17.5 215
36 153 24 45 741 10 133 17 20.9
37 1839 22 42 6.7 96 128 16.3 20.1
38 122 2 39 63 91 121 156 19.2
39 141 18 36 59 85 115 148 183
40 126 16 34 55 8 108 139 173
41 93 15 31 51 75 102 13.1 16.3
42 71 13 29 48 7 9.5 123 154
43 56 12 26 44 66 9 11.6 145
44 24 11 24 441 61 83 108 13.6
45 11 09 21 387 66 77 10 125
46 6 08 19 33 5 69 9 113
47 4 07 16 29 44 61 8 10

48 4 05 14 25 37 52 68 86
49 2 04 11 2 31 43 656 7.1
50 1 03 09 15 24 33 44 56

Almog. Age-related normogram for antral follicle count. Fertil Steril 2011.

Construction of the centile curves was performed with use of LMS soft-
ware (The Institute of Child Health, London). In short, each outcome refer-
ence (antral follicle count) (changing distribution) is summarized by three
curves representing the median (M), the coefficient of variation (S), and
the skewness (L) as they change with the independent variable (age). For
each set of percentile curves, the initial smoothing methods were applied
to seven empirical percentiles, the 3rd, 10th, 25th, 50th, 75th, 90th, and
97th for each age. The model conditions were statistically significant
(P<.0001) and fitted the curves well, with all * values higher than 99%.

The relationship between antral follicle count and age was tested with use
of regression analysis. Data were analyzed with use of SPSS software pack-
age (SPSS Inc., Chicago, IL). A P value of < .05 was considered significant.

RESULTS
Table 1 and Figure 1 demonstrate the correlation between the 3rd,
10th, 25th, 50th, 75th, 90th, and 97th percentile of antral follicle
count and age. The LMS values (L = 1, M =6, S = 5) were adjusted
to obtain the minimal deviation for the percentile curves (i.e., data
were normalized to create the best fit to curve).

The age of the patients was 34.1 £ 5.1 years (range 17-50 years).
After excluding 356 cases with PCO, we were left with 1,866 cases
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FIGURE 1

Correlation between 3rd, 10th, 25th, 50th, 75th, 90th, and 97th
percentiles of antral follicle count (AFC) and age.
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Almog. Age-related normogram for antral follicle count. Fertil Steril 2011.

(non-PCO) for analysis. The study group was therefore the non-PCO
infertile population.

Figure 1 shows biphasic linear correlation reflecting two different
rates of antral follicle count loss: a steep-slope phase (high rate of
antral follicle count loss) and a moderate-slope phase (restrained
rate of antral follicle count losses). The change in the rate of antral
follicle count loss occurred at the “switching point.” High rates of
antral follicle count reduction are between 0.6 and 1.0 antral folli-
cles per year, and low rates are 0.1 to 0.3 antral follicles per year.
All regression lines for the biphasic linear correlation showed
a high degree of inverse correlation (r < —0.98, P<.001) between
age and antral follicle count (Table 2).

In the low antral follicle count percentiles (3rd, 10th, 25th), the
phase of high loss rate of follicles precedes the phase of slow loss
rate, whereas in the high antral follicle count percentiles (75th,
90th, 97th), the opposite was found: the phase of low loss rate pre-
cedes the phase of high loss rate (Fig. 1).

The intersection of the low rate and high rate regression lines was
calculated, and the age in each percentile curve in which high and
low rate of antral follicle count decline switch was found. The phase
of high rate of follicle loss in the 3rd, 10th, and 25th percentiles
switched to a lower rate of follicle loss at the ages of 26, 28, and
32 years respectively (Table 2). In contrast, in the 75th, 90th, and
97th antral follicle count percentiles, the phase of low loss rate
switched to a high rate of follicle loss at the ages of 34, 36, and
38 years respectively (Table 2).

Unlike other percentiles that showed a biphasic mode, the 50th
percentile revealed a constant rate of reduction, fitting a regression
linear equation (antral follicle count = —0.4, age + 24.6 years,
r=0.99, P<.001). The loss was 0.4 follicles per year.

The age of poor antral follicle count (fewer than eight antral fol-
licles) by percentile is shown in Table 3. The 3rd percentile group
reached poor antral follicle count as early as the age of 22 years,
whereas the 75th percentile group reached poor antral follicle count
at the age of 45 years (Table 3).

DISCUSSION

In this study, we produced percentile normograms for antral follicle
count in a population with infertility. We observed a biphasic mode
for antral follicle count loss by age for most percentiles (except for
the 50th percentile). There was a difference between the low
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TABLE 2

Percentiles of antral follicle count, high and low rate of follicle-losing phases, age of switching rates, and regression lines.

Follicle loss rate Rate of losing

by percentile Age (y) (follicles per year) Regression line r

Low percentiles of AFC
3rd high rate <26 0.8 AFC = —0.8" age + 26 —0.99
10th high rate <28 0.6 AFC = —0.6* age + 25 —0.99
25th high rate <32 0.6 AFC = —0.6" age + 23 —0.98
3rd low rate >26 0.2 AFC = —0.2* age + 10 —0.98
10th low rate >28 0.2 AFC = —0.2* age + 14 —0.99
25th low rate >32 0.3 AFC = —0.3* age + 20 —0.99

High percentiles of AFC
75th low rate <34 0.3 AFC = —0.3* age + 24 —0.98
90th low rate <36 0.2 AFC = —0.2" age + 24 —0.99
97th low rate <38 AFC = —0.1* age + 26 —0.99
75th high rate >34 0.6 AFC = —0.6" age + 38 —0.99
90th high rate >36 0.8 AFC = —0.8* age + 48 —0.99
97th high rate >38 AFC = —1.0" age + 60 —0.98

Note: P<.001 for all comparisons. AFC = antral follicle count.

Almog. Age-related normogram for antral follicle count. Fertil Steril 201 1.

percentile (3rd, 10th, 25th) and the high percentile groups (75th,
90th, 97th), including the switching age points for low and high
loss rate of follicles.

The inverse correlation between age and antral follicle count has
been described previously with estimated annual loss of 0.35 to 0.95
antral follicles per year (5, 8—10). A biphasic mode of age-declining
antral follicle count also has been described in a healthy population
(8-10). Our study that was conducted among a large number of
infertile women (1,880 women) is in agreement with their
findings. This is of particular importance as fertility declines with
advancing age. We found that various percentile groups have
different rates of antral follicle count decline and different ages of
switching points.

Antral follicle count reflects ovarian pool reserve (11) and corre-
sponds with the number of primordial follicles in histologic analysis
(12, 13). Our findings are in agreement with the biphasic or
exponential decline model of antral follicles (12—14). Whether the
follicles that are visualized by ultrasound scan represent healthy
follicles with competent oocytes remains unclear. However, the
presence of residual antral follicles at advancing age (median 3.3
at the age of 50 years) suggests that not all follicles seen are
normal or contain healthy oocytes.

Antral follicle count measurement is a potential predictor for
menopause (11). The accelerated rates of antral follicle count loss
in the low percentiles of the population may represent women at
risk for premature ovarian failure. Measuring antral follicle count
of a patient on two different (distant) occasions may reveal “falling
oft” the curve effect, which may have clinical significance. Like-
wise, identifying a patient in the low 3rd percentile at an early age
may suggest a “warning sign” for her future fertility. Because of
the low number of cases in which the women are younger than 24
years and older than 45 years, the reliability of our normograms in
these two groups of women is reduced and should be used carefully.

In cross-sectional data, it is difficult to distinguish the behavior of
different cohorts over time. Thus, it is possible that the percentile
curves merely represent the normal distribution of antral follicle
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decline. Accordingly, the analysis of rate of decline may be a rough
estimation on the basis of our data. In any event, they could provide
areference guide for the clinician in consulting with women with in-
fertility. In addition, other commonly used normograms such as fetal
growth and birth weight curves are based on cross-sectional data
(7, 15, 16). Longitudinal studies certainly are needed to validate
our nomogram. However, obviously longitudinal studies are
demanding and require a large cohort to be followed for 20 to 30
years ahead. Until we have such results, our nomograms might be
used, albeit cautiously.

In conclusion, age-related normograms in infertile women with-
out PCO demonstrate a biphasic pattern of decreased antral follicles.
These normograms could provide a reference guide for the clinician
in consulting with women with infertility. However, future valida-
tion with longitudinal data still is needed.

Acknowledgment: The authors express their appreciation to Mr. Tal Nissim
Almog for his valuable assistance with the software used in this article.

TABLE 3

Percentiles of antral follicle count, age of switching rate,
and age of poor antral follicle count (eight or fewer).

Percentile Age (y) of Age (y) of
of AFC switching rate AFC <8
3rd 26 22
10th 28 26
25th 32 34
50th NA 42
75th 34 45
90th 36 48
97th 38 49

Note: AFC = antral follicle count; NA = not applicable.

Almog. Age-related normogram for antral follicle count. Fertil Steril 2011.
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