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Objective: The ‘PROspective Study of dose adjustment of multiple anti-diabetic therapy for

Type-2 diabetic patients FASTing the Month of Ramadan aimed to assess the biophysical

and metabolic effects of fasting during Ramadan, including HbA1c, weight, blood pressure

and lipid profile.

Study design methods: We performed a prospective study of people with Type-2 diabetes who

were on �3 drugs for lowering glucose before and after Ramadan of H1438 (May-June 2017)

in Hamad Medical Corporation, Qatar. We enrolled 228 participants, of whom 181 com-

pleted the study and were included in the analysis.

Results: There were 115 (63.5%) men and 66 (36.5%) women, mean age 53.6 ± 9.7 years and

mean diabetes duration of 10 ± 6 years. Both HBA1c [7.8% (62 mmol/mol) vs. 7.6%

(60 mmol/mol); p = 0.004]; and diastolic BP (75.7 ± 8.55 vs. 68.8 ± 23.1 mmHg, P = 0.001)

improved significantly after Ramadan while there was an increase in total cholesterol

(3.94 ± 0.89 mmol/l vs 4.11 ± 1.02 mmol/l; p = 0.008) and triglycerides (1.55 ± 0.72 mmol/l vs

1.71 ± 0.9 mmol/l; p = 0.012). Subgroup analysis showed that patients on sulphonylurea,

South Asians and males had a significant reduction in both HBA1c and weight.

Conclusion: Patients with Type 2 diabetes who fast during Ramadan show an improvement

in glycaemic control and diastolic blood pressure, but a worsening of total cholesterol and

triglycerides, particularly those of South Asian origin and men.
� 2019 Elsevier B.V. All rights reserved.
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1. Introduction & background

Muslims all over the world abstain from eating and drinking

from dawn till sunset during Ramadan. Many studies have

focused on the harmful impact of Ramadan in people with

Type 2 diabetes, particularly in relation to hyperglycaemia

and hypoglycaemia [1]. Accordingly, several international pro-

fessional bodies have developed guidelines to enable safe

fasting and have endorsed the view that many patients with

diabetes should not fast [2–4]. Some studies have shown an

improvement in glycaemic control [5–8] whilst others have

shown deterioration [6,9–11]. An observational study of 1301

patients with diabetes in Qatar, showed an improvement in

blood glucose, HbA1c, total cholesterol, low-density and

high-density lipoprotein cholesterol, triglycerides, and sys-

tolic and diastolic blood pressures during Ramadan [8]. In a

study of 40 participants with T2DM from Egypt who fasted

during Ramadan there was an improvement in glycaemic

control, lipid profile and reduced oxidative stress [5]. In a

study of 88 participants with T2DM in Iran who fasted during

Ramadan therewas a significant increase in fasting blood glu-

cose (FBG) and HbA1c [9]. Whilst in a study from Algeria, 60

obese women with T2DM showed a significant improvement

in fasting blood glucose and HbA1c, but a deterioration in

the lipid profile [11].

Data on the metabolic and biophysical benefits of people

with T2DM who fast during the holy month of Ramadan are

limited or conflicting. Furthermore, most studies have

involved patients who were either on a single or maximum

of two therapeutic agents. A change in the biochemical and

biophysical profile of diabetic patients taking three or more

drugs has hitherto not been studied. ‘The ‘PROspective Study

of dose adjustment of multiple anti-diabetic therapy for Type-

2 diabetic patients FASTing the Month of Ramadan’ (PROFAST

Ramadan Study), aimed to assess the biophysical and meta-

bolic effects of fasting during Ramadan. We assessed the

change in HbA1c, weight, blood pressure and lipid profile dur-

ing Ramadan.

2. Patients & methods

Ethical approval for the study was granted from the Institu-

tional Review Board of Hamad Medical Corporation, Doha,

Qatar, (reference number 16437/16) and from each of the

local hospitals. People with T2DMwere recruited from six dia-

betes and internal medicine clinics in HMC, Doha, Qatar.

Inclusion criteria were: (1) People with T2DM (clinically diag-

nosed according to WHO criteria for at least 1 year prior to

entry into the study); (2) stable treatment for the 6 months

prior to enrollment in the study; (3) on �3 drugs for lowering

glucose; (4) HbA1c � 85 mmol/mol (9.9%); (5) eGFR > 30 ml/

min; (5) Age 18–79 years. Exclusion criteria were: (1) History

of recurrent hypoglycaemia or hypoglycaemia unawareness;

(2) Admission with more than 2 episodes of diabetic ketoaci-

dosis (DKA) or hyperosmolar non-ketotic coma (HONC) in the

preceding year, or an episode of DKA within the preceding

3 months prior to Ramadan; (3) Active coronary artery dis-
ease, congestive cardiac failure, or those with advanced co-

morbidities and/or advanced diabetes complications, who

were considered by their clinicians not suitable for the study;

(4) Cancer.

Dietary advice, and life style modifications were made

according to the latest recommendations by the Diabetes

and Ramadan- International Diabetes Federation (DAR-IDF)

and American Diabetes Association (ADA) guidelines [1,12].

The patients anti-diabetic medications were adjusted accord-

ing to the PROFAST Ramadan Study protocol [13]. The dose of

sulphonylureas was reduced by 50% and the dose of met-

formin was reduced to 1 g/day, if on >2 g in all patients during

Ramadan. The dose of basal insulin was reduced by 25% and

taken at Iftar (meal taken when the fast is broken in the early

evening). For twice daily premixed insulin the first dose was

taken at Iftar and the second dose was reduced by 25%–50%

and taken at Sohoor (the meal before commencing the fast).

Flexibility was given to those on basal bolus, basal plus or

more complex insulin regimens based on individual circum-

stances as well as HbA1c and self-monitoring of home blood

glucose. The dose of pioglitazone, dipeptidyl peptidase 4 inhi-

bitors (DPP-4i), sodium-glucose co-transporter-2 inhibitors

(SGLT-2i) or glucagon-like peptide-1 analogues (GLP1-RA) were

not altered. Participants were consented and enrolled 4–

8 weeks before Ramadan (Visit A), when they received stan-

dard counseling, dietary and lifestyle advice and dose adjust-

ment This advice was reinforced during Ramadan via a

telephone call by the attending physician after the first

10 days of Ramadan. The timing was agreed upon between

the physician and the patient during visit A and the patient

was given a mobile number to call in case he/she had any

queries or emergency. Visit B, took place 4–8 weeks after

Ramadan, when data were collected on episodes of hypogly-

caemia (whether symptomatic or measured), number of days

fasted and any visit to the Emergency Department (ED). Par-

ticipants were classified into 4 groups: Group A on a sulpho-

nylyurea (SU); Group B on insulin; Group C on both insulin

and a SU and Group D if on neither insulin or SU.

2.1. Statistical analysis

Categorical data were reported as number (percentages) while

numerical data were reported as mean ± SD. Descriptive

statistics were performed to analyze frequencies of the study

variables. A paired student t-test was used to explore changes

in the variables before and after Ramadan. P values of less

than 0.05 were considered statistically significant. Statistical

analysis was performed using STATA 15 soft-ware (College

Station, TX: Stata Corp LP).

3. Results

We enrolled 228 participants, 181 of whom completed the

study and were included in the analysis. Table 1 shows the

baseline characteristics of the study population. There were

115 males (63.5%) and 66 females (36.5%) with a mean age

of 53.5 ± 9.7 years, mean weight of 83.3 ± 14.5 kg, mean dia-



Table 1 – Baseline Characteristics. Data is expressed as mean ± standard deviation and percentages.

Total (181)
Mean age 53.5 ± 9.8 Years
Gender (%) Males

115 (63.5%)
Females
66 (36.5%)

Ethnicity (%) Qatari
51 (28.2%)

Arab
74 (40.9%)

Asian
56 (30.9%)

Mean duration of diabetes 10.6 ± 6.5 Years
Mean weight 83.3 ± 14.5 kg
Mean HBA1C 7.8 ± 1.0%
Groups A

97(53.6%)
B
55(30.4%)

C
17(9.4%)

D
12(6.6%)

Number of medications 3 Medications
101 (56.4%)

�4 Medications
78 (43.6%)
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betes duration of 10.6 ± 6.5 years, and mean HBA1C of 7.8

± 1.0%. The majority of the study group were Middle East-

ern/Arab [74 (40.9%)]. Group A (SU+) had 97 patients (53.6%),

Group B (insulin+) had 55 patients (30.4%), group C (Insulin

and SU) had 17 patients (9.4%) and group D (neither insulin

or SU) had 12 patients (6.6%). The mean number of days

fasted by the participants was 28 days.

Table 2 shows the cardiometabolic changes over

the month of Ramadan. HbA1c (62 mmol/mol (7.8%) to

60 mmol/mol (7.6%), P = 0.004) and diastolic blood pressure

(75.7 ± 8.55 to 68.8 ± 23.1 mmHg, P = 0.001) decreased signifi-

cantly while there was no change in systolic BP (132.4 ± 17.6

to 130.6 ± 16.5 mmHg, P = 0.16) and body weight (85.9 ± 15.8

to 85.7 ± 16.2 kg, P = 0.25). Total cholesterol (3.94 ± 0.89 to

4.11 ± 1.02 mmol/l, P = 0.008) and triglycerides (1.55 ± 0.72 to

1.71 ± 0.9 mmol/l, P = 0.012) increased significantly, but there

was no change in HDL-cholesterol (1.02 ± 0.29 to 1.03

± 0.27 mmol/l, P = 0.977) or LDL cholesterol (2.2 ± 0.72 to 2.25

± 0.82 mmol/l, P = 0.343).

3.1. Effect of medication

Table 3 compares the cardiometabolic changes pre-and post-

Ramadan. HBA1c was significantly reduced only in group A

(60 mmol/mol (7.6%±1.0) vs 57 mmol/mol (7.4 ± 1.0%);

p = 0.009). Weight was significantly reduced in groups A

(85.0 ± 15.8 kg vs 84.6 ± 15.9 kg p = 0.047) and B (87.8 ± 16.1 kg

vs 87.2 ± 15.9 p = 0.047). Total cholesterol was increased in

group C (3.9 ± 0.8 mmol/l vs 4.5 ± 1.3 mmol/l p = 0.05), while

triglycerides was increased in group A (1.5 ± 0.8 mmol/l vs
Table 2 – Change in biophysical and metabolic parameters duri

Pre Ramadan

HbA1c mmol/mol (%) 62 (7.82 ± 1.1)
Weight (Kg) 85.94 ± 15.88
SBP (mmHg) 132.48 ± 17.67
DBP (mmHg) 75.7 ± 8.55
Total Cholesterol (mmol/l) 3.94 ± 0.89
Triglycerides (mmol/l) 1.55 ± 0.72
HDL (mmol/l) 1.02 ± 0.29
LDL (mmol/l) 2.20 ± 0.72

HbA1c: glycosylated haemoglobin; SBP: systolic blood pressure; DBP: dias

lipoprotein.
1.8 ± 1.1 mmol/l p = 0.014). Systolic BP was significantly

reduced in group D (135.1 ± 16.9 mmHg vs. 127.1 ± 13.6 mmHg

p = 0.03).

3.2. Effect of ethnic background

The South Asian group demonstrated a significant reduction

in HbA1c [63 mmol/l mol (7.9 ± 1.1% vs 57 mmol/mol (7.4

± 0.9%) p < 0.001] and weight (79.0 ± 13.4 kg vs 78.0 ± 12.8

p < 0.001), but worsening of triglycerides (1.5 ± 0.7 mmol/l vs

1.8 ± 1.1 mmol/l p = 0.038) (Table 4). The Qatari group showed

a deterioration of total cholesterol (3.9 ± 0.8 mmol/l vs 4.2

± 1.0 mmol/l p < 0.003) and in LDL cholesterol (2.0

± 0.5 mmol/l vs 2.2 ± 0.7 p < 0.012).

3.3. Gender

Men showed a significant reduction in weight (87.9 ± 16.9 vs

87.3 ± 16.9 p < 0.001), HbA1c [63 mmol/l (7.9 ± 1.1%) vs

60 mmol/l (7.6 ± 1.1%) p = 0.005] and systolic BP (134

± 16.7 mmHg vs 129 ± 15.9 mmHg p = 0.002) with an increase

in total cholesterol (3.8 ± 0.8 mmol/l vs 4.0 ± 1.0 mmol/l

p = 0.02) and triglycerides (1.5 ± 0.7 vs 1.7 ± 0.8 P = 0.016)

(Table 5).

3.4. Emergency department visits

Six participants attended the ED during Ramadan for presen-

tations unrelated to fasting and diabetes.
ng Ramadan.

Post Ramadan P value

60 (7.61 ± 1.0) 0.004
85.79 ± 16.23 0.25
130.63 ± 16.5 0.16
68.86 ± 23.1 0.001
4.11 ± 1.02 0.008
1.71 ± 0.9 0.012
1.03 ± 0.27 0.977
2.25 ± 0.82 0.343

tolic blood pressure; HDL: high density lipoprotein; LDL: low density



Table 3 – Changes in HbA1c, Weight, SBP, DBP, Total cholesterol, Triglycerides, HDL and LDL by Group of medications.

Group A (SU) Group B (Insulin) Group C (SU + Insulin) Group D (none)

Pre Ramadan Post Ramadan P value Pre Ramadan Post Ramadan P value Pre Ramadan Post Ramadan P value Pre Ramadan Post Ramadan P value

HbA1c mmol/mol (%) 60
(7.6 ± 1.0)

57
(7.4 ± 1.0)

0.009 63
(7.9 ± 1.1)

62
(7.8 ± 0.9)

0.244 63
(7.9 ± 1.1)

61
(7.7 ± 1.2)

0.214 67
(8.3 ± 1.3)

65
(8.1 ± 1.3)

0.352

Weight (kg) 85.0 ± 15.8 84.6 ± 15.9 0.047 87.8 ± 16.1 87.2 ± 15.9 0.047 89.8 ± 19.1 91.0 ± 20.3 0.144 88.4 ± 19.3 87.2 ± 16.3 0.421
SBP (mmHg) 130.8 ± 16.2 130.6 ± 15.4 0.926 135.5 ± 18.7 132.6 ± 17.5 0.279 130.1 ± 17.1 128.5 ± 18.1 0.665 135.1 ± 16.9 127.1 ± 13.6 0.033
DBP (mmHg) 77.3 ± 8.3 77.0 ± 7.9 0.747 75.1 ± 7.7 75.3 ± 7.6 0.835 71.2 ± 9.2 69.0 ± 8.8 0.284 76.9 ± 7.4 77.2 ± 6.2 0.859
TC (mmol/l) 4.0 ± 0.9 4.1 ± 1.0 0.202 3.8 ± 0.7 3.9 ± 0.9 0.189 3.9 ± 0.8 4.5 ± 1.3 0.05 4.0 ± 1.0 4.2 ± 1.3 0.405
Triglyceride (mmol/l) 1.5 ± 0.8 1.8 ± 1.1 0.014 1.5 ± 0.5 1.6 ± 0.7 0.07 1.5 ± 0.6 1.3 ± 0.5 0.104 1.4 ± 0.5 1.3 ± 0.5 0.509
HDL (mmol/l) 1.0 ± 0.3 1.0 ± 0.3 0.914 1.0 ± 0.2 0.9 ± 0.2 0.460 1.2 ± 0.5 1.2 ± 0.4 0.686 1.0 ± 0.1 1.0 ± 0.2 0.343
LDL (mmol/l) 2.2 ± 0.8 2.2 ± 0.8 0.946 2.2 ± 0.6 2.2 ± 0.8 0.448 2.1 ± 0.6 2.4 ± 0.7 0.228 2.3 ± 0.9 2.5 ± 1.2 0.484

SU: sulphonylurea; HbA1c: glycosylated haemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: Total cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein.

Table 4 – Changes in HbA1c, Weight, SBP, DBP, Total cholesterol, Triglycerides, HDL and LDL by patient background group.

Arab South Asian Qatari

Pre Ramadan Post Ramadan P value Pre Ramadan Post Ramadan P value Pre Ramadan Post Ramadan P value

HbA1c mmol/mol (%) 62
(7.8 ± 1.0)

61
(7.7 ± 1.1)

0.459 63
(7.9 ± 1.1)

57
(7.4 ± 0.9)

0.001 61
(7.7 ± 0.9)

60
(7.6 ± 1.0)

0.377

Weight (kg) 92.9 ± 16.5 92.6 ± 16.4 0.480 79.0 ± 13.4 78.0 ± 12.8 0.001 85.3 ± 15.9 85.1 ± 16.0 0.592
SBP (mmHg) 132.2 ± 17.9 128.9 ± 14.7 0.123 132.7 ± 15.9 129.4 ± 16.1 0.122 132.0 ± 19.5 134.8 ± 18.8 0.282
DBP (mmHg) 74.9 ± 8.7 74.9 ± 7.9 0.978 78.6 ± 7.8 77.0 ± 8.9 0.106 74.1 ± 7.62 75.1 ± 7.0 0.440
Cholesterol (mmol/l) 4.0 ± 0.9 4.1 ± 1.0 0.089 3.89 ± 0.9 3.89 ± 0.9 0.988 3.9 ± 0.8 4.2 ± 1.0 0.003
Triglycerides (mmol/l) 1.5 ± 0. 1.6 ± 0.6 0.384 1.5 ± 0.7 1.8 ± 1.1 0.038 1.6 ± 0.6 1.7 ± 0.9 0.283
HDL (mmol/l) 1.0 ± 0.3 1.0 ± 0.3 0.813 0.9 ± 0.3 0.9 ± 0.2 0.738 1.0 ± 0.3 1.1 ± 0.3 0.482
LDL (mmol/l) 2.3 ± 0.8 2.4 ± 0.9 0.496 2.2 ± 0.7 2.0 ± 0.8 0.109 2.0 ± 0.5 2.2 ± 0.7 0.012

HbA1c: glycosylated haemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high density lipoprotein; LDL: low density lipoprotein.
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Table 5 – Changes in HbA1c, Weight, SBP, DBP, Total cholesterol, Triglycerides, HDL and LDL by Gender.

Male Females

Pre Ramadan Post Ramadan P value Pre Ramadan Post Ramadan P value

HbA1c mmol/mol (%) 63
(7.9 ± 1.1)

60
(7.6 ± 1.1)

0.005 61
(7.7 ± 1.0)

60
(7.6 ± 0.9)

0.054

Weight (kg) 87.9 ± 16.9 87.3 ± 16.9 0.0014 82.6 ± 14.8 82.3 ± 14.7 0.209
SBP (mmHg) 134 ± 16.7 129 ± 15.9 0.002 128 ± 18.9 132 ± 17.3 0.904
DBP (mmHg) 77.0 ± 7.9 76.5 ± 8.3 0.521 73.9 ± 8.6 74.0 ± 7.3 0.993
Cholesterol (mmol/l) 3.8 ± 0.8 4.0 ± 1.0 0.022 4.1 ± 0.8 4.2 ± 0.9 0.216
Triglycerides (mmol/l) 1.5 ± 0.7 1.7 ± 0.8 0.016 1.5 ± 0.8 1.6 ± 1.0 0.366
HDL (mmol/l) 0.9 ± 0.3 0.9 ± 0.2 0.600 1.1 ± 0.2 1.1 ± 0.2 0.254
LDL (mmol/l) 2.2 ± 0.7 2.2 ± 0.7 0.621 2.2 ± 0.7 2.3 ± 0.8 0.393

HbA1c: glycosylated haemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high density lipoprotein; LDL: low density

lipoprotein.
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4. Discussion

Fasting during the month of Ramadan has been shown to

have beneficial effects on insulin sensitivity in healthy young

men [14]. However, in people with T2DM there are conflicting

data on the change in biochemical and biophysical variables

[11,15–17]. Most studies have included small numbers of par-

ticipants and assessed limited variables. The PROFAST Rama-

dan study was performed in a relatively large number of

participants with T2DM treated with a complex drug regimen

(3 or more agents). In our cohort of patients that included

people from different nationalities and ethnic backgrounds,

we have shown that in the overall study group there was an

improvement in HbA1c and diastolic blood pressure, but a

worsening of the total cholesterol and triglycerides, which

appears to be influenced by the patients’ background. The

beneficial effect on weight, glycaemic control and diastolic

blood pressure and worsening of triglycerides was confined

to South Asians. The favourable effects were not seen in the

Qatari’s or other Arabs. Furthermore, the Qatari’s showed a

worsening of the total cholesterol and LDL cholesterol, whilst

the other Arabs showed neither an improvement nor worsen-

ing of their biophysical or biochemical variables.

The diversity of our population in Qatar allowed us to com-

pare the effect of nationality background, and ethnicity on

biophysical and biochemical markers in our study groups.

Differing cultural and dietary habits are likely to have played

a major role in the differences observed in our study. The

South Asian participants demonstrated the greatest improve-

ment in glycaemic control and weight, likely due to the fact

that they are mostly manual workers who undertake greater

physical exercise during Ramadan. A study of 29 South East

Asians with T2DM fasting during Ramadan also showed a

comparable improvement in HbA1c [18].

Studies examining the effect of Ramadan on body weight,

serum lipid profile and blood pressure have shown conflicting

results. We have shown no change in weight or systolic blood

pressure with a significant increase in the total cholesterol

and triglycerides, but no change in HDL- and LDL- cholesterol.

A systemic review has shown a significant deterioration in

the lipid profile of participants with diabetes but no change

in participants without diabetes [10]. In a study from Tunisia

of 38 participants with T2DM who fasted during Ramadan,
there was a decrease in weight and HDL cholesterol and an

increase in LDL cholesterol, but no change in blood pressure

[16]. In our cohort, whilst weight did not change overall, those

on sulphonylureas or a combination of insulin and sulphony-

lureas showed a decrease in weight, which may be attributed

to the reduction in the dosage of these medications prior to

Ramadan. A study from Turkey of 52 patients with T2DM trea-

ted with diet or sulphonylureas did not show a significant

change in weight during Ramadan [17]. In a study of 39 over-

weight participants with T2DM treated with oral hypogly-

caemic agents (OHA), there was also no change in body

weight, with an increase in total cholesterol but no change

in triglycerides [15]. In a study from Singapore, participants

who fasted during Ramadan increased their proportion of

fat intake, which may have contributed to a lack of change

in weight [18]. A study from Tehran in 57 participants with

T2DM showed an increase in Body mass index (BMI) in

women, but a decrease in both BMI and waist-hip ratio in

men, with no change in blood pressure, fasting blood glucose

and serum fructosamine [19].

Our study also showed some gender influence on the stud-

ied variables. Ramadan fasting in males resulted in a reduc-

tion in weight, systolic blood pressure and HbA1c, but an

increased in total cholesterol and triglycerides. On the other

hand, females showed only a trend for an improvement in

HbA1c, and neutral effects on the other measures. Some of

the differential effects in the South Asians may primarily be

driven by gender, as they were mainly males (85%) and con-

versely, this may also have influenced outcomes in Qatari

group as 70% were females and they are less likely to be phys-

ically active compared to males. The distribution of medica-

tions, primarily insulin and sulphonylureas was not skewed

in any of the three groups. The South Asian group had only

17 subjects on SU and therefore, differences in medication

is unlikely to have influenced the observed changes in this

group.

Focused education has been shown to improve lipids and

glycaemic control in people with T2DM who fast during

Ramadan [20]. A prospective study comparing 40 participants

without diabetes to 40 participants with diabetes who fasted

during the month of Ramadan reported a significant 23%

improvement in fasting blood sugar in participants with dia-

betes, with no change in the non-diabetic group [5]. A study
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from Singapore showed that the mean HbA1c improved from

74 mmol/mol (8.9%) to 70 mmol/mol (8.6%) during Ramadan

[6].

Both a strength and a limitation of our study is the com-

plex combinations of antidiabetic medications used and the

multi-national, multiethnic population studied. The relatively

small number of the subgroups may have biased some of the

results, which is not an avoidable limitation. Further, as some

of these differences could be affected by the BMI, it would

have been better to have the BMI of the subjects. We have

data on weight, but we do not have data on patients heights

to calculate BMI. Another limitation could be the timing of

assessments, which were within 8 weeks before and after

Ramadan andmay have impacted on the change in glycaemic

control and the lipid profile. It may have also been better to

use fructosamine rather than HbA1c as it would better reflect

short term change in glycaemic control. We also have no

details on the dietary habits and caloric intake before and

after Ramadan and we have not assessed the effect of social

class.

5. Conclusion

Our study has shown that fasting during Ramadan is associ-

ated with an improvement in glycaemic control and diastolic

blood pressure but a deterioration in the total cholesterol and

triglyceride levels, which were most prominent in South

Asians and in men.
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