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ABSTRACT

This review was done to investigate the research done globally and in Pakistan about the role of AGEs
in developing PCOS. Literature was searched at any time by using Google Scholar and PubMed.
Keywords used were “PCOS”, “polycystic ovarian syndrome”, “Advanced glycation end-products”,
“AGEs”, and “Pakistan”. Inclusion criteria were original research on humans, animals, or cell culture,
showing the effect of AGEs on ovarian tissue. No research was found in Pakistan, emphasizing the point
that Pakistan does not take the issue of AGEs seriously. All that was found was the relationship of AGEs
with cardiovascular diseases or the prevalence of PCOS in Pakistani women. The original research done
elsewhere globally was included in this review. Eighteen research studies have been conducted since
2000, including the relationship of AGEs with PCOS. Five studies found higher levels of AGEs in the
blood and ovaries of patients with PCOS compared to controls. Three studies showed that dietary AGEs
were directly associated with PCOS. Five animal (rats/mice) studies showed the effect of a diet high in
AGEs on the ovaries of mice. Three cell line studies also showed a relationship between AGEs and
ovarian tissues. Almost all human, animal, or cell-line studies showed the relationship of AGEs on the
morphology or functioning of ovarian tissue. An easier way to prevent PCOS might be to control the
AGE content in the diet.
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INTRODUCTION

GIobaIIy, about 70% of females are infertile due to
PCOS". Pakistan has an infertility rate of 21.9%, of
which 38.5% is attributable to PCOS.? Worldwide
prevalence of PCOS ranges from 2.2 to 26%, and the
estimated prevalence of PCOS in Pakistan is 17.6%.°
However, the frequency of PCOS in Pakistani women
was claimed to be 52% in some studies, which is
more than double that in the white population*”. The
annual economic cost for the initial evaluation of
PCOS is 93 million dollars, and the total assessment
and treatment of PCOS women is 4.36 billion dollars
in the USA®,

Like many other non-communicable metabolic
diseases, the prevalence of PCOS is increasing as a
result of modern lifestyle factors®. Advanced glycation
end products (AGEs) in food are produced by the
thermal processing of food a prevalent technique
used for food productlon . Thermal processing results
in a “Maillard reaction”, which forms glycated
molecules, and further chemical changes produce
irreversible AGEs. AGEs have also been implicated as

'Khyber Medical College, Peshawar, KPK-Pakistan
’Al-Hammadi Hospital, Riyadh, Saudi Arabia
Al-Iman General Hospital Riyadh, Saudi Arabia
Klngdom Hospital, consulting Clinics, Riyadh, Saudi Arabia
’Prince Sultan Military Medical City, Riyadh, Saudi Arabia
Correspondence: drkmalik7 l(@gmail.com
doi: 10.22442/jlumhs.2024.01101

Received: 09-01-2024 Revised: 22-04-2024

Accepted: 17-05-2024 Published Online: 01-08-2024

a cause of PCOS, as their levels are raised in the
blood and ovaries of women with PCOS™".

The world, as well as Pakistan, holds a significant
burden of infertility due to PCOS. This review
investigated how much research was done globally
and in Pakistan about the role of AGEs in developing
PCOs and to which extent further studies were
needed globally and in Pakistan.

METHODOLOGY & DISCUSSION

Literature has been searched for any time previously
by using Google Scholar and PubMed. Original
research articles were searched in the English

language only. Keywords used were “PCOS”,
“polycystic ovarian syndrome”, “Advanced glycation
end-products”, “AGEs”, and “Pakistan”. Inclusion

criteria were original research on humans, animals, or
cell culture, showing the effect of AGEs on ovarian
tissue. No other types of research were added. The
study was conducted from September to December
2023. Hence, the time taken for the composition of the
review was about three months. AMSTAR 2 was used
for the quality assessment of the review. (Figure I)

No research was found in Pakistan on the relationship
of AGEs with PCOS. All that was found was the
relationship of AGEs with cardiovascular diseases or
the prevalence of PCOS in Pakistani women. To
emphasize the effects of AGEs on PCOS, the original
research done elsewhere globally was included in this
review. The earliest research on this topic was a
human study in Greece in 2005. (Table I)

A total of 84 articles were identified, of which three
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were duplicates. Twenty-eight review articles were
excluded. Three studies showed the effects of
different substances on AGE levels, and they were
excluded. Similarly, 29 studies showing the effects of
AGEs on conditions other than PCOs were also
excluded from the review. Three studies were
excluded as they provided information about the origin
of AGEs alone. Hence, 18 studies were included in
the review, out of which Nine were human studies, five
were animal studies, and four were ovarian cell line
studies. (Table I)

Eighteen research studies have been conducted since
2000, including the relationship of AGEs with PCOS.
Five studies from Greece found higher levels of AGEs
in the blood and ovaries of patients with PCOS
compared to controls. A non-randomized
interventional study from Greece showed that dietary
AGE modifications were directly associated with
changes in metabolic and hormonal profiles in women
with PCOS. One retrospective case-control study from
India showed higher chances of developing PCOS in
women who consumed higher amounts of AGEs in
their diet. Similarly, a retrospective case-control study
from Iran showed that healthy eating habits were
associated with decreased odds of getting PCOS.
However, one retrospective case-control study from
Iran showed lesser food consumption and lower AGE
levels in PCOS patients than in the control group
because these patients were being treated for a long
time.

Five animal (rats/mice) studies have been conducted
since 2012. One of these studies showed an
accumulation of AGEs in the ovaries of PCOS mice
compared to those of controls. Four (4) of these
studies showed the effect of a high-age diet on these
animals. All these studies showed impairment of
ovarian morphology and functions. (Table I)

One Human ovarian cell study from Japan showed
higher amounts of AGEs in tissues from PCOS
patients than controls. Two cell line studies showed
cyst formation due to the effects of AGEs on these
tissues. One such study also showed impairment of
insulin signaling due to AGEs and concluded that this
impairment could contribute to PCOS. (Table I)
Almost all the global studies included in this
systematic review showed a positive relationship
between AGEs and PCOS. No studies were found in
Pakistan about the relationship of AGEs with PCOS;
however, studies on the relationship of AGEs with
cardiovascular and other conditions in Pakistan. Other
studies found in Pakistan were the prevalence studies
of PCOS in Pakistani women. Only one human study
was found from India, and two from Iran. Japan and
Taiwan were the other Asian countries where cell
culture and animal studies were conducted. Amongst
European countries, most human studies were from
Greece. Only one animal study was found in Italy. No
study was found from any other continent, although
PCOS has been found in almost every part of the
world and ethnicity®®. (Table I)
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PCOS might result from modern sedentary urban
environments defined by diet changes, low physical
activity levels, and increased exposure to
environmental pollutants in urban areas®. Studies
from Pakistan and India also showed a higher
prevalence of PCOS in the urban population
compared to the rural population®*'. Rapid economic
changes have led developing countries like India and
Pakistan to adopt an energy-rich diet and a sedentary
lifestyle. A study in Pakistan observed that the
probability of developing PCOS was most significant
at adolescence and younger ages compared to older
age groups®. A growing prevalence of PCOS was
found even in the pre-adolescent age group. The
youth indulge in junk food as it is cheaper due to the
‘Westernization’ of lifestyles®***. Although about three-
fourths of PCOS patients are overweight and/or
obese®, interestingly, obesity is not included in the
definition of PCOS. According to the definition, PCOS
is characterized by menstrual abnormalities, acne,
hirsutism, high androgen levels, and changes in
ovarian morphology. The International Evidence-
based Guideline for the Assessment and
Management of Polycystic Ovary Syndrome stresses
the importance of diet and physical activity to prevent
complications of PCOS*.

Rapid changes in economies have led to busier
lifestyles and families with both working parents and
have resulted in quick meal solutions®. These factors
led to adopting an energy-rich diet and a sedentary
lifestyle. Many new dietary components, food
preservation techniques, cooking methods, new
environmental chemicals, and toxins have surfaced
and diffused through human culture®. Food processing
prolongs shelf-life, increases the convenient
availability of ready-to-eat and semi-prepared foods,
and decreases the cost of food®®. Heat treatment of
food is a widespread technique used to produce food.
High temperature produces flavor and gives desired
color to food products, like coffee and cereals
roasting, cakes and bread baking, and meat grilling.
The underlying mechanism for their formation is the
“Maillard reaction” *°.

The Maillard reaction produces glycated molecules,
which, on further chemical changes in these products,
result in the formation of irreversible AGEs. AGEs are
heterogeneous substances produced by reactions
between reducing sugars or oxidized lipids and free
amino acids, phospholipids, or nucleic acids (Figure
Il). The reaction of primary amines with carbonyl
compounds produces Schiff bases®®. AGEs formed by
sugar-derived carbonyls include CEL and MG-H1.
AGEs formed by lipid peroxidation and oxidative
stress include CML, a ligand for the receptor for AGEs
(RAGE) (Figure II)*°. AGEs adversely affect several
processes either directly by linking with proteins or
indirectly by binding to receptors on the surface of
different cells. AGEs activate various pathways that
regulate protein transcription within living cells when
bound to receptors. Hence, AGEs can affect tissue
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activities like cell development/cell death. AGEs are
found in people with diabetes due to glucose
substrates and in aging patients due to oxidative
damage. AGEs are believed to participate in the
pathophysiology of many chronic diseases. AGE
levels are raised in the blood and ovaries of patients
with PCOS and might contribute to the metabolic
changes happening in polycystic ovarian syndrome. In
vitro and animal studies advocate that AGEs might be
related to abnormal steroid production and follicle
formation. AGEs could alter insulin intracellular
signaling for glucose transporters, leading to insulin
resistance®'

Exogenous sources of AGEs are cooked foods, like
fried, baked, m|crowave -heated food, and espeC|aIIy
caramelized food*>. AGEs naturally occur in raw
animal-origin foods because they are high in protein
and/or fat (Table Il). Dry heating results in the
formation of ten to a hundred times new AGEs as
compared to uncooked food*. Within the meat group,
items made by related methods showed that the
highest levels of AGEs were present in beef and
cheeses (Table II), and chicken, fish, and eggs
followed these® Over the past decades, the
consumption of br0|Ier chicken has increased in the
Pakistani population because broiler chicken is the
most economical and accessible source of animal
protein in developing countries like Pakistan*. Lean
red meats and chicken also contain high levels of
AGEs when cooked with dry heat because lean
muscle has highly reactive amino-lipids and reducmag
sugars, like fructose or glucose-6-phosphate®.
Storage also affects the AGE contents of meat due to
the oxidation and Maillard reaction that occurs
continuously during storage*. During freeze-thaw
cycles, AGEs increase significantly in meats because
these cycles accelerate the oxidation of lipids and
proteins, generating large amounts of free radicals,
promotmg the Maillard reaction and formation of
AGEs*

High- fat cheeses, like American cheese and
Parmesan, contain more AGEs than lower-fat
cheeses like low-fat mozzarella, cheddar, and cottage
cheese®. Like cheeses, uncooked food items
obtained from animals contain large amounts of AGEs
(Table II); this probably occurs due to pasteurization,
or keeping these items for a long time at room
temperature, like in preservation by smoking, salting,
and drying, or like in the aging process. Followed by
oils and nuts, high-fat spreads like butter, margarine,
cream cheese, and mayonnaise are also very high in
AGEs. Various extraction and cleansing processes,
demanding heat, and air and dry conditions make
certain cheeses, oils, and butter AGE-rich, even
uncooked®

An average human diet conS|sts of approximately 75
mg of AGEs each day*’. Glycated proteins, huge
ones, are resistant to proteases. Hence, it is difficult to
remove them from the organisms’ systems. It is
roughly calculated that approximately 30% of AGEs

281

J Liaquat Uni Med Health Sci OCTOBER - DECEMBER 2024; Vol 23: No. 04

are removed in the urine through a healthy kidney;
otherwise, the excreted amount is lower*’. A list of
AGE content in food samples was prepared from 2003
to 2008 in New York, USA. Foods were cooked using
standard cooking techniques like b0|I|ng, broiling,
deep-frying, oven-frying, and roasting®>. The primary
AGE analyzed in this list was CML. Raw beef and
chicken have higher AGE content than milk and
carbohydrates.

Higher fat content increased AGE content; for
example, beef had a higher fat percentage than lean
beef and skin in chicken than skinless chicken (Table
Il). Microwave has lesser AGE content than grilled or
fried meat but much higher than raw, steamed, or
boiled meat. Grilled beef has a higher AGE content
than pan-fried or deep-fried meat. Similarly, like
commercially fried chicken, breaded and deep-fried
chicken has much higher AGE content, especially if
cooked with skin. The fried egg has a very high AGE
content compared to the poached one (Table II).
Cheese has a very high AGE content even when
uncooked, and even higher AGE content with higher
fat content than low-fat ones (Table II). All nut butter,
butter, oils, mayonnaise, and margarine have very
high AGE content. Milk and fruit juices have shallow
AGE content. Amongst carbohydrate foods, boiled rice
and potatoes have low AGE content. AGE content is
very high in potato French fries, especially
commercially cooked. Pasta has a somewhat higher
AGE content than bread and rice because it has a
higher protein content in its structure, and it is also
processed before cooking (Table II).

About 70% of females are infertile due to PCOS’, and
Pakistan has 38.5% of infertility attributable to PCOS.?
Although the global prevalence of PCOS ranges from
2.2 to 26% and the estimated prevalence of PCOS in
Pakistan is 17.6% *, the prevalence of PCOS in South
Asian women, especially in Pakistani women, was
claimed to be 52% in some studies, which is more
than double that in the UK population.*"** The annual
economic cost for the initial evaluation of PCOS is 93
million dollars and is even more significant to the total
assessment and treatment of PCOS women, i.e., 4.36
billion dollars in the USA® the need for control of this
AGE intake cannot be overemphasized.

Diminished intake of AGEs can be attained by
decreasing high AGE items, including cheeses,
meats, and highly treated foods. AGE levels of AGEs
are lower in cooked carbohydrate foods like fruits,
vegetables, whole grains, and milk (Table I) .
Hence, consuming fish, grains, fruits, vegetables, and
low-fat milk should be encouraged. Consumers should
be instructed about low-AGE-producing cooking
technlques for meats like boiling, poaching, and
stewmg Food should be prepared at low
temperatures, for shorter periods, and with high
moisture, and acidic marinades like lemon juice and
vinegar should be used. Vitamin D supplementation
elevates serum RAGE levels (which prevent
deposition of AGEs) in women with PCOS. At the
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same time, Metformin can downregulate RAGE in
osteoblast-like cells and inhibit AGE deposition*.
TABLE I: STUDIES INCLUDED IN THE
SYSTEMATIC REVIEW

First Subjects,
author, Country animals, or Findings
Year cell lines
. . 29 women with  AGEs* were higher in
E;anmd:péii s Greece PCOS/ the serum of PCOS**
20052 ’ 22 non-PCOS  patients as compared to
women non-PCOS patients.
. " 6 women with  AGEs were higher in the
Diamanti- -
. PCOS/ ovaries of PCOS
ggg;i%rakls, Greece 6 non-PCOS patients as compared to
women non-PCOS patients.
Diamanti- 100 women with AGEs were higher in the
Kandarakis. Greece PCOS/ serum of PCOS patients
2008™ ’ 25 non-PCOS  as compared to non-
women PCOS patients.
37 women with
Diamanti- ggasngzplovzilill']amryy AGEs errPeC%gSher ltn thte
: PCOS (regularly serum o patients
D00t 1% gl as compared to non
anovulatory women/ PCOS patients.
25 normal women.
75 women with  AGEs were higher in the
Charikleia, Greece PCOS/ serum of PCOS patients
2011 25non-PCOS  as compared to non-
women PCOS patients.
Dietary AGEs modifications
: are associated with parallel
'2I'gqt4a1l7akl, Greece 23 PCOS changes in metabolic and
women hormonal changes in PCOS
patients.
Women who consume high
Mohan, India ?gfgoon_spvg:%n;en/ AGE in diet have four times
2019 women higher chances of
ome developing PCOS.
99 PCOS Healthy eating is
Hosseini, Iran patients/198 inversely associated with
2017 non-PCOS the risk of PCOS in adult
patients women.
19 PCOS Low diet intake and low
Emami, Iran patients/ AGEs levels were found
2023% 26 non-PCOS  in PCOS patients.
patients
Granulosa cells . .
AGEs levels are higher in
95282 ’ Japan f1r1OgCOS/ granulosa cells of PCOS
10 controls patients than in controls
Azha 10 mice with AGE levels are higher in
20202 ’ Japan PCOS/ granulosa cells of mice
10 controls with PCOS
23 female Wistar Bett . fivit
. rats fed chow high Better ovarian activity
gg?ggrakl, Greece inAGE/ was observed in the low-
24 rats fed with AGE diet group
chow low in AGE.
::tsfef? da:Eitleicslfni:N Ovarian activity was
.Chatzzc')%%%g Greece  high in AGE/ 2ﬁ‘i°ted by high-AGE
iou, 10 rats fed with 1e
chow low in AGE.
9 female CD-1
Di Emidio mice fed with Mice fed with AGE diet
2019% > ltaly chow high in AGE/ showed ovarian

9 rats fed with
water

functional alterations
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12 rats fed with

Ovarian morphology was

Lin, 2019®° Taiwan ASCh . affected by the AGE diet
with AGE
Human ovarian  AGEs have deleterious
: 25 : granulosa cell line effects on ovarian cells,
Lin, 2019 Taiwan (KGN) treated and a raised number of
with AGEs follicle cysts were found
. Ovarian tissues AGEs promote cyst
gg$gz%hronl, Greece  from PCOS formation in ovaries
women/controls
Diamanti- :rl;rr?ﬁlr(]);)av iZﬁn Intraovarian AGEs affect
Kandarakis, Greece line (KGN) |n§url]|tn funtc.téor: atnd
20167 treated with might contribute to
AGEs PCOS.

*Advanced glycation end-products,

**Polycystic ovarian syndrome

TABLE Il: ADVANCED GLYCATION
END-PRODUCT CONTENT IN VARIOUS FOODS

Food item with cooking method/ AGE*(kilo Serving

preparation units) size

Beef

Beef, raw 707 100 grams
Beef, steak, microwaved, 6 min 2,687 100 grams
nated J0 min'with lemon e 3833 100 grams
Beef, ground, 20% fat, pan browned 4,928 100 grams
Beef, roast 6,071 100 grams
Beef, steak, grilled 4 min 7,416 100 grams
Beef, steak, pan-fried w/olive oil 10,058 100 grams
Chicken

Chicken, breast, skinless, raw 769 100 grams
Chicken, breast, steamed in foil, 15 min 1,058 100 grams
Chicken, breast, boiled in water 1,210 100 grams
micronave, 5 min 1524 100 grams
Chicken, breast, skinless, roasted 4,768 100 grams
Chicken, breast, breaded/pan fried 7,430 100 grams
gir;ig}(%,nt::'sast, breaded, deep 9,722 100 grams
oven-fied, with skin- 9,961 100 grams
Egg

Egg, poached, below simmer, 5 min 90 100 grams
Egg, fried, one large 2,749 100 grams
Cheese

Cheese, cottage, 1% fat 1,453 100 grams
Cheese, mozzarella, reduced fat 1,677 100 grams
Cheese, cheddar, aged, 2% fat 2,457 100 grams
Cheese, cheddar 5,523 100 grams
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Cheese, American, white, processed 8,677 100 grams FIGURE I:
Cream cheese, Philadelphia original (Kraft) 8,720 100 grams FLOW DIAGRAM OF SYSTEMATIC REVIEW
Fast food | - = = )
Macaroni and cheese 2,728 100 grams | g
Beef, hamburger (McDonald's) 5418 100 grams [l | mmommimem [ e
Pizza, thin-crust 6,825 100 grams — T
Fats Records excluded as they were roview
Peanut butter, smooth 7,517 100 grams Records screened (n = 81) | D mances on AGE tevel (nosy
0il, canola 9,020 100 ml J Camaions oer e PeSE ey
Mayonnaise 9,400 100 grams iE'
Oil, olive 11,900 100 mi g ot D
Margarine 17,500 100 grams S rnerReEs e e
Butter 26, 480 100 grams J
Milk —
Milk, whole (4% fat) 5 250 ml ;I ettt e 0

. FIGURE IIl: FORMATION OF AGE’S IN VIVO
Milk, fat-free, with A and D (ADOPTED VERSION)*
(microwaved, 3 min) 34 250 ml
Bread | ¢——
Bread, white, slice 83 100 grams —e _
Bread, white, slice, toasted 107 100 grams
Rice, white, quick cooking, 35 min 9 100 grams RNH Or Argaine N-‘&-*w"w\ RNH2 Or Asgisine
Pasta, cooked 12 min 242 100 grams
Potato, white, boiled for 25 min 17 100 grams o
g?rt\elltc?ii white, roasted 45 min, with 218 100 grams Ezm \
Potato, white, French fries, homemade 694 100 grams /

- - Glycolysis
l(DI\SI)::%g’n\;VIZI’g’ French fries 1,522 100 grams I SM
Fruit juice wm_m, Carboxymethyllysine
Juice, orange, from fresh fruit 0 250 ml pep:.“,’:ii:e
Juice, apple 2 250 ml =
Juice, orange 6 250 ml from sharing the data publically. The questionnaire

*Advanced glycation end-products
CONCLUSION

Almost all human, animal, or cell-line studies showed
the relationship of AGEs on the morphology or
functioning of ovarian tissue. An easier way to prevent
PCOS might be to control the AGE content in the diet.
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